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INTRODUCTION: Internal medicine residents perform
paracentesis, but programs lack standard methods for
assessing competence or maintenance of competence
and instead rely on number of procedures completed.
This study describes differences in resident competence
in paracentesis over time.
METHODS: From 2016 to 2017, internal medicine resi-
dents (n = 118) underwent paracentesis simulation train-
ing. Competence was assessed using the Paracentesis
Competency Assessment Tool (PCAT), which combines a
checklist, global scale, and entrustment score. The PCAT
also delineates two categorical cut-point scores: the Min-
imum Passing Standard (MPS) and the Unsupervised
Practice Standard (UPS). Residents were randomized to
return to the simulation lab at 3 and 6 months (group A,
n = 60) or only 6months (groupB,n = 58). At each session,
faculty raters assessed resident performance. Data were
analyzed to compare resident performance at each ses-
sion compared with initial training scores, and perfor-
mance between groups at 6 months.
RESULTS: After initial training, all residents met the
MPS. The number achieving UPS did not differ between
groups: group A = 24 (40%), group B = 20 (34.5%), p =
0.67. When group A was retested at 3 months, perfor-
mance on each PCAT component significantly declined,
as did the proportion of residents meeting the MPS and
UPS. At the 6-month test, residents in group A performed
significantly better than residents in group B, with 52
(89.7%) and 20 (34.5%) achieving the MPS and UPS, re-
spectively, in group A compared with 25 (46.3%) and 2
(3.70%) in group B (p < .001 for both comparison).
DISCUSSION: Skill in paracentesis declines as early as
3 months after training. However, retraining may help
interrupt skill decay. Only a small proportion of residents
met the UPS 6 months after training. This suggests using

the PCAT to objectively measure competence would re-
classify residents from being permitted to perform para-
centesis independently to needing further supervision.
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INTRODUCTION

Internal medicine residents perform procedures such as para-
centesis and central venous catheter insertion1–3 yet no uni-
versally accepted method for procedural training or determi-
nation of competence exists. Many residency programs func-
tion under the Halstedian “see one, do one, teach one” meth-
od4, 5 whereby, once a set number of procedures are performed
with supervision, the resident can perform the procedure un-
supervised in perpetuity. Program directors attest to a resi-
dent’s competence by relying on the number of logged proce-
dures, but procedural experience alone has not been shown to
predict competent performance.2, 6

Sawyer et al. have suggested an evidence-based framework
for procedural education and assessment of competence called
“Learn, see, practice, prove, do, maintain.”4 Some programs
have shown success in the first phase of the framework by
creating robust simulation experiences where residents can
learn the requisite procedural knowledge, see and practice in
a simulation setting with feedback, and prove a minimum level
of ability before performing the procedure on live patients2, 3,
7–9. However, many still struggle to define competence for
residents and faculty.10 Sawyer et al. suggest a tool that
combines a skills checklist, global assessment scale, and en-
trustment ratings,4 but there is little published evidence de-
scribing use of such a tool.11 Also concerning is that few
programs have been able to systematically address mainte-
nance of competence.12 Instead, “once signed off, always
signed off” is commonplace. This puts learners and patients
in vulnerable positions where procedural opportunities are
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often sporadic and unpredictable due to factors such as duty
hours, rotating resident schedules, and availability of addition-
al procedural services such as interventional radiology and
peripherally inserted central catheter teams.1, 10, 13, 14 Thus,
potentially dyscompetent15 residents are getting even less
competent over time. Thus, two questions remain: (1) How
can we best measure procedural competence over time? (2)
What is the rate of skill decay for paracentesis?
In this study, we set out to use a novel assessment tool, the

Paracentesis Competency Assessment Tool (PCAT)11, to ex-
amine paracentesis competence in our internal medicine resi-
dency program and to define the time interval at which skill
decay occurs and retraining is necessary.

METHODS

Tool Development

We previously developed and gathered validity evidence for
the Paracentesis Competency Assessment Tool (PCAT)11.
The PCAT contains a skills checklist, global skill assessment
scale, and entrustment scale.4, 11 Prior standard setting work
using the Angoff method16 sets two categorical composite cut-
point scores: the Minimum Passing Standard (MPS) wherein
learners must achieve to perform a paracentesis on patients
with supervision and the Unsupervised Practice Standard
(UPS), reflecting the composite score a learner would achieve
if able to perform a paracentesis without supervision. This
resulted in the MPS set at 19/26 (73%) on the checklist,
combined with an Advanced Beginner rating on the global
scale (2/4) and an Able to Perform the Procedure With Direct
Supervision on the entrustment scale (2/5). The UPS was
similarly set at 23/26 (88%) on the checklist, combined with
an Able rating on the global scale (3/4) and an Able To Perform
The Procedure Without Supervision on the entrustment scale
(4/5).11 The tool was piloted to ensure good interrater reliabil-
ity prior to being used in real time (see Supplemental
Appendix).

Study Design

The study was approved by the University of Cincinnati
Institutional Review Board. Our program includes 123 Inter-
nal Medicine and Medicine-Pediatrics residents. Residents
train at University of Cincinnati Medical Center and the Cin-
cinnati Veterans Affairs Medical Center (VAMC). All resi-
dents rotate on services that may require completion of para-
centesis, and were thus all eligible for enrollment. This study
took place from September 2016 to June 2017.
To participate in the study, residents provided written in-

formed consent. Of the 123 residents eligible, 118 provided
consent and enrolled in the study (Fig. 1).
Following Sawyer’s framework,4 learners were scheduled

for individual training simulation sessions. Sessions took place
at the simulation laboratory in the VAMC using a Blue

Phantom Paracentesis Ultrasound Training Model (Item #
BPPara1301, https://www.bluephantom.com/). Prior to indi-
vidual training simulation sessions, we instructed learners to
watch online modules and demonstration videos. On arrival to
the simulation center, learners again viewed demonstration
videos. Learners practiced completing a therapeutic paracent-
esis procedure with instructor feedback as many times as
needed, until they felt ready to attempt a final performance.
This final performance score using the PCAT served as their
baseline score.
After initial training, residents were randomized to return to

the simulation lab 3 and 6 months later (group A, n = 60) or
only 6 months later (group B, n = 58). There were no signif-
icant differences in gender or class year between groups
(Table 1).
Residents in group A returned to the simulation center

within 3 months of their initial training date. There were no
pre-work requirements prior to returning for this session. On
arrival to the simulation center, residents were instructed to
perform a therapeutic paracentesis from start to finish without
any instructor feedback. Faculty raters assessed performance
using the PCAT in real time. This served as the “three-month
score.” After the performance, faculty reviewed the assess-
ment with the learners, and learners were able to practice steps
done incorrectly with continued feedback.
Both groups (groups A and B) were scheduled to return to

the simulation lab 6months from their initial training date for a
final test. The same approach from the 3-month testing ses-
sions was used for the 6-month sessions.
One resident did not complete the 3-month session and a

total of six residents did not complete their 6-month testing
session due to factors such as early graduation and scheduling
conflicts. All remaining residents (n = 112) completed their
scheduled sessions in the appropriate time frames (mean time
between initial and 3-month session was 92.0 days; mean time
between initial and 6-month session was 180.3 days).
General Internal Medicine faculty credentialed to perform

paracentesis volunteered (n = 18) to rate and help train the
residents. Prior to completing any ratings, faculty underwent
a 1-h standard rater training session. This involved a discus-
sion of the PCAT, study goals, and rating a video performance
using the PCAT followed by a debriefing discussion with the
PI (DS). Aside from the PI, faculty raters were blinded to
which training group each resident was randomized to at the
6-month test. Raters and residents were staggered such that the
same rater did not rate the same resident twice. However, nine
unblinded evaluations were performed by the PI due to last
minute faculty scheduling conflicts.

Statistical Analysis

Descriptive statistics were used to compare baseline character-
istics between training groups. For performance on each
PCAT component over time, Student’s t test was used. The
chi-square test was used to evaluate the proportion of residents
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meeting either the MPS or UPS over time. For all measure-
ments, significance was set at p < 0.05. Analysis was complet-
ed using R (R Core Team (2013). R: A language and environ-
ment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL http://www.R-project.org).

RESULTS

Following the initial simulation training session, there were no
statistically significant differences on average scores on each
PCAT component between groups (Table 2). Since a require-
ment of completing training was to achieve the MPS, all
residents in both groups accomplished this after one session.
The proportion of residents who met criteria for UPS was also
not significantly different between groups (Fig. 2).
At the 3-month session, group A showed significant decline in

performance compared with their initial training scores (Table 2;
Fig. 2). This was observed for average performance on each
PCAT component, as well as for the proportion of residents
meeting criteria for either the MPS or UPS. When group A was
retested at 6 months, performance on each PCAT component was
not significantly different from performance after initial training.
The proportion of residents achieving the MPS improved com-
pared with the 3-month test, but was still significantly less than

after initial training (p=0.03). The proportion of residents who
achieved the UPS at 6 months, however, was not significantly
different compared with after initial training (p=0.67).
At 6 months, group B had significantly lower performance

on every PCAT component compared with initial training
(p < .01 for all comparisons; Table 2). The proportion of
residents who met criteria for both the MPS and UPS also
significantly declined (p < .001 for both comparisons; Fig. 2).
When compared head-to-head at 6 months, group A per-

formed significantly better on all components of the PCAT
compared with group B (Table 2; p < .001 for each
comparison). Of the residents that initially met criteria for either
the MPS or UPS after training, the proportion who still met
criteria for both categories was higher in group A than in group
B (Fig. 2; p < .001 for both comparisons). When non-blinded 6-
month ratings were removed as part of a sensitivity analysis,
scores still significantly declined on each PCAT component
between groups, and the proportion of residents meeting MPS
and UPS was less in group B as compared with that in group A.

DISCUSSION

Some studies show that procedural skills can be retained after
initial training.17–21 However, this finding is not uniform. Our
study adds to the literature showing decay in other technical
skills like surgery,22, 23 cardiopulmonary resuscitation,24, 25

transthoracic echo,26 and central venous catheter placement.27,
28 Our findings suggest that paracentesis performance decays
as quickly as 3 months, with mean scores on all three PCAT
components declining at 3 months compared with initial train-
ing. This difference may be clinically significant given that the
proportion of residents who achieved either the MPS or UPS
also significantly declined. This is alarming, given the

Figure 1 Flow chart of study process.

Table 1 Participant Demographics After Randomization

Demographic Group
A

Group
B

p
value

Gender Female 30 26 0.70
Male 30 32

Post-graduate year
(PGY)

PGY 1 22 23 0.73
PGY 2 18 18
PGY 3 15 15
PGY 4 5 2
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interruption of consecutive procedural opportunities for resi-
dents, which often extends beyond 3 or 6 months.
When those that were tested and trained again at 3 months

(group A) returned for their final 6-month test, they performed
better than those in group B. This is consistent with other
studies that show repeated retraining sessions may help inter-
rupt skill decay.29, 30 Additionally, while those in group A

initially meeting criteria for MPS showed significant decay
compared with initial training, those who met criteria for UPS
did not. Others have shown differences in individual learning
curves for complex skills31 and how this might affect skill
decay32, 33, and our findings may suggest that those with
higher baseline skills will need less frequent training sessions
as time progresses. However, individual differences in skill

Table 2 Performance by Training Group Over Time

Time point Training group Checklist score p value Global assessment score p value Entrustment score p value

Initial A 23.12 0.83 2.65 0.87 3.12 0.42
B 23.05 2.67 2.97

3 months A 19.95 < .001 2.32 0.03 2.63 0.01
6 months A 22.47 < .001 2.74 < .001 3.14 < .001

B 19.00 2.07 2.33

Scores by PCAT component for each training group at initial training, the 3-month session (group A only), and the 6-month session. At the initial and 6-
month time point, p values compare performance between groups A and B. At the 3-month time point, p values compare performance of group A
participants on their initial scores to their 3-month scores
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Figure 2 Graphical representation of decline in those achieving either the Minimum Passing Standard (a) or the Unsupervised Practice
Standard (b) between groups over time. a Comparison between those achieving the Minimum Passing Standard (MPS) between training

groups after initial training and at the 3-and 6-month tests. All residents achieved the MPS after initial training. At the 3-month test (group A
only), a significantly lower proportion of residents achieved the MPS compared with initial training (n = 31, 52.5%, p < .001). At the 6-month
test, a higher proportion of learners in group A retained criteria for MPS (n = 52, 89.7%) than those in group B (n = 25, 46.3%; p < .001). b
Comparison between those achieving the Unsupervised Practice Standard (UPS) between training groups after initial training and at the 3- and
6-month tests. The proportion of residents achieving UPS after initial training was not different between groups: group A, n = 24 (40%)

compared with group B, n = 20 (34.5%), p = 0.67. At the 3-month test (group A only), a significantly lower proportion of residents achieved the
UPS compared with initial training (n = 8, 13.6%, p = .002). At the 6-month test, a higher proportion of learners in group A retained criteria for
UPS (n = 20, 34.5%) than those in group B (n = 2, 3.7%; p < .001). In general, the proportion of residents achieving UPS was low at all time

points.
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decay were not a primary focus of this work, and thus pro-
grams may have to create more broad retraining programs for
all residents initially.
Another key finding was the small number of residents across

class years deemed competent for unsupervised practice. After
initial training, when performance should be at its highest, only
37.3% of learners (n = 44) achieved UPS. This represented 5
interns (11.1%), 18 PGY-2s (50%), 15 PGY-3s (50%), and 6
PGY-4s (85.7%). Alarmingly, this further declined to 19.6% of
learners (n = 22) at 6 months. These 22 learners were comprised
of 2 interns (4.8%), 6 PGY-2s (14.1%), 10 PGY-3s (35.7%), and
4 PGY-4s (57.1%). In our residency program’s prior process for
determining competence (performing three paracenteses on live
patients), almost all senior residents and many interns would
have been deemed competent without any objective assessment
and regardless of time between procedural encounters. This lack
of objective competence may help explain other studies that
have found residents lack self-confidence in performing proce-
dures or supervising others.34, 35 When programs lack more
objective measures of competence, and instead rely on proce-
dural numbers as surrogates for competence, unprepared learn-
ers are often put in positions where they may lack sufficient skill
to perform a procedure safely. When this is compounded with
time between procedural opportunities, the risk is even greater.
We hope that use of our tool and our findings will give other

programs a framework for training and retraining learners, as
well as assessing skill level more objectively. However,
retraining learners every 3 months in the simulation setting is
resource-intensive, and programs may not have the funds or
faculty time to make this feasible. A reasonable alternative
may be just-in-time training36, 37 before procedure heavy
rotations like the intensive care unit. However, this approach
may fail to capture procedures like paracentesis that can occur
sporadically throughout different ward rotations and would
need further study.

Limitations

Our study has several limitations. First, all procedure assess-
ments occurred in the simulation setting. Procedures per-
formed on live patients likely introduce different challenges
that may affect resident competence over time. Second, assess-
ments from a minimal number of simulated or live procedures
are unlikely to be enough to make summative decisions of
competence.38, 39 Rather, multiple performances on the PCAT
in the simulation and live setting will likely be most beneficial
to track performance over time and use aggregate assessment
data to make such decisions. Future studies are needed to
examine how many simulated and live assessments over time
are required to make confident summative decisions and for
how long one is certified after such decisions before additional
assessment should occur. Third, we did not track live patient
procedural opportunities between groups over time, and in-
stead chose to examine the data in an intent-to-treat type
fashion. Since we now require faculty supervision for all live

procedures, residents have less incentive to log procedures (i.e.,
logging a certain number will not automatically permit them to
perform the procedure independently). As a result, resident logs
have been unreliable in our program and we did not want to
introduce recall bias into our results. Fourth, nine ratings at the
6-month test were unblinded due to faculty rater scheduling
conflicts. However, to compensate for this, we performed a
sensitivity analysis that did not show any significant change in
the results. Finally, six learners were lost to follow-up during the
study due to scheduling conflicts, illness, or early graduation.
However, the number was small and relatively evenly distrib-
uted between study groups and did not likely affect the results.

CONCLUSIONS

We found that using an evidence-based assessment framework
for evaluating paracentesis competence would likely reclassify
many learners previously deemed competent to perform para-
centesis unsupervised to those who continue to need training and/
or supervision. Additionally, significant skill decay occurred as
early as 3 months, although further decay was mitigated with
retraining. Procedural competence requires frequent retraining,
and programs need to determine how best to implement such
training with potentially limited resources. Further study is need-
ed to see if these trends persist in the live environment.
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