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Abstract

Background: Recent data highlight the educational, financial, and healthcare benefits of acute care surgery
(ACS). These data serve as the impetus to create ACS fellowships, which now are accredited by the American
Association for the Surgery of Trauma. However, the core components of a curriculum fundamental for ACS
training and that yield competence and proficiency have yet to be determined.
Methods: Experts in ACS from the United States (n = 86) were asked to propose topics in surgical infectious
diseases of potential importance in developing a core curriculum for ACS fellowship training. They were then
required to rank these topics in order of importance to identify those considered most fundamental.
Results: Thirty-one filters ranking in the highest tertile are proposed as topics of surgical infectious diseases that
are fundamental to any curriculum of ACS fellowship training. The majority pertains to aspects of thoracic
infections (n = 8), although topics of soft tissue infections (n = 5) comprised four of the top 10 (40%) filters.
Abdominal infections (n = 6), the biology of sepsis (n = 6), and risk, prevention, and prophylaxis (n = 6) completed
the list.
Conclusion: This study identifies the most important topics of surgical infectious disease that merit consideration
for incorporation into a core curriculum of ACS training. Hopefully, this information will assist in the devel-
opment of ACS fellowships that optimize the training of future ACS surgeons.

Emergent care is at a crisis, with widespread problems
of access, overcrowding, boarding, and delays [1–4].

Marked increases in emergency department visits by older,
sicker, and uninsured patients, many with surgical emer-
gencies, are more common and require a continuous work-
force of surgical specialists to respond, evaluate, operate,
and deliver critical care [3, 5–11]. Unfortunately, emergency
departments are having substantial difficulties assuring
specialist coverage [12–16]. One recent report documents
that more than two-thirds of emergency department direc-
tors report shortages of on-call specialists at their hospitals
[12–16]. Increasing sub-specialization within the field of
general surgery and a shift in practice and training patterns
to minimally invasive interventions on patients without

acute illness has limited the availability of appropriately
skilled general surgeons for the care of acute surgical
conditions [17–19].

In response to these issues, many hospitals have aban-
doned the traditional model of surgeon coverage for urgent
care, which relied upon non-trauma surgeons taking home
call, in favor of having their trauma programs absorb emer-
gency surgery [20, 21]. This new model of acute care surgery
(ACS), a combination of trauma surgery, broad-based emer-
gency surgery, and surgical critical care, has been cham-
pioned by the American Association for the Surgery of
Trauma (AAST) and a number of other trauma and surgical
societies [22, 23]. Data are accumulating that ACS services,
particularly for time-dependent surgical pathology,
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streamline and improve the processes of delivering care and
yield better outcomes [24–29].

How to deliver this care most appropriately and train the
future generations of ACS surgeons that will provide it have
yet to be defined [30–32]. Many of the current and established
ACS programs developed out of a regional need for this
specialized care [23]. Few studies have identified the charac-
teristics of these programs that are deterministic of improved
outcomes. Yet in the wake of optimistic data, particularly
those suggesting financial benefits, many institutions are
creating ACS divisions [33]. Similarly, recent studies highlight
the additional volume and greater breadth of operative ex-
perience for surgical trainees when ACS is incorporated into a
single discipline, simultaneously offsetting the progressively
non-operative management in trauma [34–36]. These data
serve as the impetus to create ACS fellowships, which now are
accredited by the AAST. However, the core components of a
curriculum fundamental for ACS training and that yield
competence and proficiency have yet to be determined.

In light of the importance of this field for the provision of
care of complex, acutely ill, and resource-intensive patients,
identifying a set of core topics to guide the development of
and potentially standardize ACS fellowship training would
be of considerable value. These initial topics would be in-
valuable in guiding developing fellowships and in establish-
ing a standardized curriculum for all programs. The
population of patients encompassed by ACS has a high pro-
portion of diseases either initiated by or complicated by in-
fectious processes that define the field of surgical infectious
diseases. Examples of infectious processes would include
secondary and tertiary peritonitis, appendicitis, diverticulitis,
cholangitis, complicated and necrotizing soft tissue infections,
necrotizing pancreatitis, intestinal ischemia, and hospital-
acquired infections, including surgical site infections, pneu-
monia, and blood stream infections. The objective of this
study was to determine by consensus of expert opinion, those
areas of surgical infection considered to be fundamental to
the core curriculum of ACS training.

Materials and Methods

Study design

This study used a modified Delphi method to collect ex-
perts’ opinions and achieve consensus on topics considered
fundamental in the training of ACS. The Delphi method,
originally developed by the RAND Corporation, is a struc-
tured process that uses a series of questionnaires, each re-
ferred to as a round, to both gather and provide information
[37–40]. The process continues until ‘‘group’’ consensus is
achieved. This approach has several distinct advantages. It
enables the inclusion of a large number of individuals across
diverse geographic locations with a broad range of expertise,
and it affords anonymity to participants and privacy for it-
eration and the ability to change one’s mind over several
rounds. One of its key advantages is that unlike face-to-face
meetings of experts, it eliminates the possibility that a specific
expert might (advertently or inadvertently) dominate the
consensus process. The Delphi method also helps to minimize
the effects of group interactions and maximizes the ability to
elicit expert knowledge. In this study, we used conventional
mailings for all three rounds. This study was approved by the
Institutional Review Board of the University of Pittsburgh.

Selection of experts

Experts were selected from among the rosters of the
members of the Surgical Infection Society (SIS), the American
Association for the Surgery of Trauma (AAST) Committee on
Acute Care Surgery, and the Eastern Association for the
Surgery of Trauma Acute Care Surgery Committee. Specific
individuals were selected to represent both geographic di-
versity and a broad range of expertise in ACS on the basis of
their prior published research in the area of ACS. There is no
requisite number of experts in a Delphi survey; typically be-
tween 20 and 40 are included. We invited 86 experts from 86
hospitals, trauma centers, and research centers representing
26 states in the United States to participate. Each expert was
contacted through an invitation letter included with round
one. Surveys were to be completed within two weeks and
returned. A reminder letter was sent to those experts who had
not submitted responses within two weeks.

Methods and measurements

Delphi round one: Criterion generation. The first round
provided an opportunity for experts to generate topics and
provide subjects of potential utility in training in ACS. Spe-
cifically, each expert received an initial questionnaire that
listed 80 questions divided into five categories: Biology of
sepsis; risk, prevention, and prophylaxis; thorax; abdomen;
and soft tissue infections. Each of these questions considered a
particular topic in a specific field of ACS that the investigators
considered important. For example, the participant was asked
to indicate his or her level of agreement with the following:
‘‘Do you think that training in the biology of sepsis should be
core to the curriculum of an ACS fellowship?’’ In addition to
responding to each of these questions, each expert was re-
quested to provide comments and suggestions pertinent to
each. Further, experts were asked to provide any other aspects
of ACS that they thought might function as an important
topic.

Participants were given a total of 1 mo to formulate topics/
subjects. Investigators collated and reviewed the list of audit
filters in preparation for the second round. Criteria that were
similar in nature were combined, and those that were not
appropriate or were excessively general or vague were elim-
inated. The responses to these questionnaires were compiled
for round two.

Delphi round two: Rating. Those experts responding to
round one were included in the second round. In round two,
each expert rated the relative merit of each topic on a five-
point priority scale, which considered the importance of the
topic. A score of 1 (not important) was defined as a subject not
considered important or fundamental to the curriculum of ACS
training. A score of 5 (most important) was defined as a topic
fundamentally important to fellowship training in ACS. Ex-
perts were offered the opportunity to comment on each topic
and to clarify or provide comments to support any of their
ratings. The scores were collected, collated, and analyzed.

There are no established rules for determining consensus
using this methodology. Our aim was to achieve consensus on
the most important topics. The questions were ranked by their
mean priority score, and those falling within the highest tertile
or achieving a mean priority score greater than 4 were selected
for final consensus scoring in round three. The proportion of
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participants rating each question as very important (score of
4) or most important (score of 5) was also reported.

Delphi round three: Final consensus rating. The topics
falling into the highest tertile in the second round were pre-
sented to experts for final consensus rating in the third round.
The questions were sent only to experts who responded to the
second round. For each question, the mean priority score and
proportion of experts ranking 4 or 5 was presented for them to
consider in their final ratings. Experts again were asked to rate
each question in terms of importance.

Primary data analysis

Statistical relationships between variables were assessed
using Pearson’s correlation coefficient. All statistical analyses
were performed using Stata 12SE (Stata Corporation, College
Station, TX).

Results

We invited 86 experts from 26 states to participate. Overall
46 of 86 (53%) invited experts participated in at least one
round, and 22 of these 46 (48%) individuals completed all
three rounds. The proportion of experts invited to partici-
pate in the first round, who generated topics fundamental for
ACS training, was 53% (46 of 86). These 46 participants pro-
posed 145 topics to be evaluated as potential core require-
ments for ACS fellowship training. These 145 suggestions
were then collapsed by the investigators into 96 distinct
questions in five categories and submitted to the experts for
the second round of the survey. In the second round, 32 of 46
experts (70% of those originally participating in the first
round) rated these topics on a scale of importance. Finally, 22
of the 32 experts (69%) who were sent the third round of the
survey participated and contributed to the final consensus
rating.

The 97 topics were grouped into five areas of ACS: 1) Bi-
ology of sepsis; 2) risk, prevention, and prophylaxis; 3) thorax;
4) abdomen; and 5) soft tissue infections. The topics with the
most number of questions generated were those related to
abdomen (n = 31) and thorax (n = 31), followed by the biology
of sepsis (n = 17) and risk, prevention, and prophylaxis
(n = 10). The fewest number of topics pertained to soft tissue
infections (n = 8).

In the second round there was a strong correlation between
mean score and the proportion of experts who scored a
question as important or very important. In the 40 topics
constituting the top tertile, the mean priority scores ranged
from 4.06 to 4.91, and the standard deviation was less than 1
for 35 (88%). Additionally, with increasing mean scores, the
variability in scoring within each question decreased, sug-
gesting increasing consensus for the highest ranked questions
(round 2 = -0.68; p < 0.001; Fig. 1).

Thirty-one of the final 40 criteria were considered impor-
tant (mean priority score > 4) by consensus in the final round.
The mean priority scores ranged from 4.08 to 4.73 and the
standard deviation was less than 1 in 30 (97%). The final rank
order of these 31 most important topics is listed in Table 1 and
collated by category in Table 2. Topics concerning soft tissue
infections received the highest priority, comprising four of the
top 10 (40%) topics. All the seven (100%) topics in risk, pre-
vention, prophylaxis included in round two comprised 23% of

the final 31 topics considered fundamental for ACS training
(Table 1 and Table 2).

Topics in the thoracic (n = 3) and abdominal infection (n = 3)
completed the top 10 highest-ranking filters. They comprised
seven (23%) and six (19%), respectively, of the final 31 im-
portant topics. Six (19%) topics in the biology of sepsis were
included in the final 31 most important topics. However, five
of eight (63%) in soft tissue infection included in the second
round were in the final 31 most important topics.

Discussion

With the emergence of the field of ACS and the recent de-
velopment of subspecialty ACS fellowship training, we con-
sidered it a priority to develop a core curriculum that
standardizes ACS training. Evidence that a curriculum needs
to be developed is highlighted by the variability in current
ACS programs and the lack of data regarding those aspects of
ACS training that optimize outcomes. Our focus was to
identify topics of surgical infection that by expert consensus
are considered fundamental to any ACS fellowship. Here we
have identified 31 topics spanning five aspects of surgical
training that represent a consensus of experts in ACS within
the United States. The rapidly changing paradigm in surgical
management and training with increasing sub-specialization,
a shift towards minimally invasive techniques, a perceived
decline in the general surgical training of basic surgical in-
fectious diseases, all combined with advances and increased
complexity of the management of acutely ill surgical patients
make the establishment of an identified skill set in surgical
infectious diseases of considerable importance.

Prior to this study, little evidence existed to suggest which
topics of surgical infection should be incorporated into ACS
training. This stems, in part, from institutional variability in
the resources available and in the spectra of disease encoun-
tered. Many ACS fellowships have developed at institutions
that have always functioned under an ACS paradigm. Thus,
the development of ACS, and consequentially its training,
developed out of an institution-specific need to address an
infrastructural deficiency in patient care, rather than deter-
mining which characteristics, technical and knowledge-
based, provide optimal patient outcome. An overarching

FIG. 1. Relationship between the variation in priority
across respondents (measured as standard deviation) and
mean priority score.
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Table 1. Priority Rankings of the Most Highly Rated Topics in Surgical Infection

Rank Topic Category
Mean

priority score

1 It is important to ACS training that fellows acquire proficiency in
bronchoscopy with aspiration/lavage.

Thoracic 4.73

2 It is important that ACS fellows acquire proficiency in open or percutaneous
tracheostomy.

Thoracic 4.71

3 It is important that ACS fellows understand clinical criteria for the
identification and management of necrotizing soft tissue infections.

Soft Tissue 4.64

4 It is important that ACS fellows understand principles of resection/
debridement.

Soft Tissue 4.64

5 It is important that ACS fellows understand clinical criteria for identifying
and management line sepsis/device sepsis.

Soft Tissue 4.64

6 It is important that fellows demonstrate competency in management
strategies of the high-risk patient.

Abdomen 4.57

7 It is important that ACS fellows demonstrate expertise in the current
evidence-based guidelines for minimizing surgical site infections.

Soft Tissue 4.55

8 It is important that fellows demonstrate competency in management
strategies of the high-risk patient.

Thorax 4.48

9 It is important that fellows appreciate the risk factors for failed source
control.

Abdomen 4.48

10 It is important to teach the distinguishing characteristics in the diagnosis
and antimicrobial/operative management of primary/secondary, and
tertiary peritonitis and abscesses.

Abdomen 4.48

11 It is important that fellows have to log a minimum number of cases in
bronchoscopy with aspiration/lavage.

Thorax 4.45

12 It is important to ACS fellowship training to learn bedside ultrasound
imaging.

Abdomen 4.43

13 It is important that expertise in evidence-based measures to prevent surgical
infection be incorporated into ACS fellowship training.

Risk, prevention,
prophylaxis

4.40

14 It is important that ACS fellows understand principles of reconstruction. Soft Tissue 4.36
15 It is important for ACS fellows to receive training management strategies for

the high-risk patient (e.g. percutaneous cholecystostomy tube).
Abdomen 4.33

16 It is important that fellows log cases for the management of shock. Risk, prevention,
prophylaxis

4.29

17 It is important that fellows log cases for the management of multiple organ
dysfunction/failure syndrome (MODS/MOFS).

Risk, prevention,
prophylaxis

4.29

18 Antimicrobials and antibiotic pharmacodynamics and pharmacokinetcs
should be a fundamental topic of training.

Biology of Sepsis 4.27

19 Training in the biology of sepsis should be core to the curriculum of an ACS
fellowship.

Biology of Sepsis 4.24

20 The basis for therapeutic interventions should be a fundamental topic of
training.

Biology of Sepsis 4.23

21 Organ physiology and pathophysiology should be a fundamental topic of
training.

Biology of Sepsis 4.23

22 It is important to teach the distinguishing characteristics in the diagnosis
and antimicrobial/operative management of infectious versus non-
infectious causes of pneumonitis/pulmonary infiltrates.

Thorax 4.22

23 It is important that training in bedside ultrasound imaging of the thorax be
core to the curriculum of an ACS fellowship.

Thorax 4.19

24 It is important that fellows have core curriculum in enteral access. Abdomen 4.19
25 It is important that ACS fellows understand the distinguishing character-

istics of nosocomial versus community infection and the importance of
ICU antibiograms.

Risk, prevention,
prophylaxis

4.18

26 It is important that ACS fellows log cases for the management of acute
kidney injury.

Risk, prevention,
prophylaxis

4.10

27 Metabolism of sepsis should be a fundamental topic of training. Biology of Sepsis 4.09
28 It is important that physiology be a class for the curriculum of ACS training. Biology of Sepsis 4.09
29 It is important that antibiotic stewardship be incorporated into an ACS

fellowship program.
Risk, prevention,

prophylaxis
4.09

30 It is important to ACS training that fellows acquire proficiency in flexible
esophagoscopy.

Thorax 4.09

31 It is important that fellows acquire an understanding of the spectra of
pathogenic organisms to which various states predispose.

Risk, prevention,
prophylaxis

4.08

ACS, acute care surgery.
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theme of this study was to ensure that the teaching of each
proposed topic be universally feasible and independent of
institutional resources.

Our results emphasize the importance of knowledge, rather
than procedural, training in surgical infections as 24 of 31
(77%) and eight of the top 10 (80%) topics focused upon
knowledge (Table 2). Of these 20, six (30%) focused upon the
basic biology of sepsis, including metabolism, physiology,
pathophysiology, pharmacokinetics, and pharmacodynam-
ics. Although these topics are fundamental to medical school

education, they are not emphasized in subsequent residency
and fellowship training. However, recent advances in the
management of critically ill surgical patients necessitate that
physicians possess a greater command of the basic biological
sciences. Importantly, the majority of these topics can be
taught universally at all institutions.

Five procedures were considered fundamental: Ultra-
sound, tracheostomy, bronchoscopy, esophagoscopy, and
enteral access (Table 2). Although exposure to each proce-
dure is acquired during surgical residency, it is clear that the

Table 2. Priority Rankings of the Most Highly Rated Topics in Surgical Infection by Category

Rank Topic

Abdomen
6 It is important that fellows demonstrate competency in management strategies of the high-risk patient.
9 It is important that fellows appreciate the risk factors for failed source control.

10 It is important to teach the distinguishing characteristics in the diagnosis and antimicrobial/operative
management of primary/secondary, and tertiary peritonitis and abscesses.

15 It is important for ACS fellows to receive training management strategies for the high-risk patient
(e.g. percutaneous cholecystostomy tube).

Biology of Sepsis
18 Antimicrobials and antibiotic pharmacodynamics and pharmacokinetcs should be a fundamental topic of

training.
19 Training in the biology of sepsis should be core to the curriculum of an ACS fellowship.
20 The basis for therapeutic interventions should be a fundamental topic of training.
21 Organ physiology and pathophysiology should be a fundamental topic of training.
27 Metabolism of sepsis should be a fundamental topic of training.
28 It is important that physiology be a class for the curriculum of ACS training.

Risk, prevention, prophylaxis
13 It is important that expertise in evidence-based measures to prevent surgical infection be incorporated into

ACS fellowship training.
16 It is important that fellows log cases for the management of shock.
17 It is important that fellows log cases for the management of multiple organ dysfunction/failure syndrome

(MODS/MOFS).
25 It is important that ACS fellows understand the distinguishing characteristics of nosocomial versus

community infection and the importance of ICU antibiograms.
26 It is important that ACS fellows log cases for the management of acute kidney injury.
29 It is important that antibiotic stewardship be incorporated into an ACS fellowship program.
31 It is important that fellows acquire an understanding of the spectra of pathogenic organisms to which various

states predispose.

Soft Tissue
3 It is important that ACS fellows understand clinical criteria for the identification and management of

necrotizing soft tissue infections.
4 It is important that ACS fellows understand principles of resection/debridement.
5 It is important that ACS fellows understand clinical criteria for identifying and management line sepsis/

device sepsis.
7 It is important that ACS fellows demonstrate expertise in the current evidence-based guidelines for

minimizing surgical site infections.
14 It is important that ACS fellows understand principles of reconstruction.

Thoracic
8 It is important that fellows demonstrate competency in management strategies of the high-risk patient.

22 It is important to teach the distinguishing characteristics in the diagnosis and antimicrobial/operative
management of infectious versus non-infectious causes of pneumonitis/pulmonary infiltrates.

Procedural/Diagnostic
1 It is important to ACS training that fellows acquire proficiency in bronchoscopy with aspiration/lavage.
2 It is important that ACS fellows acquire proficiency in open or percutaneous tracheostomy.

11 It is important that fellows have to log a minimum number of cases in bronchoscopy with aspiration/lavage.
12 It is important to ACS fellowship training to learn bedside ultrasound imaging of the abdomen.
23 It is important that training in bedside ultrasound imaging of the thorax be core to the curriculum of an ACS

fellowship.
24 It is important that fellows have core curriculum in enteral access.
30 It is important to ACS training that fellows acquire proficiency in flexible esophagoscopy.

ACS, acute care surgery; ICU, intensive care unit.
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acquisition of additional expertise, specific to surgical infec-
tions and ACS, is needed. For example, proficiency in focused
abdominal sonography for trauma is acquired during surgical
residency or fellowship. However, our experts concluded that
additional ultrasound training in the context of acute surgical
infections (e.g., drainage of pleural effusions, intra-abdominal
abscesses, percutaneous cholecystostomy tube) is essential to
any ACS curriculum. Similarly, exposure to bronchoscopy
and esophagoscopy are acquired during surgical residency
but specialized training is needed as it relates to the man-
agement of surgical infections (i.e., lavage, aspiration).

Although it was not our objective to obtain universal
agreement on the topics proposed, there was general con-
sensus as to which criteria were important. All 31 topics were
considered very or most important (i.e., priority score > 4).
The standard deviation of the mean priority score was less
than 1 in 30 (97%) of these final topics. We believe that the
large number of topics developed by this panel reflects the
lack of interaction between participants and an unbiased,
consensus opinion of ACS experts.

Now that the important surgical infection topics of ACS
have been defined, the next steps are implementing them
into a curriculum and creating benchmarking systems to
assess how well these topics are being taught, learned, and
acquired. Many of the specific procedures included as im-
portant are routinely performed in most surgical critical
care and or ACS fellowships at present. These procedures
can be tracked through the AAST case log system that has
been in existence for more than one year or through mod-
ifications of the American College of Surgeons case log
system as described by Patel et al [41]. Currently, for cer-
tified programs of the AAST–ACS, all ACS fellows must
enter their cases into this system, and data analysis is on-
going to determine adequate benchmarks for competency.
The acquisition of technical skills in the use of ultrasound is
currently not captured in the AAST–ACS log system, and
guidelines have not been put forth to direct standards for its
application in either trauma or critical care. This remains a
difficult issue. The curriculum and procedural performance
required to achieve appropriate skill for targeted use of this
technology in ACS require further delineation.

For the cognitive and decision making topics included in
the list of 31, each requires further delineation of the com-
ponents of the topics that should be required and included
within a curriculum. The authors recommend that a working
group of the Surgical Infection Society Acute Care Surgery
Committee develop an expanded topic list that defines fur-
ther the components required in each individual topic.
Whereas much of this content can be provided through di-
dactic and written formats, applying concepts within the
clinical setting is mandatory. Thus, documentation of man-
agement of appropriate patient populations through a case
log system is also a component of verification of skills. The
educational topics can be incorporated into ongoing didac-
tics at the specific institutions. With the information pro-
vided by this study, programs will be better able to gear their
education toward the core concepts identified. These con-
cepts can then be emphasized in future iterations of the
ACS examination, thereby benchmarking the success of the
programs.

The Delphi survey design is considered one of the optimal
methods available to elicit expert knowledge and come to a

consensus, and at the same time minimize the effect of group
interaction [42,43]. However, this method is not without
limitations. For example, the Delphi technique has been crit-
icized as lacking reliability. Specifically, if the same survey
was provided to a different panel of experts or the same ex-
perts at some future point in time, there is no assurance that
the same results will be obtained [44]. Further, the results of
the survey are highly dependent on the composition of the
panel. However, we believe the topics proposed reflect the
broad range of experience and expertise of a heterogeneous
panel of experts with experience in the establishment and
maintenance of ACS training.

Within the constraints imposed by the limitations de-
scribed above, this list of topics represents the most important
aspects of surgical infections that merit consideration for in-
corporation into a core curriculum of ACS training. This in-
formation will assist our societal and institutional colleagues
in the development of ACS fellowships that optimize the
training of future ACS surgeons.
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