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ABSTRACT

Objectives: Pediatric emergency medicine (PEM) physicians

receive little opportunity to practice and perform chest tube

insertion. We sought to develop and validate a scoring tool

to assess chest tube insertion competency and identify areas

where training is required for PEM physicians.

Methods: We developed a 40-point, 20-item (scored 0, 1, or 2)

assessment tool entitled the Tool for Assessing Chest Tube

Insertion Competency (TACTIC) and studied how PEM

physicians and fellows scored when inserting a chest tube

into a pork rib model. Participants were scored at baseline

and compared to themselves after receiving targeted training

using Web-based animations and presentations followed by

expert instruction and practice on chest tube insertion task

trainers. All insertions were video recorded and reviewed by

two blinded reviewers. Eight common videos were reviewed

to assess interrater reliability.

Results: The TACTIC demonstrated good interrater reliability

with an r2 5 0.86. Our cohort demonstrated a significant

improvement in TACTIC scores by taking part in targeted

training (precourse TACTIC 5 65%, 95% CI 54–76 v.

postcourse TACTIC 5 84%, 95% CI 80–88), highlighting the

construct validity of the TACTIC. Individual participants

increased their TACTIC scores by an average of 17%.

Conclusions: The TACTIC demonstrates good interrater relia-

bility, content validity, and construct validity in assessing a PEM

practitioner’s skill inserting chest tubes in a simulated setting.

RÉSUMÉ

Objectifs: Les médecins en médecine d’urgence pédiatrique

(MUP) ne procèdent pas souvent à la pose de drains thoraciques.

Aussi avons-nous cherché à élaborer et à valider un instrument

de notation visant à évaluer la compétence relative à la pose de

drains thoraciques, et à cerner les points faibles qui nécessiter-

aient une formation chez les médecins en MUP.

Méthode: Nous avons élaboré un instrument d’évaluation

portant sur 20 tâches et noté sur 40 points (0, 1, 2), appelé

Tool for Assessing Chest Drain Insertion Competency

(TACTIC), et avons étudié les résultats de médecins et de

stagiaires en MUP relativement à la pose de drains

thoraciques dans un modèle porcin de gril thoracique. Les

participants ont été évalués au départ, puis comparés à eux-

mêmes après une formation ciblée, comportant des anima-

tions et des présentations sur le Web, un enseignement

théorique donné par des spécialistes et la pratique de la pose

de drains thoraciques sur des simulateurs passifs («task

trainers»). Toutes les poses de drain ont été enregistrées sur

vidéo, puis examinées par deux examinateurs tenus dans

l’ignorance des faits. Huit vidéos courantes ont été revues

aux fins d’évaluation de la fiabilité interévaluateurs.

Résultats: L’instrument TACTIC a obtenu de bons résultats au

regard de la fiabilité interévaluateurs: r2 5 0.86. De son côté, la

cohorte a connu une amélioration sensible des résultats, selon

la grille TACTIC (avant le cours: 65%; IC à 95%: 54–76; après le

cours: 84%, IC à 95%: 80–88), après avoir suivi une formation

ciblée, ce qui confirme la validité de construction de l’instru-

ment TACTIC. La note de chacun des participants, selon la

grille TACTIC, a augmenté en moyenne de 17%.

Conclusions: Les résultats de l’étude ont démontré que

l’instrument TACTIC possédait une bonne fiabilité interéva-

luateurs, une validité de contenu et une validité de construc-

tion, dans l’évaluation de la compétence de praticiens en

MUP, relative à la pose de drains thoraciques, en simulation.

Keywords: chest tubes, procedural competency, simulation,

task trainers

Pediatric emergency medicine (PEM) physicians must
be skilled at safely and efficiently performing potentially
life-saving procedures. In the setting of pediatric
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trauma, they must be able to insert a chest tube for
life-threatening cases of pneumothorax, hemothorax,
or undifferentiated shock.1 In the pediatric emergency
department (PED), the opportunity to learn, practice,
and perform this skill is rare.2,3 Perhaps due to the rarity
of the procedure and the acuity of the clinical scenario,
emergency medicine practitioners may be more likely to
experience adverse outcomes from chest tube placement
compared to surgical colleagues.4 It is important that we
identify the optimal training method and competency
assessments for chest tube insertion in the emergency
setting.

To acquire and maintain mastery, simulated
clinical experiences including task trainers and high-
fidelity simulators may be used.5–10 Although various
different chest tube insertion task trainers exist, there
is no objective and validated scoring system in the
literature to assess chest tube insertion competency.
Such a tool could be used to assess a practitioner’s
skill, identify areas for improvement, or rate on a
scale for high-stakes assessment (either in the
simulated or real environment). We developed a
40-point scale entitled the Tool for Assessing Chest
Tube Insertion Competency (TACTIC) that rates 20
independent tasks in a simulated chest model. This
tool was designed to assess a practitioner’s chest tube
insertion competency and identify areas for future
learning.

The purpose of our study was to 1) systematically
develop the TACTIC to ensure content validity, 2) assess
the TACTIC’s interrater reliability when used by multi-
ple raters, 3) examine construct validity by assessing the
tool’s ability to identify improvement in performance
post- versus preinstruction, and 4) differentiate its ability
to identify learners of different experience levels.

METHODS

TACTIC development

The TACTIC was designed to assess a participant’s
stepwise performance of tasks necessary to properly
insert a chest tube in a simulated trauma setting. The
cut-down technique was selected by the lead investi-
gators (A.E.S., A.K., A.C.) as the preferred method of
insertion because it is widely available and can be used
to treat simple and tension pneumothorax and
hemothorax in the trauma setting and other thoracic
conditions.

The tasks to be completed during chest tube
insertion were identified by reviewing PEM procedural
manuals.1,11 A comprehensive literature search was
conducted to search for published chest tube insertion
assessment tools. The tool was initially written and
developed by the lead investigators using a 3-point
scoring system for each tool item, which was modeled
after the clinical performance tool developed by
Donoghue and colleagues for pediatric resuscitation
assessment.12 All tasks were reviewed by the authors
and categorized into one of four phases of the
TACTIC: 1) preparation, 2) insertion of the chest
tube, 3) securing of the tube, and 4) confirmation of
placement. Each task was graded as 0 (not done or
done so incorrectly as to be dangerous or render the
procedure useless), 1 (done, but incorrect technique or
functionality limited), or 2 (done correctly). In the
event, when a task was an ‘‘all or nothing task,’’ scores
were either 0 or 2. These phases could be used to help
identify areas where more practice is needed.

The TACTIC was subjected to an iterative review
process involving multiple experts in the field of
pediatric trauma and acute care with the intention of
developing a tool with both content and construct
validity. Feedback was incorporated with revision of
the tool at each stage. After initial development, a
pediatric general surgeon and a pediatric intensive
care specialist reviewed it. Following initial revisions,
it was presented to the local PEM group at a research
symposium. The TACTIC was subsequently revised
and piloted on a chest tube insertion task trainer
by the lead investigators. Minor modifications
were incorporated into the final TACTIC version
(Figure 1).

Participants and video-recorded chest tube insertion

A convenience sample of PEM physicians and trainees
from the PED at British Columbia Children’s Hospital
were enrolled in this study. British Columbia
Children’s Hospital is a tertiary care pediatric hospital
that serves Vancouver, British Columbia, and receives
trauma referrals throughout British Columbia and
Yukon Territory. Participants were eligible for inclu-
sion if they were a PEM physician or fellow with no
specialized training in chest tube insertion beyond
residency, fellowship training, and the Advanced
Trauma Life Support (ATLS) course (American
College of Surgeons, Chicago, IL), which is a training/
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practice prerequisite. Participants were excluded if they
received any surgical residency training or did not
understand English. The British Columbia Children’s
Hospital Clinical Research Ethics Board approved

this study. Informed consent was obtained from all
participants.

Participants were asked to perform two video-
recorded chest tube insertions in a pork rib model.

Figure 1. The Tool for Assessing Chest Tube Insertion Competency (TACTIC). NS 5 normal saline.
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The first insertion was considered their baseline
insertion performance (‘‘precourse’’). Next, participants
took part in targeted chest tube insertion training. A
workshop was developed with a Web-based module that
incorporated PowerPoint (Microsoft Corporation,
Redmond, WA) presentations, animations of the
procedure, and a lecture. Then participants received
1-hour hands-on instruction by experts with practice on
the chest tube insertion task trainer. The instructor to
student ratio in the course was 1:3. Participants were
permitted to practice until they felt they had mastered
the procedure. On the same day following the course,
participants placed another chest tube into the pork
model, which was video recorded (‘‘postcourse’’).

Chest tube insertion task trainer

The pork rib model used in this study was modeled after
a pork rib–based task trainer developed at The Hospital
for Sick Children (Toronto, ON) simulation centre
(J Pirie, personal communication). It consisted of a half-
rack of pork ribs suspended on a metal bowl using
plastic wrap to help simulate pleura with an intravenous
fluid bag placed underneath the ribs to simulate
underlying lung parenchyma. Simulated skin was placed
on top, and the model was draped with surgical towels
and placed on a table.

Video reviews and rater training

A study investigator (A.E.S.) performed the video
recording, with careful attention given to show only
the gloved hands of the participant and the pork rib
model. Participants were assigned numeric identifiers
to ensure blinding to the video rater. Each participant
was presented a scenario of an 8-year-old male who
sustained a traumatic pneumothorax that required only
insertion of a chest tube. Five verbal prompts were
provided at certain points to assess knowledge and
skills that could not be seen in the video or assessed
with this model. These are highlighted with an asterisk
in Figure 1.

Two raters with extensive clinical trauma and
education experience in pediatrics were selected to
score the video-recorded insertions using the
TACTIC. These included our department’s quality
assurance and improvement director and institution’s
trauma medical lead. Raters were not involved in the
design of the tool or teaching of participants in the

chest tube insertion workshop. Both raters received
training on how to use the TACTIC prior to assessing
study videos. This training consisted of reviewing three
trigger videos that were developed by the investigators
demonstrating very poor insertion technique, average
technique, and excellent technique. The raters were
oriented to the TACTIC and asked to rate each of the
three trigger videos. The primary investigator (A.E.S.)
reviewed the scores for each of the trigger videos with
the reviewers to help achieve a common understanding
and agreement on scoring for each video. This ensured
that our reviewers were calibrated prior to assessing
the study videos. Eight videos, including precourse and
postcourse videos, were scored using the TACTIC by
both reviewers to assess interrater reliability. Each
reviewer also scored seven other videos independently
using the TACTIC. Video reviewers were blinded to
whether the videos were recorded pre- or postcourse
and the identity of the participant.

Statistics

Scores were entered into Excel (Microsoft Corporation)
spreadsheets. TACTIC scores from each reviewer on
the commonly viewed videos were compared to assess
the interrater reliability of the tool. A Pearson
correlation coefficient was calculated, and regression
analysis was performed to measure the reliability
between raters. Pre- and postcourse videos were
compared for the participants to assess whether the
TACTIC could identify changes in scores after
targeted training.

RESULTS

Eleven participants enrolled in the study, including five
attending PEM physicians and six PEM fellows.
Twenty-two videos (11 precourse and 11 postcourse)
were submitted and rated. PEM attending physicians
had an average of 11 years of clinical practice (range 1–
20 years). The PEM fellows included three first-year
trainees and three second-year trainees. The PEM
attending physicians had inserted an average of 3.2
chest tubes (range 1–5). The first- and second-year
trainees had inserted an average of 2.3 (range 0–5) and
4.0 (range 2–5) chest tubes, respectively.

Reviewers were asked to view eight common videos
consisting of pre- and postcourse videos. The
TACTIC demonstrated good interrater reliability with
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a Pearson correlation coefficient of r 5 0.93.
Regression analysis yielded an r2 5 0.86 as shown in
Figure 2.

A significant improvement in TACTIC scores for
our cohort was observed after targeted training. The
mean precourse TACTIC score was 65% (95% CI 54–
76), and the mean postcourse TACTIC score was 84%
(95% CI 80–88).

A subanalysis of pre- and postcourse scores for
fellows showed significant improvement from baseline
by taking part in this course (59%; 95% CI 43–75 v.
82%, 95% CI 76–88), whereas attending physicians
showed a nonsignificant trend toward improvement
(73%; 95% CI 61–85 v. 88%, 95% CI 84–92). These
results are shown in Table 1. These data demonstrated
that, although not significantly significant, there is a
trend toward attending physicians performing better
than fellows, especially at baseline. Although it is
expected that attending physicians are more experi-
enced than fellows are, it may be more difficult for the
attending physicians to improve as their baseline scores
were higher.

Pre- and postcourse TACTIC scores were also
analyzed to assess the mean difference for each
participant. The mean difference in scores was 17%
(range of 10–55%; 95% CI 4–30). Two outliers affect
this number, where one participant (an attending
physician) showed a decrease of 10% (scored 100%

on the precourse TACTIC) and one participant (a
fellow) increased his score by 55%.

DISCUSSION

The TACTIC is a reliable tool to assess the insertion
of a chest tube into a simulated chest model. The
systematic process highlighted its content validity. It
showed good interrater reliability and demonstrated
construct validity as TACTIC scores improved after
targeted training and the interval improvement in
scores in fellows was greater than for attending
physicians.

Our cohort of PEM physicians and fellows was
consistent with previous cohorts that have limited
opportunity to practice and perform chest tube
insertion.2,3 Participants in our study inserted an
average of four or fewer chest tubes during their
careers. Simulation-based training is required to fill
this gap and is approved by both the Royal College of
Physicians and Surgeons of Canada and the Ameri-
can Accreditation Council for Graduate Medical
Education.13,14 Others have demonstrated that simu-
lated experiences are useful adjuncts to fill training
gaps.6–8,15–17 More evidence is available to suggest that
simulated experiences increase procedural know-
ledge, skill, and behaviours and may improve patient
outcomes.5,10,18–21

Figure 2. Interrater scatter plot for
commonly viewed Tool for
Assessing Chest Tube Insertion
Competency (TACTIC) videos.
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The educational intervention, which included both
screen-based learning and hands-on learning with
feedback, was carefully designed to include several
important instructional design features for simulation.
A recent meta-analysis by Cook and colleagues
described the relative contribution of instructional
design features to simulation-based learning.22 Several
of these design features, including feedback, repetitive
practice, cognitive interactivity, individualized learn-
ing, and multiple learning strategies, were strategically
built into our intervention to ensure optimal learning.
Our intervention appears to be more robust than the
chest tube insertion training provided in ATLS, where
students are not exposed to screen-based learning, have
larger student to instructor ratios (less opportunity for
feedback), and have less opportunity to practice.

Our study assumed that participation in a targeted
simulation-based procedural training program increases
skill, comfort, and knowledge. Our results supported
construct validity of the tool for this population of
learners: the participants showed a significant increase
in TACTIC scores, and the increase in TACTIC
scores was greater for fellows than for staff. This
highlights the capability of the TACTIC to be able to
identify improvement and differentiate the abilities
among health care professionals with varying levels of
experience.

The TACTIC also has the ability to highlight
specific participant areas that need to be addressed to
improve competency. As it is divided into four
phases—1) preparation, 2) insertion of the chest
tube, 3) securing the tube, and 4) confirmation of
placement—the TACTIC allows for identification of
troublesome areas for a learner or cohort. The phase
where our cohort showed most difficulty was phase 3,
securing the tube. This may be attributable to
textbooks not elaborating on tube securement.
Although other tasks are explained in great detail, the
learner is directed to secure the tube by stitching the
tube in place, without elaboration.1,23 The TACTIC

identifies this area requiring work and allows educators
to target further training.

Medical education is moving from an experiential
learning model (where a learner is expected to perform
a set amount of procedures) to a competency-based
assessment model. One of the inherent challenges is
developing validated assessment tools to measure
performance. The iterative design, video review, and
performance of our tool are similar to those of other
validated assessment tools used in simulation curri-
cula.12,24–26 Some tools may be tested at baseline and
after a period of practice, like the TACTIC,12,27 or
measured against clinical experience.24,26,28 With a
plethora of different clinical skills, procedures, and
ways to perform each, the development of these tools is
challenging. Checklists that use a 2-point scoring (e.g.,
yes or no) can be helpful, but the simple performance
of a task may not yield any information on the quality
of the performance. Some, like the TACTIC, incor-
porate a third option where one can attribute some
assessment of quality value to the task.12,27,28 Although it
is clear that scoring poorly on a checklist likely means
that the task is performed poorly, determining the
score at which the procedure is performed ‘‘well
enough’’ or ‘‘excellently’’ can be challenging. More
work is needed with the TACTIC to determine what
scores constitute a competent practitioner versus an
expert.

Our study was limited by several factors. It was
conducted at a single centre with a small cohort. It
would be interesting to see how the TACTIC
performs with a larger cohort including other centres.
It is not clear how the TACTIC would perform in a
population with more experience placing chest tubes,
such as general emergency medicine. This represents a
future angle to study the TACTIC. It would be of
benefit to assess if skills and knowledge persisted into
longer time frames, perhaps 3 and 6 months after the
course, and whether the TACTIC appropriately
detects these differences. Further studies can deter-
mine when retraining would be needed. This study

Table 1. Comparison of TACTIC scores before and after chest tube insertion training for PEM attending physicians and fellows

Group

Precourse videos Postcourse videos

Mean (%) Range (%) 95% CI Mean (%) Range (%) 95% CI

Fellows 59 23–84 43–75 82 71–93 76–88

Attending physicians 73 58–100 61–85 88 84–95 84–92

PEM 5 pediatric emergency medicine; TACTIC 5 Tool for Assessing Chest Tube Insertion Competency.
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took place in a simulated environment and on a
simulated chest model. It may be difficult to extra-
polate our data to a real-life clinical scenario where
other factors might be at play. Until further studies are
available in a real-life clinical scenario, the TACTIC
should be applied to educational uses only. In PEM,
the rarity of opportunities for chest tube insertion in
live patients will likely prohibit a comprehensive study
of the TACTIC in live procedures. The timing of the
postcourse TACTIC may be brought into question.
Postcourse chest tube insertions were video recorded
on the day of the course following participation.
This timing was selected because the performance
was anticipated to be the best, highlighting the
TACTIC’s ability to assess improvement over base-
line. Reassessing the TACTIC at a later interval might
provide information regarding skill retention or loss
and the TACTIC’s ability to detect these changes.

CONCLUSION

We systematically developed and evaluated a chest
tube insertion competency assessment tool entitled the
TACTIC, which demonstrated good interrater relia-
bility, content validity, and construct validity when
used for assessing PEM fellows and attending staff
physicians in a simulated trauma environment.

Competing interests: None declared.
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