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OBJECTIVE: Because open surgical skills training for
trauma is limited in clinical practice, trauma skills train-

ing courses were developed to fill this gap, The aim of

this report is to find supporting evidence for efficacy of

these courses. The questions addressed are: What

courses are available and is there robust evidence of

benefit?

DESIGN:We performed a systematic review of the train-

ing course literature on open trauma surgery procedural

skills courses for surgeons using Kirkpatrick’s frame-

work for evaluating complex educational interventions.
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Courses were identified using Pubmed, Google Scholar
and other databases.

SETTING AND PARTICIPANTS: The review was carried

out at the University of Maryland, Baltimore with input
from civilian and military trauma surgeons, all of whom

have taught and/or developed trauma skills courses.

RESULTS: We found 32 course reports that met search

criteria, including 21 trauma-skills training courses.
Courses were of variable duration, content, cost and

scope. There were no prospective randomized clinical

trials of course impact. Efficacy for most courses was

with Kirkpatrick level 1 and 2 evidence of benefit by

self-evaluations, and reporting small numbers of

respondents. Few courses assessed skill retention with

longitudinal data before and after training. Three

courses, namely: Advanced Trauma Life Support (ATLS),
Advanced Surgical Skills for Exposure in Trauma (ASSET)

and Advanced Trauma Operative Management (ATOM)

have Kirkpatrick’s level 2-3 evidence for efficacy. Com-

ponents of these 3 courses are included in several other

courses, but many skills courses have little published evi-

dence of training efficacy or skills retention durability.

CONCLUSIONS: Large variations in course content,

duration, didactics, operative models, resource require-

ments and cost suggest that standardization of content,

duration, and development of metrics for open surgery

skills would be beneficial, as would translation into
improved trauma patient outcomes. Surgeons at all lev-

els of training and experience should participate in these

trauma skills courses, because these procedures are

rarely performed in routine clinical practice. Faculty run-

ning courses without evidence of training benefit should

be encouraged to study outcomes to show their course

improves technical skills and subsequently patient out-

comes. Obtaining Kirkpatrick’s level 3 and 4 evidence
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for benefits of ASSET, ATOM, ATLS and for other existing

courses should be a high priority. ( J Surg Ed

76:832�843. � 2018 Published by Elsevier Inc. on

behalf of Association of Program Directors in Surgery.)
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INTRODUCTION

Surgeons in training receive limited operative surgery

time during their residency as a consequence of the

United States. Accreditation Council for Graduate Medi-
cal Education resident duty-hour restrictions1-3 and even

shorter work hours in European surgical training pro-

grams.2 In addition, trauma care now includes nonopera-

tive management and endovascular treatment of injuries

that were previously operated upon. This decreased

experience results in surgeons who may lack proficiency

in open surgical procedures for trauma, particularly

open vascular procedures. Such skills are difficult to
develop de novo or to maintain within the usual scope

of modern civilian surgical practice. These issues

become particularly acute for surgeons facing military

deployment. Trauma skills training courses have been

developed to fill this gap. However, little is known to-

date about what these courses are, their training effi-

cacy, and evaluation evidence to support them. Our aim

in this paper is to draw conclusions from the available lit-
erature on such courses including: (1) the objectives of

currently available courses, (2) the content, scope, cost,

and format of these courses, and (3) published evidence

showing course efficacy.
METHODS

A systematic review was conducted including search of

PubMed using the terms Trauma Training, Surgical
Trauma Training, and Open Surgery. Additional relevant

articles were identified using specific course names, Goo-

gle Scholar, Ebsco’s Discovery Service searching 50 data-

bases, as well as the University of Maryland’s Health

Sciences, and Human Services Library’s catalog. Searches

were complemented by a review of the reference lists of

relevant studies found with these searches and by discus-

sion with 4 of the authors (MB, ES, NS, and SS) who have
published in the trauma training course literature, or

been involved in development or teaching of many of
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these trauma surgical training courses for civilian and mili-

tary surgeons. Papers were included for review if

designed to teach open trauma surgery skills to physicians

and surgeons. Courses were not included if the training
was solely for nontrauma, endovascular, endoscopic, lap-

aroscopic, orthopedic, neurosurgical, obstetric/gyneco-

logical, or pediatric procedures. Courses were also not

included if they were designed to train nonsurgeon clini-

cians such as physician assistants, nurses, or medics.

The data synthesis used Kirkpatrick’s well-established

framework for evaluating complex educational interven-

tions, to describe the results of the search and level of
evidence for efficacy.4 Kirkpatrick’s framework used in

the context of trauma skills courses is as follows:

Level 1: reactions: self-reported satisfaction with the

trauma training course, subjectively evaluated, usually

with questionnaires, or interviews postcourse.
Level 2: learning: acquisition of new knowledge in man-

aging trauma patients applying open techniques,

objectively evaluated, usually with multiple choice

questions and similar approaches, pre-/postcourse.

Skill retention testing was examined to show newly

acquired knowledge was retained weeks/months

postcourse.

Level 3: behaviors: objectively evaluated acquisition of
skills to manage procedures/patients better following

the course, including nontechnical skills. Behaviors

evaluated through objective skills assessment, e.g., via

simulation modules, or real-life data analyzed for skill

quality pre-/postcourse and skills retention testing.

Level 4: results: clinical translation of better skills in car-

rying out the procedures and managing these patients

better to reduce patient mortality and/or morbidity.
RESULTS

The Preferred Reporting Items for Systematic Reviews

and Meta-Analyses flow diagram5 of the systematic

review results is shown in Table 1. After reviewing 6979

titles and abstracts identified using the search criteria

and excluding 6810 that were not relevant using our

exclusion criteria above, or were duplicates, 88 full-text
articles were assessed. Of these 56 did not meet inclu-

sion criteria, e.g., training included medical students, or

nonopen surgery procedures or irrelevant to trauma sur-

gery. Thirty-two studies met criteria after full-text

review, describing 21 different open surgery trauma

skills training courses. The identified courses are summa-

rized alphabetically, numbered by course acronym in

Table 2. The intended participants, format, course costs,
frequency of administration, duration, uniform resource

locators, and Kirkpatrick levels of evidence are provided
9 833



TABLE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow Diagram
in Table 2. There were large variations in course costs,

frequency of administration, duration, and evidence for

training benefit. A brief description of each open trauma

surgery skills course that met inclusion criteria is pro-

vided as Supplementary Material, together with the iden-

tified evidence for course efficacy.
There were no prospective randomized clinical trials of

trauma skills course impact. Published evidence of course

training benefit was not identified for many established

courses including: Definitive Surgical Trauma Skills, Emer-

gency Management of Battlefield Injuries, Endovascular

Skills for Trauma and Resuscitative Surgery, Emergency

War Surgery Course (EWSC), Military Operational Surgical

Training, Specialty Skills in Emergency Surgery and
Trauma, Surgical Training for Austere Environments, or

Surgical Trauma Response Techniques. However, as

described in the Supplementary Material, many of these
834 Journa
courses have incorporated features of other courses, e.g.,

Advanced Surgical Skills for Trauma (ASSET), Advanced

Trauma Operative Management (ATOM), Advanced

Trauma Life Support (ATLS) whose training efficacy has

been independently confirmed. Definitive Surgical

Trauma Skills, Endovascular Skills for Trauma and Resusci-
tative Surgery, EWSC, and Specialty Skills in Emergency

Surgery and Trauma used live tissue (usually porcine).

Courses utilizing human cadavers included ASSET, ATLS

(some sites), Definitive Surgical Trauma Care course,

EWSC, Military Operational Surgical Training, and Trauma

Exposure Course. Simulated models or laboratory exer-

cises were used in Surgical Training for Austere Environ-

ments and Surgical Trauma Response Techniques.
The highest level of evidence for benefit for any

trauma skills courses was Kirkpatrick’s level 3. ATLS,

with content developed by consensus panels with
l of Surgical Education � Volume 76/Number 3 � May/June 2019



TABLE 2. Skills Training Courses, Their Intended Trainees, Duration, Cost, Frequency of Offering, Accompanying Educationa aterial, Reference, Whether Skill Retention was
Tested, Summary With List of Kirkpatrick’s Level 1 to 4 Evidence and Evaluation Metrics Used

Course
Name

Intended
Trainees

Duration
and Cost

Course
Format

Frequency
Courses:
Lectures:

Course
Manual
or DVD

URL or Ref Pre-/Po -
Retentio

Kirkpatrick’s
Evidence
Level 1-4
Controls Y/N

EvaluationMetrics
Used; # studies, End-
point for Evaluations.
Publication reference #

1. ACDS Surgeons in
France. Com-
pulsory for
junior military
surgeons

3 d modules £ 5
(112 h)
ɞ 2000 per
module

Human cadavers
and live tissue
(pigs)

7 Annual Courses
(35 Modules)
Lectures

Yes, 5 course
modules

J R Army Med Corps
2016;162:34-347

Pre-/post sting
No rete on

Level 1-2
Own controls

Knowledge and oral exam
end-point: graduation
after completion of 5
Modules and oral exam
and written tests

2. ASSET Surgical resi-
dents, fellows
and attendings

$500-$2000 Unpreserved
human
cadavers

No Lectures
Monthly Courses in
135 locations

Yes, DVD
and
Manual

https://www.facs.
org/quality%20
programs/trauma/
education/asset

Pre-/post ention
at 14 m ths,
and 30 onths

Level 3. Control
Yes: Expert
and practicing
surgeon controls

Metrics: IPS; GRS: Errors.
Vascular control (end-
point<20 min);
4 compartment
LE fasciotomy (end-point
# compartments decom-
pressed)
References: 8-10

3. ATLS Physicians
(primarily),

2-2.5 d
$ 750

Task Trainers and
simulated
patients.
Cadavers and
animals (some)

Lectures
Monthly Courses in
15-20 US locations

Yes https://web4.facs.
org/ebusiness/Pro
ductCatalog/prod
uct.aspx?ID=863

All Level 2-3
Yes: some
studies with
controls

Written test
score, evaluator ratings,
Reference: 6

4. ATOM Surgeons 1 d
$ 1750

Live bleeding por-
cine models

Lectures. 26 Sites
incl. Danish Armed
Forces

Yes http://atomcourse.
com

Pre-/post sts
and sel
reporte
retentio

Level 2.
No controls

Subjective self-reported sat-
isfaction
References: 12-14

5. BATLS Surgeons/
Nurses/
Technicians

1 d
$ NA

Moulage, Simula-
tion
Models

Lectures. 6 courses/
y. in Sweden

Yes J R Army Med Corps
2000;146:110-
114

No Level 1
No controls

No metrics

6. DSTC Advanced surgi-
cal trainees

2 d
$ 3445

Human cadavers
and live tissue

Lectures 38 courses
in 20 countries in
2014 became
MOST (below)

Yes and
slides

http://www.iatsic.
org/DSTC.html

Pre-/post sts Level 0-1 DSTC is included as part of
MOST

(continued on next page)
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TABLE 2 (CONTINUED)

Course
Name

Intended
Trainees

Duration
and Cost

Course
Format

Frequency
Courses:
Lectures:

Course
Manual
or DVD

URL or Ref Pre-/Pos
Retentio

Kirkpatrick’s
Evidence
Level 1-4
Controls Y/N

Evaluation Metrics
Used; # studies, End-
point for Evaluations.
Publication reference #

7. DSTS Advanced surgi-
cal trainees

2 d
£1295

Demonstration on
anatomical sur-
gical
prosections.

Yes Yes www.rcseng.ac.uk/
coursearch/dsts.
html

No Level 0 No metrics identified.
MOST ASSET and ATOM
included
1 non-peer reviewed
paper Trauma.4:184-
188; 2002

8. EMIB NATO Trainee
Course

5 d Cadavers 2 to 3£/y,
Lectures

No www.coemed.org No Level 0 No metrics identified

9. ESTARS Trauma Surgeons2 d Live tissue and
simulation

Modular Lectures Yes www.med.umich.
edu/surgery/vas
cular-trauma

No Level 1 No
Controls

No metrics. Publication on
animal lab but none on
course benefits to skill, or
retention of skills

10. EWSC
military
service
specific
variations

DoD trauma
surgeons

3 d
$ NA

Human cadavers
and animal
models

Yes lectures Yes https://health.mil/
Training-Center/
Defense-Medical-
Readiness-Training-
Institute/Emer
gency-War-Sur
gery-Course

No Level 1
No controls

War
Surgery handbook
Describes course.
No publications. Con-
tains ASSET and ATOM
are included and these
have been independently
shown to have training
efficacy

11.MOST Junior and
Senior
trainees
in team

4-5 d Cadaver and
models

2£/y.
Mandated
every 3 y

Yes https://publishing.
rcseng.ac.uk/doi/
pdf/10.1308/
147-
363513X13-
50050891-
7215

None
identifie

Level 1-2
No controls

No metrics described.
ASSET ATOM and DSTS
course components
included.

12. SSET Junior
surgical train-
ees with an
interest in
general
surgery

2 d
$ N/A

Porcine
specimens

Yes No https://www.
rcseng.ac.uk/
courses/
couresearch/

No 1 Anecdotal
report
No Controls

No formal
assessment.

Certificate
given
On completion

(continued on next page)
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TABLE 2 (CONTINUED)

Course
Name

Intended
Trainees

Duration
and Cost

Course
Format

Frequency
Courses:
Lectures:

Course
Manual
or DVD

URL or Ref Pre-/Pos
Retentio

Kirkpatrick’s
Evidence
Level 1-4
Controls Y/N

Evaluation Metrics
Used; # studies, End-
point for Evaluations.
Publication reference #

13. STAE Predeployment
course for sur-
geons with an
interest in
humanitarian
and disaster
medicine

5 d
£ 2000

Modules and
case-based lab-
oratory setting
scenarios

Lectures.
Frequency
of course offering
NA

No Manual
or DVD

www.rcseng.ac.uk/
courses/course-
search/surgical-
training-for-austere-
environments

No Level 0-1
No controls

No Metrics
no end-points
found

14. STRT Surgeons or those
deployed to
disasters

5 d
$NA

Didactic lectures
and hands on
laboratory
exercises

Yes Yes, Emer-
gency War
Surgery
Handbook

http://www.dimo.
af.mil/shared/
media/document/
AFD-110720-026.
pdf

No Level 0-1
No Controls

No Metrics
no end-points
found

15. Trauma
Surgery
Course (Italy)

General Sur-
geons or Gen-
eral and
Emergency
surgeons

2 d
€ 1200

Lectures and Live
Tissue (porcine)

Yes,
Course twice
per y: 18
participants

Slides and
Video

Ann Ital Chir
2016;87:68-74

Pre-/Post-T ting.
No reten on

Level 2
Yes. No Concur-
rent controls

Metrics
demo benefit.
Pass/Fail test on
3 scores.
Certificate
Follow-up showing
reduced mortality in 1
hospital after taking
course. Reference: 11

16. Course
offered
1£ TEC

Trauma Fellows
and Chief
Residents

1 d
(8 h)

Cadaver-
based

Offered
once 10 y ago to
18 participants

Structured
curriculum

J Trauma 2009;
67:1093-96

Pre-/Posts
report a
operativ score

Level 2.
Some pretest-
ing, no controls.
F/U self-evalua-
tions 7 months
after course

Metrics: Self-reported confi-
dence and self-perceived
operating score.
Repeated evaluations 7
months after training.

17. CBAR Surgery Residents5 £ 4 h skills
laboratories

Cadaver-
based

Offered once
PGY) 3 (n = 12)
and PGY 4 (n = 10)

Oral exam,
Step-wise
guide

FASEB J. 1st Apr
2016: Abstract
Number:567

Pre-/poste m
operativ
score,
confiden

Level 2

(continued on next page)
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TABLE 2 (CONTINUED)

Course
Name

Intended
Trainees

Duration
and Cost

Course
Format

Frequency
Courses:
Lectures:

Course
Manual
or DVD

URL or Ref Pre-/Pos
Retention

Kirkpatrick’s
Evidence
Level 1-4
Controls Y/N

Evaluation Metrics
Used; # studies, End-
point for Evaluations.
Publication reference #

18. CPAC 14 General Sur-
gery Residents7
intervention
group and 7
controls:

8 weeks
No cost

procedural
anatomy
course. Inter-
vention:
cadaver dissec-
tion. Controls:
Course materi-
als without par-
ticipation in
cadaver
dissection

Offered once Course
Material
Yes

J Surg Res
2016;201:
22-28.

Pre-/Post-te ing
No reten n

Level 2 Yes:
Controls

Oral examination using
standardized templates
and (2) a questionnaire
assessing operative confi-
dence.
Oral exam showed
increased knowledge.
Confidence increased for
most of 5 procedures
studied

19-21.
Internet Adver-
tised: ACTS,
LTS, TALON

Surgical Trainees 1-2 d Lectures.
Intention to
repeat
unknown.

Some with Course
Manual

See text
for URL’s

No published Data No control Level 0 No Metrics described.
No publications

ACDS, Advanced Course for Deployment Surgery; ASSET, Advanced Surgical Skills for Exposure in Trauma; ATLS, Advanced Trauma Life Support stem; ATOM, Advanced Trauma Operative Manage-
ment; BATLS, Battlefield Advanced Trauma Life Support, CBAR, Cadaver-Based Anatomic Relationships in Vascular Surgery; CPAC, Cadaveric rocedural Anatomy Course; DSTC, Definitive Surgical
Trauma Care; DSTS, Definitive Surgical Trauma Skills; EMBI, Emergency Management of Battlefield Injuries Course; ESTARS, Endovascular Ski for Trauma and Resuscitative Surgery; F/U; follow-up;
GRS, Global Rating Scale; LE, lower extremity; MOST, Military Operational Surgical Training; NA, not available; SSET, Specialty Skills in Eme ency Surgery and Trauma; STAE, Surgical Training for
Austere Environments; STRT, Surgical Trauma Response Techniques; TEC, Trauma Exposure Course; ACTS, Advanced Cadaveric Trauma Sur ry Course; LTS, King’s College, London Trauma Skills
course; TALONS, Trauma LONdon Surgery.
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frequent revisions, fulfilled some level 3 criteria with evi-

dence for improved outcomes for educational and orga-

nizational patient management6 persisting with long-

term follow-up. A recent systematic review and meta-
analysis of the impact of trauma systems structure on

injury outcomes found that prehospital ATLS was associ-

ated with significant reduction of hospital length of stay,

but not mortality, only trauma system maturity resulted

in significant reduction in mortality.7 The ASSET course

has level 3 evidence demonstrating improved perfor-

mance after training and skill retention and an objective

rating scale.8-10 ASSET training had content developed
by consensus among members of the American College

of Surgeons (ACS) Committee on Trauma, the longitudi-

nal studies reporting results of testing used trained eval-

uators and standardized scripts for evaluating multiple

learners levels (untrained surgeons, post-training, skill

retention, and practicing surgeons and experts). Individ-

ual Procedure Score (IPS) in residents was low before

ASSET training and higher in residents after training; IPS
was higher in experts 40 months after training than resi-

dents or practicing surgeons 30 months after training.

Increased IPS was associated with shorter time to com-

plete vascular control procedures; IPS <0.6 in residents

predicted an increased occurrence of technical errors.

Global Rating Scores and Overall Performance ratings

give similar ranking to IPS, but did not identify errors or

point to individual surgeon retraining interventions as
did IPS.

The Trauma Course (Italy) met some level 3 criteria

with reduced mortality and shorter time to the operating

room after training (see below),11 although nonsurgeons

in the team also took the course. The ATOM course12-14

reported high postcourse satisfaction surveys, improved

skill self-assessment, and subjective value to surgical

practice. The ATOM course also demonstrated sustained
increase in self-efficacy for trauma management, rated as

level 2 evidence.

The remaining courses (described in Supplementary

Material) have level 1 to 2 evidence using subjective self-

evaluation and satisfaction surveys, including pre- and

post-testing in some courses. Few courses have evalu-

ated skill retention.
DISCUSSION

Trauma surgery skills courses using human cadavers, live

tissue models, and simulation play an invaluable role in sur-

gical training and skill sustainment, particularly for infre-

quent but highly lethal injuries. As with numerous other

training and simulation courses, objective evidence for the
effectiveness of such training, particularly in real-world sce-

narios, remains challenging. To our knowledge, no
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published evidence from prospective controlled trials

exists suggesting that surgical skills training courses

change trauma patient outcome, or improve performance

of the skills taught, when performed in the real-world oper-
ating room.15,16 While nearly every type of training exam-

ined demonstrated benefit compared to no training, the

most effective and efficient types of trauma skill training

remain unknown. The effect of trauma skill simulation

training on real-world patient outcomes was examined in

only 1 trial from Italy, following implementation of the

Trauma Surgery Course; this study found that team and sur-

geon training was associated with reduced time to operat-
ing room and reduced mortality, although the use of

nonconcurrent controls, a large increase in patient admis-

sions in the intervention years and another confounding

variable of training the entire team, not just the surgeon,

limited the strength of these findings of outcomes related

to training the surgeon.11 “Hospital Exercise” (HOSPEX)

was another effort to improve team and operative training

before deployment and obtain evidence of benefit in the
real military environment.17 HOSPEX is a fully immersive

live-in simulation experience that covers the entire envi-

ronment of a military hospital with all departments, not

just surgery. Participants undertake a 3-day training pro-

gram within HOSPEX before deployment to war zones. Pri-

mary outcome measures were assessed with the Imperial

Military Personnel Assessment Tool. the Imperial Military

Personnel Assessment Tool measures crisis management,
trauma care, hospital environment, operational readiness,

and transfer of skills to civilian practice. Reliability, skills

learning, and retention in the conflict zone were assessed.

Pre-/post-HOSPEX comparisons revealed significant

improvements in decision-making, situational awareness,

trauma care, and knowledge of hospital environment. No

skills decayed over time when assessed several months

later in the real conflict zone. All skills transferred to civil-
ian clinical practice. Such macrosimulations may be the

way forward for integrating the complex training needs of

expert clinicians and testing organizational “fitness for

purpose” of entire hospitals.17

Robustly designed studies are also needed to determine

the most effective training methods and models for open

trauma surgery, the optimal duration of training courses,

and the ideal training interval. The ability to detect
improved performance of individual surgeons in a training

environment is a challenge since the effects of team versus

individual surgeon performance and other nontechnical

factors such as communication and leadership skills may

also affect patient outcomes.18 Future research designs

should include both technical and nontechnical skill per-

formance metrics that allow standardized evaluation,

(including use of standardized patients) before and after
training, as well as follow-up, to determine when and if

skill degradation occurs and whether performance gains
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realized from training can be shown in the operating room.

Continued efforts in demonstrating training benefits of

course curricula should occur for trauma skills courses tar-

geting Kirkpatrick’s level 2 or higher evidence of their ben-
efits. Assessment of real-world performance after

simulation training is needed. Obtaining level 3 and level 4

evidence for ASSET, ATLS, and ATOM and other existing

skills courses should be a high priority.
Difficulties in Determining Trauma Skills Course
Benefits

A major challenge in assessing the impact of trauma sur-

gical skills training courses is a lack of trauma surgery

performance metrics; such metrics are needed to study

outcomes after trauma skills training.7,15,16 A further dif-

ficulty is the lack of standardization of training course
material and disparities in training conditions (e.g.,

length and content of courses) and inclusion of different

levels of trainees in the courses.16 In currently reported

studies examining trauma skill training courses, few

courses report evaluations of senior attending or consul-

tant surgeons participating as trainees; such participa-

tion may be beneficial, given the low incidence in

routine clinical practice of injuries taught in these
courses. Many of the courses share common trauma pro-

cedural core competency ingredients. The ACS and

Association of Program Directors in Surgery (APDS)

reviewed Technical Skills Assessment Tools and found

23 assessment tools for 35 ACS/APDS core competency

skills.19 Two tools, OSATS20 and Objective Structured

Assessment of Technical Skills,21 have been tested in

more than 1 procedure. These Objective Structured
Assessment of Technical Skills and OSATS tools were

designed for assessing elective procedures, not to evalu-

ate performance of trauma skills during time-critical

emergency open surgical procedures. Thirty of the ACS/

APDS modules had at least 1 assessment tool with some

common surgical procedures being addressed by several

tools, while 5 modules had no tools applied. This find-

ing, when applied to trauma skills course with similar
content, suggests that standardization of content and

metrics should occur. “Best of breed” trauma skills

course components should be included based on evi-

dence of training efficacy.

Design of Studies for Complex Educational
Interventions

Alternatives to Live Tissue Training

Simulated models of abdominal surgery have user inter-

face problems and physical models of vascular procedures
have limitations in fidelity and realism in comparison to

cadavers.22 The use of perfused cadavers has been
840 Journa
promoted,23 but perfused cadavers require expertise and

time to prepare, become edematous and may only be sus-

tainable for a few hours, limiting the full-day use of both

sides of a cadaver, although perfusion with expired blood
may reduce edema. A review of studies of open surgical

simulation that included live animals, cadavers, bench

models, virtual reality, and software-based computer simu-

lators showed benefit of all models in developing surgical

skills of surgical trainees. However, such studies utilized a

variety of assessment metrics and most were focused on

short-term results with no follow-up evaluations.24 While

there is some evidence relating to skill retention for other
types of surgical training, such evidence is still lacking for

trauma skill courses. In a randomized trial, optional delib-

erate suturing practice reduced skill decay at 6 months

after training, with similar performance when comparing

weekly and daily practice.25 Simulator training has been

shown to improve resident performance of basic surgical

tasks such as suturing in the operating room.26 However,

no metrics applicable to open surgery training to assess
the entirety of technical skills employed by expert trauma

surgeons in the operating room27-30 nor assess different

procedures performed by the same surgeon.15,28,30 There

is some preliminary evidence that hand-motion analysis

may be useful to document surgical training and provide

objective measure of skill retention.31

Military Surgical Skills Training

In battlefield surgery, the types of surgical cases and the

state of preparedness of the deployed surgeons has been

reported. These publications included suggestions for

improving predeployment training.32-36 The Defense

Health Board (DHB) report of March 9, 2015 “Combat

Trauma Lessons Learned for Military Operations of 2001

to 2013”34 states: “The lack of comprehensive, standard-

ized training for military health care providers creates an
operational gap that affects unit-level training as well as

effective utilization of the military system to reduce com-

bat mortality”. The Defense Health Board suggested that

ATOM and ASSET could be augmented to incorporate

combat casualty care-specific training, and also recom-

mended that the Department of Defense develops a sur-

gical skills course, including war surgery skills.34 This

recommendation supports the reality that curriculum
contents from ATLS, ASSET, and ATOM have been

widely incorporated into other courses, often with vari-

ous modifications to support austere or military environ-

ments. Hoencamp et al. reported that civilian surgical

training does not adequately prepare residents for mili-

tary surgery and suggested that introduction of a North

Atlantic Treaty Organization military and disaster stan-

dard may facilitate the recognition of military surgery as
a subspeciality within general trauma surgery.35 This

lack of experience in traumatic thoracic, abdominal, and
l of Surgical Education � Volume 76/Number 3 � May/June 2019



vascular surgery is also reported by Brooks et al. among

British consultant and junior surgeons.36 Additional

training methods should be considered that may be com-

plementary, including just-in-time training, such as
heads-up display of instruction, which make up for

absent skills,37 deliberate practice,38 multimedia or men-

tal rehearsal tools,39 and mobile training platforms

which help maintain skills.40 Simulation Training for

Operational Medicine Providers teaches procedural skill

competencies to Navy General Medical Officers and

uses 5 validated standardized patient with review of

instructional videos, reference materials, and practice
with partial task trainers before small group sessions with

subject matter experts. Learners demonstrated compe-

tency or were remediated. Simulation Training for Opera-

tional Medicine Providers was found to an effective tool

for primary care skill training and credentialing.41

Toward the Future of Technical Skills Training for

Trauma Care

Surgeons at all levels of training and experience who

may care for critically injured patients should partici-

pate in trauma skills courses for these procedures,

rarely encountered in clinical practice. Those faculty

running courses lacking evidence of benefit should be

encouraged to study the outcomes of these courses uti-

lizing metrics developed for assessment of similar

courses. Further development of performance metrics
to assess trauma team organization as well as individual

surgical skills is needed. Identification of the best

instructor to student ratio, combination of training

models, length of training courses, and training inter-

vals is needed. Real-time evaluation using a tablet with

a simple checklist and global rating scale scores6 and

video-recording could be used by observers to score

performance, allow participants to understand the
details involved in evaluations and help provide feed-

back. Study designs are needed to show Kirkpatrick’s

level 3 and 4 evidence for existing courses, rather than

development of new courses and incurring consider-

able cost. It should be possible to design a prospective

controlled trial of skills training courses in trauma cen-

ters with multiple succinct teams, the effects of skills

training could be studied with the members of the
team providing operative care alternating between

trained and untrained (control) surgeons. Standardized

patients could be included in these trials. Macrosimula-

tions predeployment could be useful for integration of

complex military surgeon training skills, with those of

co-worker clinicians and testing organizational “fitness

for deployment” of the surgical team.17 Workplace-

based assessments could assist military surgeon
“readiness” and have been included in the revised Inter-

collegiate Surgical Curriculum Programme in the UK.42
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LIMITATIONS

This review focused on training courses that contained

open trauma surgical procedural skills. Only a small por-

tion of the content of some courses (such as ATLS)
included open surgical procedures. This systematic liter-

ature review did not include skills training for nurses,

dentists, paramedics and training in aviation, and other

professions or industries that might include training use-

ful for improving open surgical skills.
CONCLUSION

A high priority requirement for the future is to obtain

Kirkpatrick’s level 3 and 4 evidence for existing surgical

trauma training courses and consolidate the best content

of courses. An essential part of this process is the develop-

ment of trauma surgery performance metrics for assessing

the specific competencies of military and civilian trauma

surgeons and for measuring the adequacy of training

courses. Such metrics will become increasingly important
as trauma care evolves toward less surgery and more criti-

cal care.43,44 Pre- and post-training and retention skills

assessments should be available to permit personalized

approaches to skills refreshment. Large variations in

course content, duration, didactics, operative models,

resource requirements, and cost suggest that standardiza-

tion of content and performance metrics are needed to

show efficacy of trauma skills training courses.
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