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ABSTRACT

Background Pediatric residents must demonstrate competence in several clinical procedures prior to graduation, including

simple laceration repair. However, residents may lack opportunities to perform laceration repairs during training, affecting their

ability and confidence to perform this procedure.

Objective We implemented a quality improvement initiative to increase the number of laceration repairs logged by pediatric

residents from a baseline mean of 6.75 per month to more than 30 repairs logged monthly.

Methods We followed the Institute for Healthcare Improvement’s Model for Improvement with rapid plan-do-study-act cycles.

From July 2016 to February 2018, we increased the number of procedure shifts and added an education module on performing

laceration repairs for residents in a pediatric emergency department at a large tertiary hospital. We used statistical process control

charting to document improvement. Our outcome measure was the number of laceration repairs documented in resident

procedure logs. We followed the percentage of lacerations repairs completed by residents as a process measure and length of stay

as a balancing measure.

Results Following the interventions, logged laceration repairs initially increased from 6.75 to 22.75 per month for the residency

program. After the number of procedure shifts decreased, logged repairs decreased to 13.40 per month and the percentage of

lacerations repaired by residents also decreased. We noted an increased length of stay for patients whose lacerations were

repaired by residents.

Conclusions While our objective was not met, our quality improvement initiative resulted in more logged laceration repairs. The

most effective intervention was dedicated procedure shifts.

Introduction

Pediatric residents must achieve competence in 13

procedures, including simple laceration repair, ac-

cording to the Accreditation Council for Graduate

Medical Education (ACGME) Common Program

Requirements.1 More than 75% of pediatric residen-

cy program directors rated resident ability to repair

lacerations as highly important.2 Nationally, nearly

90% of graduating pediatric residents feel comfort-

able performing this procedure independently.3 More-

over, practicing general pediatricians may perform

this procedure at least once per year.4

The ACGME annual survey of graduating residents

from 2015 to 2017 demonstrated only 63% of our

pediatric residents agreed or strongly agreed they

were well prepared to repair a simple laceration,

which is well below the national average of 90%.3

Thus, many of our pediatric residents felt they

graduated without adequate training to independently

perform this procedure. Prior to this quality improve-

ment (QI) project, our graduating residents logged an

average of 2.6 laceration repairs total during training,

fewer than our institution’s recommendation of 5

repairs. A review of electronic health records (EHRs)

and discussion with the chief residents suggested the

suboptimal numbers of logged repairs stemmed from

limited clinical opportunities to perform repairs, as

opposed to a failure of residents to log completed

repairs.

Our pediatric emergency department (PED) utilizes

a procedure technician program to decrease the

procedural burden on physicians.5 Technicians com-

plete a variety of procedures, including the majority

of laceration repairs. Despite this program’s initial

goal to balance residents’ education with clinical

demands, its success may have decreased pediatric

residents’ exposure to laceration repairs within our

institution. Trainee procedural competence is a

common concern for other programs as well. Training

institutions have approached this issue with boot

camps, simulation, and education modules.6–9 Video-

based learning and live workshop training resulted in

similar suturing scores.6 Simulation opportunities

may improve self-reported confidence and compe-

tence with variable retention.8,9 We chose to utilizeDOI: http://dx.doi.org/10.4300/JGME-D-19-00331.1
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the flexibility and adaptability of a QI project to

address this concern.

Our specific aim was to increase the number of

laceration repairs logged by all pediatric residents

from a baseline mean of 6.75 laceration repairs

logged per month to greater than 30 by the end of

2018 using established QI principles and processes.

Methods
Context

This study took place at a large tertiary PED with an

annual volume of 90 000 patients. The institution

trains 110 categorical pediatric residents. The inter-

vention portion of the study was July 2016 to

February 2018.

Interventions

A multidisciplinary team determined key drivers and

planned interventions according to the Institute for

Healthcare Improvement (IHI) method (FIGURE 1).

The team selected a goal of 30 laceration repairs

logged per month for the residency, with the

reasoning that if reached, this goal would allow for

each graduating resident to likely have averaged

double the number of repairs the residency program

recommends as a minimum (5). We defined a ‘‘logged

laceration repair’’ as one entered in the residency’s

procedure tracking system, which reports residents’

laceration repair numbers to the ACGME. Three

interventions using the plan-do-study-act cycle model

were implemented (FIGURE 2) and are outlined

below.10

The first intervention in June 2016 addressed

institutional culture. PED physicians were notified

of trainees’ insufficient laceration repair numbers and

ACGME concerns. The importance of balancing

resident education with patient care was stressed to

the procedure technicians, who then supported

trainees by assisting and setting up equipment.

Finally, the procedural goal of 5 laceration repairs

logged by each resident throughout residency was

emphasized to residents and attendings.

The second intervention in July 2016 increased the

number of dedicated procedure shifts from 1 to 3 per

resident in the PED each month. In July 2017, due to

conflicting educational and clinical demands placed

on the residents, the number of procedure shifts

assigned to each resident decreased to 2 per month.

The third and final intervention included a 2-

pronged education approach. The first comprised of a

video-based module in July 2016 with an update in

September 2017, assigning textbook chapters, and

stating clear procedure shift goals.11 The second

component included voluntary suturing labs available

to all residents (FIGURE 2). Due to scheduling conflicts,

trainee participation was not mandatory and atten-

dance was not tracked.

Measures

We utilized statistical process control charts to

monitor outcome, process, and balancing mea-

sures.12,13 Control charts utilize time series graphs

to display data in a way that identifies special causes

of variation.12,13 Special cause variation is noted

when data points occur outside upper or lower

control limits (6 3 standard deviations) or follow a

statistically different pattern within these control

limits.

Our outcome measure, which measures the result

of the improvement process, tracked monthly resident

laceration repair procedure logs. We used a c-chart, a

type of control chart that addresses attribute data and

counts the number of desired actions (in this case,

laceration repairs logged by residents).13 We collected

data from the ACGME, E*Value, and MedHub

because the residency changed procedural log pro-

grams during the time of data collection.

Our process measure, which ensures our interven-

tions were performing as desired, monitored the

percentages of PED laceration repairs completed by

pediatric residents. We used a P-chart, a type of

control chart that addresses variable data and

evaluates the percentage of desired results, which, in

this case, is lacerations repairs completed by pediatric

residents as opposed to procedure technicians, other

trainees, or attendings.13 EHR laceration procedure

note documentation was utilized to determine the

proportion completed by pediatric residents.

We monitored length of stay (LOS) for patients

requiring laceration repair as our balancing measure.

Balancing measures evaluate any unintended conse-

quences of our QI project. We used an I-chart, a type

What was known and gap
The use of procedure technicians has decreased the
procedural burden on physicians, but also has decreased
pediatric residents’ exposure to laceration repairs.

What is new
A quality improvement (QI) initiative to increase the number
of laceration repairs logged by pediatric residents using
plan-do-study-act cycles.

Limitations
The institution’s large QI program and use of procedure
technicians might be unique and limit generalizability.
Determining causation was difficult because 3 interventions
were implemented concurrently.

Bottom line
The specific goal was not met, but the QI project did increase
the number of laceration repairs performed by pediatric
residents.
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FIGURE 1
Key Driver Diagram
Note: This figure depicts the global goal to improve resident competence with simple laceration repair. The global goal designates our long-term goal

that was not measured or studied. Our quality improvement initiative created a specific aim to increase the number of laceration repairs logged into

MedHub by pediatric residents as our first step toward this global goal and was the focus of our study. The key drivers are the main leverage points that

influence the specific aim and the interventions are specific areas of change which may lead to improvement in one or more of the key drivers.

FIGURE 2
Timeline of Interventions
Note: This figure shows what and when interventions took place. Interventions are specific tests of change likely to lead to improvement of key drivers,

which are the main leverage points that influence the specific aim.

Journal of Graduate Medical Education, February 2020 53

ORIGINAL RESEARCH

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-27 via free access



of control chart that measures variable data, which in

this case was time.13 The process and balancing

measure baseline time period did not correlate to the

duration of our outcome measure due to an upgrade

of the EHR.

This study was deemed QI by the Institutional

Review Board and was exempt from human subjects

review.

Analysis

Utilizing control charts, we followed Nelson rules to

determine significance of variability in our data.14

Nelson rules most relevant to our study regard trends

(6 or more consecutive increasing or decreasing

points) and shifts (at least 8 points on 1 side of the

mean). The 2-sample t test allowing unequal variance

(Welch’s t test) was used to evaluate for significant

differences in LOS.15

Results

Baseline data demonstrated a monthly mean of 6.35

laceration repairs logged for the residents, which

increased immediately following culture changes,

procedure shift increases, and education module

deployment (FIGURE 3). After 8 months, a clear shift

to a new mean of 22.75 repairs logged emerged. The

goal of 30 repairs logged was reached during 4 of the

8 months. In July 2017, after a decrease in procedure

shift numbers, monthly laceration repairs logged

decreased to a mean of 13.40, although this still

represented a doubling of the baseline mean. There

was no trend or shift in the data following the

education module update in September 2017.

Our process measure was the ratio of resident

laceration repairs to total repairs. No centerline shift

was demonstrated by our P chart, because no

significant change in the percentage of laceration

repairs performed by pediatric residents occurred

(FIGURE 4). However, after the decrease in the number

of procedure shifts, 7 data points below the current

mean implied a potential downward shift.

While the average LOS for all patients undergoing

laceration repair in the PED did not change in a

statistically significant way, we did find a statistically

significant difference in patient LOS based on type of

performing provider during both the baseline and

intervention periods. During the baseline period,

mean LOS for patients undergoing laceration repair

by a procedure technician was 132 minutes compared

to 151 minutes for patients repaired by a pediatric

resident (95% CI 10.15–33.04, P ¼ .001). Similarly,

FIGURE 3
Outcome Measure
Note: This figure shows pediatric resident laceration repair procedure logs over the duration of this quality improvement initiative, as well as the process

stage mean, process stages, control limits, and goals over time. Labeled numerically within the figure are 5 interventions that took place, which include:

(1) E-mails Sent to Faculty; (2) Increase to 3 Resident Procedure Shifts; (3) Animal Suture Labs Begin to Be Offered; (4) Loss of a Resident Procedure Shift;

and (5) Update of Education Module and Posttest.
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during our intervention period, patients repaired by

procedure technicians had a shorter average LOS

(126 minutes) compared to patients repaired by

pediatric residents (156 minutes; 95% CI 4.65–

55.95; P¼ .013).

Discussion

Our study demonstrates QI methodology can suc-

cessfully increase the number of laceration repairs

logged by residents. We confirmed that increased

opportunity to complete laceration repairs, specifical-

ly with dedicated shifts for procedures, correlates

with increased laceration repairs logged by residents.

The statistical process control charts demonstrated

that the number of procedure shifts directly correlated

with procedures logged. With greater procedure

shifts, the goal of 30 logged resident laceration

repairs per month was met during 4 months, implying

an achievable project aim. The current outcome

measure mean remains double the baseline average,

likely because the number of dedicated procedure

shifts for each pediatric resident remains higher since

our initiative. The other interventions (culture shifts

and educational modules), although not easily mea-

surable, may help create lasting influence.

Perceived resident inefficiency may contribute to

fewer residents performing laceration repairs. The

procedure technicians are extremely efficient, leading

to concerns that our initiative would slow the flow of

the PED. Our data supported this concept, as the LOS

was longer for patients repaired by a pediatric

resident. Despite this, overall average LOS was stable

before and after our intervention, likely due to a low

percentage of laceration repairs performed by pediat-

ric residents.

While showing the success of using a QI initiative,

there are limitations of this study that may hinder

generalizability. The results may not be reproduceable

due to specific characteristics of our institution. Our

institution has a large QI program offering significant

expertise and resources, which may be difficult for

other institutions to reproduce. Also, our employment

of procedure technicians may be unique, though

physician extenders in other centers may mirror the

competition for procedures seen here. Determining

causation is difficult because 3 interventions were

implemented concurrently, and we were unable to

FIGURE 4
Process Measure
Note: This figure shows the percent of laceration repairs performed by pediatric residents in the pediatric emergency department (PED) over time. Also

shown in this figure are the process stage mean, process stages, control limits, and 5 interventions labeled numerically within the figure. These

interventions include: (1) E-mails Sent to Faculty; (2) Increase to 3 Resident Procedure Shifts; (3) Animal Suture Labs Begin to Be Offered; (4) Loss of a

Resident Procedure Shift; and (5) Update of Education Module and Posttest.
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track measures for some interventions. Repair counts

may have been falsely counted low if residents

delayed logging the repair; however, repeated queries

identified no significant changes in the numbers.

Finally, our initiative did not measure resident

competence with laceration repair and instead pre-

sumed numbers of repairs to be a proxy of skill.

Although the study did not demonstrate effect of

interventions such as workshops and education mod-

ules on the number of laceration repairs logged, it

highlights the opportunity for further investigation of

these interventions. Methods of increasing resident

performance of laceration repairs during standard PED

shifts should be identified. Future ACGME surveys

could be reviewed to evaluate the effect of our

initiative on resident confidence in laceration repair.

Conclusions

Despite not reaching our goal, this study showed QI

methodology can increase pediatric resident lacera-

tion repairs logged. Dedicated procedure shifts likely

drove the greatest improvement.
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