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ABSTRACT
Objectives Hospitalists are expected to be competent 
in performing bedside procedures, which are associated 
with significant morbidity and mortality. A national 
decline in procedures performed by hospitalists has 
prompted questions about their procedural competency. 
Additionally, though simulation- based mastery learning 
(SBML) has been shown to be effective among trainees 
whether this approach has enduring benefits for 
independent practitioners who already have experience 
is unknown. We aimed to assess the baseline procedural 
skill of hospitalists already credentialed to perform 
procedures. We hypothesised that simulation- based 
training of hospitalists would result in durable skill gains 
after several months.
Design Prospective cohort study with pretraining and 
post- training measurements.
Setting Single, large, urban academic medical centre in 
the USA.
Participants Twenty- two out of 38 eligible participants 
defined as hospitalists working on teaching services where 
they would supervise trainees performing procedures.
Interventions One- on- one, 60 min SBML of lumbar 
puncture (LP) and abdominal paracentesis (AP).
Primary and secondary outcome measures Our 
primary outcome was the percentage of hospitalists 
obtaining minimum passing scores (MPS) on 
LP and AP checklists; our secondary outcomes 
were average checklist scores and self- reported 
confidence.
Results At baseline, only 16% hospitalists met or 
exceeded the MPS for LP and 32% for AP. Immediately 
after SBML, 100% of hospitalists reached this 
threshold. Reassessment an average of 7 months later 
revealed that only 40% of hospitalists achieved the 
MPS. Confidence increased initially after training but 
declined over time.
Conclusions Hospitalists may be performing 
invasive bedside procedures without demonstration 
of adequate skill. A single evidence- based training 
intervention was insufficient to sustain skills for the 
majority of hospitalists over a short period of time. 
More stringent practices for certifying hospitalists 
who perform risky procedures are warranted, as 
well as mechanisms to support skill maintenance, 
such as periodic simulation- based training and 
assessment.

BACKGROUND
Internists who care for hospitalised patients, 
known as hospitalists, are ideally competent 
in bedside procedures. Accordingly, the 
Society for Hospital Medicine has defined 
performance standards for five invasive 
procedures: arthrocentesis, lumbar puncture 
(LP), abdominal paracentesis (AP), thora-
centesis and central venous catheterisation.1 
However, how hospitalists should achieve and 
maintain procedural competency remains ill 
defined,2 despite the significant morbidity 
and mortality associated with procedures.3–5 
For instance, 2%–5% of APs are complicated 
by bleeding,4 bowel injury6 or persistent ascitic 
leakage,4 whereas about 20% of LPs can be 
complicated by minor complications such as 
postprocedural headache,7 or major compli-
cations in 2%–7% of cases, such as parapa-
resis, severe back pain, secondary meningitis 
or bleeding leading to spinal haematoma.7 8 
Additionally, studies showing two decades of 
declining volume among internists (which 
included hospitalists and primary care physi-
cians)9 10 contribute to concerns about their 
procedural competency.11 12 In contrast to a 
growing literature on metrics used to assess 
hospitalist performance in non- procedural 
realms,13–16 there has been no previous objec-
tive skills assessment of hospitalists who are 
already permitted to perform procedures, an 

Strengths and limitations of this study

 ► The investigators relied on procedural checklists 
that have been used in multiple publications and 
have undergone formal standard setting procedures 
to determine competence thresholds.

 ► The raters were blinded to pretraining and post- 
training status.

 ► The sample size was small.
 ► There was significant participant attribution at time 
of delayed reassessment.
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assertion supported by a recent literature review on the 
topic.17

Simulation- based mastery learning (SBML) is a 
recognised procedural training paradigm18–21 whereby 
clinicians practice and are coached to the point of 
proficiency on simulators without risk to patients. This 
approach can help address performance deficits among 
physicians and has the potential to augment skill gained 
primarily through experience. However, most research 
examines SBML’s impact in trainees,22 23 who are gener-
ally true novices and tend to produce large effect sizes 
since they function at the steep portion of the learning 
curve.24 25 These studies do not include independently 
practising physicians who have already had prior experi-
ence with these procedures and for which training could 
be equated to booster training. Additionally, despite the 
well- established phenomenon of technical skill decay,26 27 
no study has assessed skill retention in this population, 
especially in the setting of low procedural volumes. The 
limited available research on the natural history of tech-
nical skills among attending physicians has focused on 
difficult airway management among clinicians who have 
a significant procedural component to their usual prac-
tice.28 29

We aimed to address two gaps in the literature. We 
wished to assess baseline procedural competence of 
hospitalists with prior experience in LP and AP who have 
been credentialed with the expectation that they can 
safely perform procedures. Second, we aimed to measure 
the impact of simulation- based training on the durability 
of hospitalists’ skills to perform these procedures. We 
hypothesised that we would observe a sustained perfor-
mance among the participants, as defined by >50% still 
exceeding the Minimum Passing Score (MPS).

METHODS
Study setting
We conducted a prospective cohort study of hospitalists in 
a large urban academic medical centre from July 2013 to 
March 2015. We chose to focus on LP and AP, which were 
two of the three invasive procedures expected of hospi-
talists at our institution (the other being joint arthro-
centesis). To maintain procedural privileges, hospitalists 
must perform two LPs and two APs within each 2- year 
credentialing cycle, which is verified by billing data and 
procedural notes in the electronic medical record.

Patient and public involvement
As this was not a clinical research study, we did not involve 
patients or the public in the design and execution of the 
study.

Study participants
The primary inclusion criterion was hospitalists at our 
urban- based, academic medical centre who spent any 
amount of time attending on the teaching service, during 
which period they would have responsibility supervising 

residents performing procedures. We were intentionally 
inclusive to give all hospitalists the opportunity to receive 
training. The only exclusion criterion was not being able 
to participate in the initial simulation- based training.

Study measures
Our primary outcome was the percentage of hospitalists 
obtaining passing scores on LP and AP checklists. Our 
secondary outcomes were average checklist scores and 
self- reported confidence. We relied on published check-
lists for which MPS had been defined for both proce-
dures using robust standard- setting procedures; validity 
evidence for both checklists and the MPS had been 
substantiated through their use across multiple studies. 
The LP checklist had a maximal score of 21 and a prede-
termined MPS of 1821; the AP checklist had a maximal 
score of 25 and an MPS of 21.18 We conducted a sample 
size calculation based on the prior studies on trainees 
but lowered our expectations of the pre–post effect size, 
given that our participants were not true novices; no liter-
ature among hospitalists’ procedural skill was available to 
support this adjustment and thus our estimate was rela-
tively arbitrary and intentionally conservative. Our calcu-
lation showed that 18 participants entering this study 
would have 80% power to detect a difference in check-
list scores at a two- sided 0.05 significance level, if the true 
difference between pretraining and post- training were 4 
points (approximately 50% of the increase in checklist 
scores among novices) and the assumption that within- 
subject SD was 4 points (corresponding to a large effect 
size of 1.0).

To ensure participation across a spectrum of confi-
dence levels among our faculty, we designed a survey and 
piloted the instrument among three hospital medicine 
colleagues who elected to not participate in the study. The 
primary questions were: ‘Please rate your confidence in 
performing an LP on a scale of 1–5 (not at all, minimally, 
somewhat, fairly, very)’ and ‘Please rate your confidence 
in supervising an LP on a scale of 1–5.’ We repeated the 
question for AP.

Intervention
We recruited volunteers among our group of 38 hospital-
ists via email and an in- person staff meeting, describing 
the project aims, processes and benefits/risks of partici-
pation. After obtaining written consent, we administered 
the survey to study participants in- person before training. 
We also collected demographic data (age, gender, years 
since residency) and the number of procedures each 
clinician recalled performing in the prior year. We then 
oriented participants to the procedural simulators that 
we would use both for training and assessment during 
the study. We videotaped participants performing LP 
and AP on these simulators to assess pretraining perfor-
mance, which we considered to represent their baseline 
competence. One of the coauthors was physically present 
but did not intervene to give guidance or feedback on 
the procedure. The video camera was also intentionally 
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angled to avoid capturing faces so that participants would 
remain anonymous to raters.

Immediately after the baseline assessment, participants 
received one- on- one, 60 min simulation- based training 
for each procedure by one of 3 instructors (CH, JC and 
AV), employing Peyton’s four- step model of procedure 
training as an educational framework.30 Training began 
with participants viewing published LP and AP videos.31 32 
The instructor then demonstrated the procedure on the 
simulator, verbalising each of the steps as listed on the 
checklist and in that specific order. The instructor then 
allowed the participant to practice on the simulator, 
while providing direct, specific feedback on the steps. We 
allowed the participants to practice as many times as they 
desired, either on particular steps or on the entire proce-
dure from start to finish. In accordance with mastery 
learning practices,22 once a participant reported that they 
had had sufficient practice, the instructor assessed their 
performance against the checklist. If they did not achieve 
the MPS (ie, 18 points for LP, 21 points for AP), they then 
iteratively received direct feedback and targeted practice 
on the steps that were not achieved until they were able 
to independently complete the entire procedure with 
achievement of the MPS. They completed the survey 
in- person again immediately after training concluded.

We sent individual emails with multiple reminders to 
all participants to schedule reassessments 6 months after 
initial SBML. The subset of participants who responded 
were scheduled for delayed reassessment. At that time, 
participants performed LP and AP on simulators while 
being videotaped. They also repeated the self- confidence 
survey.

Two trained raters (DNR and JIM) independently 
reviewed all the videos at the end of the study, namely 
after completion of both baseline and delayed assess-
ments. They scored participants’ performance using the 
checklists. Thus, they were blinded to participant identity 
and timing (baseline vs delayed assessment). We calcu-
lated inter- rater reliability using inter- rater agreement 
and kappa statistics.

Analysis
We tabulated participant characteristics. We used 
Wilcoxon rank sum tests to compare mean checklist 
scores at baseline and delayed reassessment, and we 
used χ2 or Fisher’s exact tests to compare proportions of 
hospitalists meeting the MPS. Inferential statistics were 
performed using Stata V.12.0.

RESULTS
Baseline performance
Twenty- two of 38 eligible hospitalists participated. The 
average age was 36.5 (31–46) years. Participants reported 
an average of 5.9 (range 1–14) years in practice. At base-
line, only 3 (16%) and 6 (32%) hospitalists achieved 
MPS for LP and AP, respectively. Participants scored on 
average 15 out of 21 items on the LP checklist and 17 out 

of 25 on the AP checklist. The cohort cited only moderate 
levels of comfort performing and supervising LP and AP, 
respectively (range 50%–58% reporting ‘fairly’ or ‘very 
comfortable’) (table 1) with a mean response of ‘some-
what’ comfortable for each procedure, respectively.

Delayed reassessment
Skills reassessment skills occurred at a mean of 7 months 
post- training (table 2). We were only able to schedule 10 
hospitalists given limited availability in the simulation 
centre. The number of hospitalists achieving passing 
scores was 40% and 40% for LP and AP, respectively. 
They attained average scores of 16 and 20 for LP and AP, 
respectively.

Procedural confidence
Confidence performing and supervising LPs and APs 
increased immediately after SBML and declined by the 
time of delayed reassessment, but not fully to baseline 
(figure 1). The inter- rater agreement and inter- rater reli-
ability via the kappa statistic for overall checklist scores 
were 0.87 and 0.62 for LP and 0.81 and 0.29 for AP, 
respectively.

DISCUSSION
In our cohort study of academic hospitalists undergoing 
SBML training for bedside procedures, most did not meet 
predefined thresholds for LP and AP competence at base-
line. Fewer than half maintained procedural competency 
several months after simulation- based training. Confi-
dence increased immediately after training but then 
diminished. Our work is the first to document low levels 
of procedural competence among academic hospitalists 
already credentialed to perform procedures on patients 

Table 1 Baseline characteristics of hospitalists 
participating in simulation- based procedural training

Lumbar puncture Paracentesis

n (%) n (%)

No of participants 19 (100) 22 (100)

Female participants 13 (68) 14 (64)

Mean SD, range Mean SD, range

Age 36.5 5.1, 31–46 36.6 5.4, 31–46

Years out of residency 5.9 4.5, 1–14 5.6 4.0, 1–14

Self- reported 
procedural experience 
in the past 12 months

2.8 2.8, 0–10 2.2 2.9, 0–10

Comfort performing 
procedure (no reporting 
‘fairly’ or ‘very 
comfortable’)

10 (53) 11 (50)

Comfort supervising 
procedure (no reporting 
‘fairly’ or ‘very 
comfortable’)

11 (58) 11 (50)
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and to show the limited durability of SBML in the setting 
of low procedural volumes.

We were not surprised that our clinicians, consisting 
largely of early- career physicians from diverse 
programmes, did not perform adequately at baseline. 
The American Board of Internal Medicine has since 2006 
mandated only that residents know how to perform certain 
procedures, rather than achieve a technical competency 
standard; most hospitalists who participated in this study 
completed residency after this policy revision. Of note, a 
more recent proposal to eliminate identifying the core 
set of procedures altogether remains underway.33 These 

regulatory shifts have resulted in residents graduating 
without the expectation of psychomotor skill as indepen-
dent providers, creating a pipeline of hospitalists unpre-
pared to perform or teach LP and AP. Additionally, the 
items most commonly missed on the checklists related 
to cognitive elements—ordering the appropriate studies 
and alerting the nurse about the completion of the proce-
dures; these aspects of a diagnostic procedure are essen-
tial but may have been neglected in the overemphasis on 
psychomotor skills.

Additionally, we suspect that hospitalists being unable 
to sustain procedural competency was likely due to lack of 
ongoing experience. While we did not audit their proce-
dural volume in the intervening 7 months, the number 
of procedures our participants self- reported in the year 
prior to our study were quite low (2.8 for LP, 2.2 for AP), 
and these numbers are similar in magnitude to an audit 
we conducted in 2012 (average 2.7 for LP, 1.9 for AP 
among hospitalists who billed for procedures). If repre-
sentative of the procedures available to them, hospitalists 
would have had scarce opportunity to benefit from the 
booster effect of procedural volume on skill refinement.34 
In the current day, our procedural volume continues to 
be low, averaging less than 1 AP and about 1 LP per hospi-
talist per year, mirroring the national decline in proce-
dural volume for practising internists.10 An alternative 
explanation for the lack of sustained competency could 
potentially relate to a focus on ‘teaching to the checklist,’ 
which may have hindered the ability for hospitalists to 
see the procedure as an integrated whole; alternatively, 
insufficient adoption of the checklist in clinical practice 
could have resulted in weak skill retention.35 36 However, 
the SBML approach has extensive research evidence in 
its support,22 and we abided by its principles closely. We 
speculate that for low- frequency procedures, procedural 
experience may play just as large a role in maintaining 
skill as training itself.

Our finding related to hospitalists’ skill decay has no 
analogue in the literature but is supported by studies 
in other populations that have examined retention of 
psychomotor performance. Many studies (with one 
notable exception37 have shown that Advanced Cardiac 
Life Support (ACLS) skills decay quickly,38–40 though 
arguably ACLS is more a cognitive skill with some tech-
nical aspects than it is a complex procedural skill. One 
published abstract on skill retention after LP training 
for neurology residents showed that performance scores 
remained significantly elevated 1 year later but they did 
not maintain mastery standards19; neurology residents 
likely perform LPs at a higher volume and frequency and 
thus are not readily comparable to hospitalists. Another 
study of nephrology fellows inserting haemodialysis cath-
eters41 affirmed that, based on the observation of skill 
decline at 1 year, a 6- month booster training would be 
recommended. Most recently, a study of internal medi-
cine residents trained in paracentesis skills showed that 
skill decay was mitigated if booster training occurred at 3 
months rather than 6 months.42 These two investigations 

Table 2 Hospitalists’ technical performance on lumbar 
puncture and paracentesis simulators, at baseline and 
several months after simulation- based training

Lumbar puncture Paracentesis

Baseline performance

  No of hospitalists with 
passing scores, n (%)

3 (16) 6 (32)

  Mean scores (SD, 
range)

15.7 (2.1, 11–19) 17.9 (4.6, 9–25)

Immediate post- training performance

  No of hospitalists with 
passing scores, n (%)

19 (100) 22 (100)

Several months after simulation- based training (n=10)

  No of hospitalists with 
passing scores, n (%)

4 (40) 4 (40)

  Mean scores (SD, 
range)

16.4 (2.7, 13–20) 20.1 (2.3, 16–24)

P- values

  Percent passing, pre 
vs delayed post

0.193 0.698

  Scores, pre vs delayed 
post

0.472 0.268

The minimum passing scores for lumbar puncture and 
abdominal paracentesis were 18 out of 21 and 21 out of 25, 
respectively.

Figure 1 Confidence score (range 1–5) performing and 
supervising lumbar punctures and abdominal paracentesis, 
at baseline, after training and at the time of delayed 
reassessment. LP, lumbar puncture.
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shed light on the impact of booster training on proce-
dural skills in nonsurgeons but are imperfect as proxies 
for hospitalists, who are no longer trainees and have accu-
mulated more experience. Insights from studies on moni-
toring hospitalist performance in non- procedural skills 
are also germane in concept, as they focus on collecting 
and reporting objective individual- level16 and group- level 
metrics,13 approaches applicable to procedural compe-
tence tracking. Ultimately, our study examines a popu-
lation that has been overlooked in terms of ensuring 
competence, while highlighting the practical realities 
that must be overcome for the scalability of this work for 
other hospital medicine groups.

Limitations of our study include our single institu-
tional setting and underpowered results due to small 
sample size, including uneven numbers of participants 
for the two procedures. Our power calculation required 
making an assumption about skills gain without literature 
support. Volunteerism may have selected for individuals 
less comfortable with procedural skills, and we did not 
compare demographics or procedural experience data 
from non- participants to quantify the degree of selection 
bias. Our study was also constrained with respect to the 
ultimate goal of assessing true competence; though we 
also measured procedural confidence, this construct is 
well known not to correlate with true competence. Our 
simulation- based skills assessment may not be an accurate 
proxy for performance in real- world settings, and we did 
not collect data on the actual procedures performed by 
the study participants after training, such as number of 
needle passes, time to completion or complication rates. 
Furthermore, measurement of complication rates would 
not be a sensitive indicator of competence, given the low 
volume of procedures performed each year. The inter- 
rater reliability for AP was unexpectedly low and may 
have stemmed from challenges we faced having a static 
video camera capture all angles of the procedure being 
performed. Additionally, we noted that the kappa statistic 
was low despite high inter- rater agreement (>0.80 for both 
procedures); this pattern is characteristic of instruments 
with low variability, termed the ‘Kappa paradox,’43 44 and 
in hindsight, we should have measured inter- rater agree-
ment alone. We experienced a significant attrition of 
participants between the pre- test and the delayed reas-
sessment due to a myriad of factors that speak to chal-
lenges for research among attending physicians (eg, 
simulation centre constraints, hospitalist and instructor 
scheduling availability), which may have biased the 
results either toward hospitalists sufficiently confident in 
their skills to undergo reassessment or towards physicians 
unsure about their skill level. We did not track proce-
dural volume in the intervening months between training 
and retesting, which would have disclosed the extent to 
which hospitalists had occasion to apply their training. 
We did not systematically teach or assess ultrasound skill, 
which has become a standard of care for AP. We did not 
measure performance beyond 7 months to delineate the 
natural history of procedural skills over time. We did not 

specifically investigate the benefit of interval, repeated 
SBML compared with a single episode of training.

These early- stage findings in an overlooked line of 
inquiry test the assumption that hospitalists are equipped 
to perform in- hospital procedures and supports an argu-
ment to systematically assess their baseline technical skills 
as a part of the credentialing process. Recommenda-
tions to augment hospitalists’ procedural skill sets have 
included booster training, frequent interval assessment 
and the development of core ‘proceduralists’.11 17 45–47 
Evidence- based tactics for mitigating skill decay at the 
time of initial training include using visual or verbal cues 
for recognition and behavioural feedback.26 A prospec-
tive research agenda should include an examination of 
the contribution of procedural experience to hospitalists’ 
skills over time, a comparison of academic and commu-
nity hospital settings, where practice scope may differ, and 
a time- series analysis to determine the optimal frequency 
of procedural training to maintain competence. It is 
also important to note that neither credentialing nor 
fixed- interval assessment addresses the fact that individ-
uals learn psychomotor skills at different rates and that 
various factors will influence the slope of skill decline. 
Thus, future initiatives should consider levelling of hospi-
talists according to frameworks of skill acquisition.48

The workforce culture of healthcare is such that physi-
cians graduated from residency are assumed to be profi-
cient practitioners, technical skills being no exception. 
Institutions (and patients) continue to presume that 
hospitalists have adequate skill in this domain. Our work, 
although quite limited in size and scope, challenges this 
notion by documenting poor procedural skill at baseline 
and marginal benefit from single- episode training. Over-
looking this potential source of medical error may signifi-
cant consequences on hospitalised patients, who may not 
question the technical skill of their bedside physicians.
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