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BACKGROUND: The respiratory care department of one campus within our health system eval-
uated simulation-based medical education for training and competency evaluation of the mini
bronchoalveolar lavage (mini-BAL) procedure, with an emphasis on patient safety and procedure
performance standards. METHODS: Training and competency evaluation occurred in 4 phases. In
phase one, 24 staff respiratory therapists (RTs) were randomly chosen and individually underwent
a simulation-based test of their mini-BAL performance, using a patient-simulator mannequin.
Their performance on this test reflected the effectiveness of traditional training methods. In phase
two, 83 staff RTs were given unlimited access to a Web-based curriculum on mini-BAL, including
a video of a mini-BAL. They then took 2 tests: one online Web-based test, then a patient-simulator
test. In phase three, the same 83 RTs attended a workshop that used the patient simulator for
training and practice, then were re-evaluated with the patient-simulator test. Phase four was
another simulator-based re-evaluation, 90 days after phase three, to study skills retention. RE-
SULTS: The mean scores were: phase one 73 � 10%, phase two 77 � 11%, phase three 95 � 5%
(p < 0.01), phase four 92 � 8%. CONCLUSION: Our results suggest that employing simulation
technology within a comprehensive departmental program can enhance staff training. Key words:
training, bronchoalveolar lavage, simulator. [Respir Care 2007;52(3):263–270. © 2007 Daedalus En-
terprises]

Introduction

Like many respiratory care departments, we rely on
medicine’s traditional hands-on method of learning to train

our staff. The apprenticeship model, often referred to as
“see one, do one,” is predominately used and, with varying
degrees of supervision, clinical procedures are generally
mastered via repeated practice on patients. This process
has shortcomings. Patients can be put at risk, and some-
times skills do not fully develop. In-service/didactic train-
ing may be useful for instilling medical knowledge, but is
often inadequate for teaching the psychomotor skills re-
quired to safely perform some medical procedures. Though
clinical apprenticeship is indispensable, it does not ensure
consistency in the information delivered or permit a stan-
dardized experience for all trainees. Also, despite various
strategies such as “dedicated educators” and designated
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“competency days,” objectively measuring staff perfor-
mance can be difficult.

The 1999 Institute of Medicine report “To Err Is Hu-
man” identified inadequate education and training of cli-
nicians as a key problem, and simulation was mentioned as
an innovative approach to performance improvement and
health-care training.1 Simulation is a training and feedback
method in which trainees can repeatedly practice tasks in
lifelike circumstances without endangering patients. Al-
though relatively new to medical education, simulation is
well established in other disciplines. Examples include
flight simulators for pilots and technical operations for
nuclear power personnel. Anesthesiologists have used sim-
ulated clinical environments and computer-controlled full-
body patient simulators since the mid-1990s for training in
procedures, crisis management, and teamwork.2–5 The lat-
est generation of computer-based mannequins can simu-
late human physiology and a variety of pathologies and
simulated scenarios that present a wide range of realistic
events for training of both novices and experts. Evaluation
techniques such as video review and post-simulation de-
briefing can provide immediate feedback. Some simulator
programs also provide a timed log of the trainee’s actions,
which limits the subjectivity of performance evaluation.6–8

The use of simulation as a means of objective skills as-
sessment is well recognized, and studies indicate that sim-
ulation not only improves learning but is especially effec-
tive in developing procedural skills.7,9

We used simulation as a means of objective skills as-
sessment and also investigated its use as a standardized,
reproducible method of staff instruction for a specialized
clinical procedure, the mini bronchoalveolar lavage (mini-
BAL), which is currently performed by all respiratory ther-
apists (RTs) in our institution. This project was part of a
departmental quality improvement program. The objec-
tives were: (1) to determine the staff’s mini-BAL profi-
ciency prior to implementing the new training and assess-
ment procedures in order to determine the effectiveness of
current traditional training; (2) to determine the effect of
adding a Web-based didactic tutorial (that included a video
of a mini-BAL) on objective measures of mini-BAL per-
formance; (3) to determine the effect of a simulation-based
training session on simulated mini-BAL performance; (4) to
test skills retention 90 days after the simulation training.

Mini-BAL is a blind (nonbronchoscopic) procedure for
obtaining lower-respiratory-tract samples for diagnosing
ventilator-associated pneumonia.10 The mini-BAL proce-
dure performed at our institution uses a sterile prepack-
aged, commercially available telescoping catheter (BAL
Cath, Ballard Medical Products, Draper, Utah) (Fig. 1).
The telescoping catheter is passed through the endotra-
cheal or tracheostomy tube, using an accompanying pre-
packaged access port adapter. With the curved tip of the
catheter directed toward the desired lung, the outer cath-

eter is advanced into the left or right bronchus. The inner
catheter is advanced into a wedged position. Then sterile,
physiologic saline solution is injected through the catheter
into the airway, and then suctioned out. The lavage sample
is sent to the microbiology laboratory for quantitative anal-
ysis.11

The mini-BAL program at our institution was imple-
mented in April 2002. Our traditional mini-BAL training
was via in-services, procedure demonstration, and appren-
ticeship, which consisted of bedside mentoring by a peer(s)
or instructor for 3 consecutive mini-BALs prior to oper-
ating independently. Once apprenticeship was completed,
the staff member could act as a mentor. All staff were
required to demonstrate the mini-BAL to a designated in-
structor(s) for yearly competency validation.

Methods

The study was approved as a quality improvement project
by the Total Quality Council of the University of Pitts-
burgh Medical Center Presbyterian Hospital. All simula-
tion-based medical education occurred at the Winter In-
stitute for Simulation Education and Research, a medical
simulation and education center affiliated with our health
system. The simulation center incorporates Web-based cur-
riculum, simulation-based training, video of the trainee’s
performance, data collection, and post-simulation debrief-
ing.

Our focus was on proper procedure and individual psy-
chomotor skills, both of which can impact sample quality

Fig. 1. Mini bronchoalveolar lavage procedure performed on a
full-body patient simulator.
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and patient safety. To mimic clinical reality, the simula-
tion room was configured to resemble an intensive care
unit patient room (Fig. 2).12–16 We designed one scenario
involving an intubated and ventilated intensive care unit
patient. Vital signs (heart rate, blood pressure, and pulse-
oximetry reading) remained within acceptable limits
throughout the procedure. The participants were required
to properly screen the simulated patient as a candidate for
mini-BAL, to appropriately manage the ventilator and air-
way, to perform the mini-BAL, and to monitor patient
tolerance per procedure guidelines.

We used a computer-based full-body patient simulator
(SimMan, Laerdal, Wappingers Falls, New York) because
of its availability within our simulation center and because
it contributed to the reality of the scenario.16,17

Evaluation Methods

Simulation was used to measure staff performance in all
phases of this project. Phase two also included an online
(Web-based) test. All participants were introduced to the
simulated intensive care patient room and the patient sim-
ulator, given time to review equipment (ventilator, suction
equipment, monitor, telescoping catheter, etc) and then
asked to perform the mini-BAL. All participants were given
the same scenario and patient information in a mock pa-
tient chart.

To objectively measure procedure and skills demonstra-
tion, the mini-BAL procedure was defined as a sequenced

set of tasks (Table 1). Three educators from the respiratory
care department were trained as facilitators. Two of the
facilitators observed the procedures and used an electronic
checklist to independently document each RT’s actions.
After each scenario simulation the 2 facilitators’ checklists
were compared for consistency.18,19 If inconsistency oc-
curred, a third facilitator reviewed the video for final de-
termination of score. The video was also used for perfor-
mance review and debriefing the test-taker, if appropriate.
Tasks were scored 1 if correctly completed or 0 if not
correctly completed, and the individual’s total score was
the percentage of the 20 checklist points that the RT cor-
rectly completed.

We also surveyed the RTs regarding their attitudes to-
ward simulation training and their self-assessment of their
confidence and competence in the procedure.

Phase One: Mini-BAL Simulation Performance With
Only Traditional Training

To establish a departmental performance benchmark, 24
staff RTs (which was 23% of the total department staff at
the time) were randomly chosen and individually simula-
tion-tested to study their current mini-BAL performance.
Random selection was based on availability of staff mem-
bers present during 3 shifts when the simulators were avail-
able for testing. All 24 RTs had received the standard
departmental training in mini-BAL and were deemed com-
petent via traditional methods, which consisted of physi-

Fig. 2. Competency evaluation of the mini bronchoalveolar lavage procedure.
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cian lecture, initial demonstration of skill by an instructor,
demonstration of skill by the trainee, and bedside mentor-
ing by peers and instructors.

The 24 RTs tested in phase one had an average of 13
years experience within our health system, and they had
performed an average of 25 prior mini-BALs each (Ta-
ble 2). All participants were registered RTs or were reg-
istry-eligible at the time of the evaluation. The evaluation
results were not discussed, procedure errors were not cor-
rected, and no simulation training occurred before the
phase-one test.

Phase Two: Web-Based Training, Online Test, and
Simulator Test

In phase two, 83 staff RTs were given access to a Web-
based presentation (PowerPoint, Microsoft, Redmond,
Washington) on the mini-BAL and a video of the proce-
dure. All 83 RTs had received prior training and were
deemed competent via traditional methods. None of these
83 RTs had participated in the phase-one evaluation. The
Web-based presentation described the need and rationale
for mini-BAL invasive diagnosis and management of ven-
tilator-associated pneumonia. It also included indications,
contraindications, equipment required, and procedural
steps. All 83 RTs were required to view the Web site and
complete an online multiple-choice test. The RTs had un-
limited access to the material and video for frequent re-
view if desired. After completion of the online test, staff
were scheduled for the mini-BAL simulation workshop.
At the simulation center, each RT individually took the
simulation test, prior to the phase-three training. The eval-
uation results were not discussed, procedure errors were
not corrected, and no simulation training occurred before
the phase-two simulation test. Phase two was designed to
measure the impact of the Web-based curriculum alone.

Phase Three: Web-Based Training Plus Simulation
Training

Immediately following phase-two testing, the same 83
RTs attended a workshop that employed simulation-based
training and practice. The workshop included individual
instruction and hands-on practice with the patient simula-
tor. Following the workshop, each RT was individually
tested with the simulator. Any deficiencies discovered were
addressed privately with each RT, and additional training
was completed if necessary to ensure safe and standard
mini-BAL performance. Six RTs were new employees and
received only the simulation training in mini-BAL.

Phase Four: 90-Day Skills Retention
To assess the impact of simulation training on skills

retention, 24 RTs were randomly selected to be re-tested
via simulation 90 days after the phase-three test.

Results

The mean score for phase one was 73 � 10%, which
represented traditional training methods. Interestingly, the
number of prior mini-BALs an RT had performed did not
correlate to performance score (Fig. 3).

The mean score for phase two was 77 � 11%, which
represented the impact of the Web-based curriculum.

Table 1. Mini-BAL Procedure Performance Checklist*

1. Reviewed and confirmed order for mini-BAL
2. Confirmed that hematology results were within established

thresholds
3. Reviewed contraindications and cautions and assessed patient for

contraindications
4. Pre-oxygenated the patient with 100% oxygen
5. Used universal precautions
6. Suctioned patient airway
7. Set up suction equipment and sputum trap

a. Replaced existing suction tubing with sterile tubing
b. Attached sputum trap to suction tubing

8. Patient pre-assessment
a. Reviewed baseline vital signs and ICP
b. Reviewed baseline ventilator parameters

9. Catheter preparation
a. Attached suction adapter to stopcock
b. Passed catheter 1.5 inch through ETT elbow

10. Avoided contaminating catheter tip when attaching catheter to
ETT

11. Directed catheter to correct lung
12. Advanced outer catheter to 38 at blue lock
13. Confirmed direction and advanced 3–5 cm
14. Safely advanced catheter into wedge position
15. Locked outer catheter in position
16. Lavage

a. Infused saline in 20-mL aliquots
b. Aspirated sample after each aliquot
c. Demonstrated accurate lavage volume

17. Preserving sample
a. Turned off suction
b. Removed sputum trap

18. Catheter withdrawal
a. Retracted catheter from airway
b. Reattached ETT to ventilator

19. Patient post-assessment
a. Reviewed vital signs and ICP
b. Reviewed ventilator parameters

20. Correct lung sampled

*Scoring system: 1 � completed. 0 � not completed.
BAL � bronchoalveolar lavage
ICP � intracranial pressure
ETT � endotracheal tube
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The mean score for phase three was 95 � 5% (p � 0.01),
which represented the effect of the simulation-based train-
ing. The mean score on critical tasks that require psy-
chomotor function improved from 49% in phase one to
93% in phase three (Table 3). The 6 new employees who
received only simulation training in mini-BAL had a mean
score of 96 � 4%.

The mean score for phase four was 92 � 8%, which
reflected skills retention after 90 days (Table 4 and Fig. 4).

The survey results (Table 5) indicate that the RTs’ self-
evaluation of their procedure competence significantly im-
proved after simulation training (Fig. 5), and the number
of RTs who felt uncomfortable with simulation-based train-
ing and testing fell from 28% to zero. Most of the RTs
(76%) believed that simulation will be a necessary part of
re-credentialing in the future.

Discussion

A comparison of the phase-one and phase-two scores
(73% and 77%, respectively) implies that the Web-based
curriculum and video did not significantly impact proce-
dure performance. This would seem to indicate that the
on-line material was ineffective, although the scores from
the on-line test in phase two did validate the participants’
conceptual understanding. A probable cause of this lack of
improvement could be the number of times that the RTs
accessed the Web-based curriculum. We do not know how
often the Web-based materials were reviewed, because the
system was not configured to measure how often the staff
accessed the Web material beyond the initial review and
online test completion.

The complexity of many clinical procedures is not well
understood without first-hand experience. Although mini-
BAL is a relatively common procedure in our institution,
some staff may get limited and inconsistent opportunities
for the repetition required to fully develop and maintain
mini-BAL skill. Even the number of mini-BALs that should
be required to complete training is not well defined, and
the number differs among institutions. The simulation train-
ing in phase three improved mean staff score to 95%, and
the mean score on tasks that require psychomotor function
improved, which suggests that this aspect of mini-BAL
training can be enhanced with simulation (see Table 4).
These psychomotor tasks are critical and can impact sam-
ple quality and patient safety.

Simulation-based training allows trainees to integrate
basic procedure skills, such as ambidextrous maneuvers
and hand-eye coordination maneuvers, into their clinical
technique, and to repeatedly practice in a realistic manner
and setting, with immediate feedback.20,21 This cannot be
easily done in traditional training with patients, given all
their diversity and variability. Some skills follow imme-
diately from conceptual knowledge, whereas others, such
as complex psychomotor activities, must be developed. In
the phase-one testing, which reflected traditional mini-

Table 2. Clinical Experience and Mini-BAL Procedures Previously Performed

Mean � SD Median Maximum Minimum

Phase I
Years of experience 13.4 � 11.1 15.9 36.7 0.1
Number of mini-BAL procedures performed 25.6 � 23.2 15.0 73.0 0.0

Phases II and III
Years of experience 9.1 � 9.9 3.4 37.3 0.1
Number of mini-BAL procedures performed 14.9 � 22.1 5.0 115.0 0.0

Phase IV
Years of experience 13.2 � 11.3 15.7 36.7 0.1
Number of mini-BAL procedures performed 26.6 � 24.3 16.0 78.0 1.0

BAL � bronchoalveolar lavage

Fig. 3. Phase one mean performance score on the simulation tests
for the mini bronchoalveolar lavage procedure, in relation to the
number of mini bronchoalveolar lavage procedures the test-takers
had previously performed. The number of prior procedures per-
formed did not significantly correlate to performance score in the
phase one evaluation.
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BAL training, the number of mini-BALs the RT had per-
formed previously did not correlate to individual perfor-
mance score (see Fig. 3), which may indicate that procedure
performance is more a result of initial training than expe-
rience and that simulation may allow the trainee to climb
the learning curve faster, as suggested by the 6 RTs who
received only simulation training.

The issue of skills retention is intriguing; it is often
difficult to determine how long clinicians maintain their
skills. Knowledge gained via simulation is retained longer
than knowledge gained via lecture.18,22,23 Although a di-
rect comparison of skills retention could not be made be-
tween the phase-one and phase-four evaluations, our data
does indicate that, at least up to 90 days, skills retention is
good after simulation training.

We acknowledge that this study was not designed as a
controlled research trial but rather a quality-improvement
project that had limitations. Our narrow focus on proce-
dural steps and psychomotor skills excluded testing of
cognitive information related to or beyond the procedure,
although that might have identified clinically important
differences between training methods. Our staff had prior
training and bedside experience in mini-BAL, and we eval-
uated the impact of multiple technologies and training meth-
ods, which may have created confusion because of the
potential additive effect of the technologies and methods
and/or differences between them. However, we are con-
vinced our program was effective, because it established
simulation as an objective method of competency verifi-
cation in our department, by focusing on the trainee’s
actual performance and excluding judgment differences
between observers and the variability in patients and set-
tings in clinical competency assessments. Furthermore, the
survey results and changes in performance score indicate a
positive effect on mini-BAL performance and staff atti-
tude.

Completion of our mini-BAL training course does not
necessarily correlate with improved clinical performance.
Although there is currently little evidence that simulation
training improves patient care, common sense would sug-
gest that improved technical skills should lead to fewer
complications and, in a sampling procedure such as mini-
BAL, consistency in sample quality.

We learn best through activities that require our active
participation. Through simulation, trainees are directly en-
gaged and receive immediate feedback and reinforcement.
We envision task-based simulation as a prelude to clinical
practice and an adjunct to skills maintenance.

Several practical questions must be addressed when as-
sessing the feasibility and value of simulation training and
testing, including cost, training needs, available resources,
and number of staff to be trained. Costs will differ widely,
depending on the application. Although trainees and course
developers may prefer the “bells and whistles” of full-

Table 3. Improvement in Mini-BAL Procedure Task Scores That Reflect Psychomotor Function

Psychomotor Skill
Phase I (mean %
among 24 RTs)

Phase II (mean %
among 84 RTs)

Phase III (mean %
among 84 RTs)

Passed catheter 1.5 inch through ETT elbow 58 52 99
Did not contaminate catheter tip 21 30 93
Directed catheter to correct lung 46 59 93
Advanced catheter to 38 at blue lock 75 93 98
Safely advanced catheter into wedge 75 52 95
Correct lung sampled 21 52 80

BAL � bronchoalveolar lavage
RT � respiratory therapist
ETT � endotracheal tube

Table 4. Performance Scores on the Simulation Test for the Mini
Bronchoalveolar Lavage Procedure

Phase Mean � SD % Median % Maximum % Minimum %

I 73 � 10 74 93 57
II 77 � 11 79 100 50
III 95 � 5 96 100 79
IV 92 � 7 95 100 72

BAL � bronchoalveolar lavage

Fig. 4. Mean performance scores on the simulation test for the
mini bronchoalveolar lavage procedure.
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body simulators, departments can maximize their resources
by using “partial task trainers” specific to training goals.
For example, a less expensive head-and-neck model may
have been sufficient for our mini-BAL training, although
it would not have provided a realistic feel of catheter ad-
vancement into the lung or monitoring and manipulation
of physiologic variables.

There are no statutes that require competency verifica-
tion for the respiratory care staff. However, the Joint Com-
mission on Accreditation of Health Care Organizations
and individual states expect that hospitals examine staff
competency and evaluate the safety of the care they de-
liver. Whereas safety improvement and impact on patient

outcome are difficult to assess, immediate improved per-
formance of individuals can be readily discernable. The
usefulness of simulation technology in training and docu-
menting RT competency for quality assurance and accred-
itation should be considered and further studied.

Conclusion

Assessing clinical and procedural skills of RTs remains
a challenge for many respiratory care departments, and
needs to be a priority. Our results suggest that employing
simulation technology within a comprehensive departmen-
tal program can enhance staff training, provide an objec-

Fig. 5. Staff self-evaluation of competence in performing the mini bronchoalveolar lavage procedure.

Table 5. Staff Survey Responses Before and After Simulation Training

Self-Evaluation of Competence and Confidence
Percent Who Selected This Answer

Before Training After Training

Competence
I am an expert in this procedure 4 5
I am competent in this procedure 50 78
I need to improve my skill/competence in this procedure 47 17

Confidence
I am very confident in this procedure 13 24
I am confident in this procedure 62 70
I am not confident in this procedure 25 7

Attitudes About the Simulation Training
Strongly Disagree
(% before/after)

Disagree
(% before/after)

Agree
(% before/after)

Strongly Agree
(% before/after)

In the future, simulation will be a necessary part of
re-credentialing.

NA/0 NA/24 NA/76 NA/0

I am uncomfortable with simulation-based
competency training.

24/76 50/24 19/0 7/0

I am uncomfortable with simulation-based
competency because I do not believe it is valid
form of skills assessment.

29/85 51/16 14/0 6/0

NA - not applicable, because this question was asked only after the training
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tive measure of skill, and potentially improve skill reten-
tion.
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