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Development of transfusion guidelines for injured children using a
Modified Delphi Consensus Process

A. Francois Trappey, III, MD, Kyle M. Thompson, MD, Nathan Kuppermann, MD, MPH,
Jacob T. Stephenson, MD, Miriam A. Nuno, PhD, Hilary A. Hewes, MD, Sage R. Meyers, MD, MSCE,

Rachel M. Stanley, MD, Joseph M. Galante, MD,
Daniel K. Nishijima, MD, MAS, and

the Traumatic Injury Clinical Trial Evaluating Tranexamic Acid in Children (TIC-TOC) Collaborators of the
Pediatric Emergency Care Applied Research Network (PECARN), Sacramento, California

BACKGROUND: There is wide variability of transfusion practices for children with hemorrhagic injuries across trauma centers. We are planning a multicen-
ter, randomized clinical trial evaluating tranexamic acid in childrenwith hemorrhage. Standardization of transfusion practices across sites is
important to minimize confounding. Therefore, we sought to generate consensus-based transfusion guidelines for the trial.

METHODS: Weused amodifiedDelphi process utilizing amulti-site, multi-disciplinary panel of experts to develop our transfusion guidelines. A survey
of 23 clinical categories onvarious aspects of transfusion practiceswas developed and distributed via SurveyMonkey®. Statementswere graded on
a 5-point Likert scale (“Strongly agree” to “This interventionmay be harmful”). Statementswere accepted if≥ 80%of the panelists rated the state-
ment as “Strongly agree” or “Agree”. After each round, the responses were calculated and the results included on subsequent rounds.

RESULTS: 35 panelists from four pediatric trauma centers participated in the study, including 11 (31%) pediatric EM physicians, 8 (23%) pediatric trauma
surgeons, 5 (14%) transfusionists, 5 (14%) pediatric anesthesiologists, and 6 (17%) pediatric critical care physicians (range of 8 to 10 from each
clinical site). Four survey iterationswere performed. In total 176 statementswere rated and 39were accepted by criteria across all 23 categories.
An rational algorithm for transfusion in trauma was then developed.

CONCLUSIONS: We successfully developed transfusion guidelines for various aspects of the management of children with hemorrhagic injuries using a mod-
ified Delphi process with broad interdisciplinary participation. We anticipate implementation of these guidelines will help minimize het-
erogeneity of transfusion practices across clinical sites for the upcoming clinical trial evaluating tranexamic acid in children with
hemorrhage. (J Trauma Acute Care Surg. 2019;87: 935–943. Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.)

KEYWORDS: pediatric; trauma; consensus; transfusion.

INTRODUCTION

Trauma is the leading cause of death in children older than
1 year, accounting for 30% to 50% of deaths.1 Four percent of
injured children receive a blood transfusion within the first
24 hours after hospital admission, and the mortality for children

who receive any blood transfusion is 13.6%.2 Research studies
from combat regions in the last decade and recent randomized
controlled trials have advanced the science of adult trauma
resuscitation.3–6 This has led to the generation of evidence-
based clinical practice guidelines for transfusion in adult
trauma patients.7,8

Evidence-based guidelines for transfusion in injured chil-
dren, however, are lacking. Existing pediatric transfusion guide-
lines have been developed by extrapolation of recommendations
for adult trauma patients.8,9 However, these extrapolated guide-
lines do not account for the unique mechanistic and physiologic
differences in pediatric trauma patients.10 Unfortunately, the
lack of evidence for pediatric transfusion after trauma, specifi-
cally on indications and thresholds to initiate transfusion and
the ratios of blood product components (red blood cells, plasma,
and platelets), duringmassive transfusion, has prevented the cre-
ation of evidence-based guidelines for children.

Protocol development for the Traumatic Injury Clinical
Trial Evaluating Tranexamic Acid in Injured Children (TIC-TOC)
(ClinicalTrials.gov NCT02840097) created a need to standard-
ize transfusion practices across study sites given the lack of pe-
diatric-specific evidence-based guidelines. Given this need, we
sought to use the Delphi method to build a comprehensive
consensus-based guideline for transfusion of blood products
in injured children.
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The Delphi method was developed in the 1950s by the
Rand Corporation to obtain reliable consensus statements regard-
ing highly complex military questions from a panel of experts.11

Since then, the Delphi method has become awell-recognized pro-
cess to generate consensus statements in medicine using iterative
surveys.11 The fundamental Delphi tenets include: (1) anonymity
of responses among Delphi panelists; (2) iterative surveys that
converge over time toward consensus; (3) controlled feedback
in between survey rounds; and (4) statistical “group response,”
where feedback in between survey rounds includes quantitative
data allowing nonemotional reevaluation of previous responses
in comparison to the whole panel.11 We hypothesized that we
would be able to generate consensus regarding transfusion prac-
tices in pediatric trauma using the above principles in a modified
Delphi process.

METHODS

Panel Formation
We included Delphi panelists with extensive experience in

pediatric trauma care from the four hospitals of the TIC-TOC
trial (Table 1). Fifty panelists were invited from the four institu-
tions across multiple specialties (pediatric emergency medicine,
pediatric/trauma surgery, anesthesia, pediatric intensive care,
and transfusion medicine) to meet our prespecified goal of at
least 23 panelists. A threshold of 23 panelists has been shown
to produce statistically reliable results over multiple rounds in
prior Delphi studies.12 Two authors (A.F.T., K.M.T.) acted as study
facilitators, did not participate on the panel, and were responsible
for data analysis after each survey round and the construction
of subsequent surveys.

Delphi Survey Development
Electronic surveys were created in SurveyMonkey (www.

surveymonkey.com) for distribution to the panelists (Supple-
mental Digital Content, Appendix, http://links.lww.com/TA/
B442). The surveys were designed to be completed anony-
mously. Three rounds of surveys were planned with the option
for a fourth round to address outstanding issues.

The first-round survey was developed based on a review
of prior literature and pilot tested and refined based on group
consensus of several authors (A.F.T., K.M.T., N.K., J.T.S.,

D.K.N.) prior to distribution to the Delphi panelists. The sur-
vey aimed to generate consensus across 25 clinical transfu-
sion categories. Examples of clinical categories included
transfusion triggers in hemodynamically stable children, vol-
umes and order of intravenous (IV) fluids and blood products,
massive transfusion definition, triggers, and blood product ra-
tios, and laboratory measurements. Anonymous comments by
panelists to the study facilitators were allowed and encouraged
to ensure validity of the survey content. The second through
fourth survey rounds were distributed after data analysis of prior
rounds and included a summary of the data analysis as feedback
to the panelists to inform subsequent responses.

Feedback included the results of the most recently com-
pleted round as expressed in percent agreement and disagreement
by the panelists on any one statement, interquartile ranges of re-
sponses, and the coefficients of variation for responses. Feedback
to the panelists also included the results of the responses stratified
by specialty. Comments by panelists from previous survey rounds
were also selectively included in the feedback.

Definition of Consensus
Statements were scored on a five-point Likert scale (1—

Strongly agree, 2—Agree, 3—Unsure, 4—Disagree, and 5—This
intervention may be harmful). Statements were accepted by the
panel if 80% or more of panelists rated a statement as either
“Strongly agree” or “Agree.” Panelists were allowed a response
of “Unsure,”which did not affect acceptance or rejection of a state-
ment. A statement was rejected if 80% or more panelists rated a
statement “Disagree” or “This interventionmay be harmful.” State-
ments that were neither accepted nor rejected were reconsidered in
subsequent survey rounds. Remaining statements that did not reach
consensus by the end of the third-round were rejected. A limited
fourth round was necessary to clarify several points of the final
algorithm. Accepted statements were incorporated into a final
transfusion algorithm. This was vetted by the panelists on a
final teleconference and accepted with some caveats given.

Analysis
Percent agreement and disagreement by the panelists, in-

terquartile ranges of responses, and the coefficients of variation
were all tabulated for every statement during the Delphi process.
Descriptive statistics were used to compare proportions between
rounds for overall rate of statement acceptance. Differences in
consensus by panelists' specialty and site were evaluated within
each round and between rounds with a χ2 test. A p value less
than or equal to 0.05 was considered to be statistically signifi-
cant. All statistical analyses were performed using SAS 9.3
(SAS Institute, Cary, NC).

RESULTS

Statement Evaluation
Thirty-five (70%) of the 50 invited panelists participated in

the entire modified Delphi process, exceeding our prespecified
goal of greater than 23 panelists (Table 1). A total of 176 statements
were graded during the first-round survey across the 25 clinical cat-
egories. A flow chart of accepted and rejected statements is demon-
strated in Figure 1. At the conclusion of the first-round survey,
12 (17.6%) statements were accepted as clinical recommendations

TABLE 1. Panel Composition

Survey Site Number (%)

Children's Hospital of Philadelphia/University of Pennsylvania 8 (23)

Nationwide Children's Hospital/Ohio State University 9 (26)

Primary Children's/University of Utah 8 (23)

University of California, Davis and UC Davis Health 10 (28)

Total 35

Specialty Number (%)

Pediatric surgery/trauma surgery 8 (23)

Emergency medicine 11 (31)

Pediatric intensive care 6 (17)

Anesthesia 5 (14)

Transfusion medicine 5 (14)

Total 35

Trappey et al.
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by our established criteria and 31 (17.6%) statements were
rejected (Table 2). An additional two statements that met criteria
for acceptance in the first-round survey were rerated in the
second-round survey due to comments by panelists.

In the second round, 133 statements were considered and
rated and 15 (11.3%) were accepted, while 70 (53%) statements
were rejected. Forty-eight statements were rated in the third-
round, with 9 (18.8%) statements accepted and 39 (81.2%)
rejected.

Round 4 was a limited round to add clarity to previously
accepted statements. The full list of accepted statements demon-
strated in Table 2 was then used to create a clinically-useful trans-
fusion algorithm (Fig. 2). The ideal transfusion ratio was used to
extrapolate ideal transfusion volumes by Broselow color (Fig. 3).

These interpretations of the results were vetted by the
panel on a last teleconference and were agreed upon after discus-
sion, with some caveats. One statement that was accepted in the
third-round was given a strong caveat during the end of study
teleconference: “In a hemodynamically unstable child with po-
tential ongoing bleeding, the most appropriate first step in resus-
citation is: 20 mL/kg of crystalloid.” The panel stated that this
was intended to represent a rejection of the concept of permis-
sive hypotension in children, and that if blood is immediately
available (not the case in some of the participating institutions),
it should be given first (20 mL/kg). If further resuscitation is re-
quired, the panel stated that packed red blood cell (PRBC) ad-
ministration should be followed immediately by fresh frozen
plasma (FFP) (10 mL/kg).

The proportion of statement acceptance between rounds
was significantly different (p = 0.03) (Table 3). The trend was to-
ward an increased proportion of statement acceptance through-
out the process.

Responses by Site and Specialty
There was an association between percent statement ac-

ceptance by panelists and their institutional affiliations in the
second-round survey (p = 0.003) that was not identified in the
first- and third-round surveys (p = 0.46 and p = 0.08, respec-
tively) (Table 3). Therewas an association between percent state-
ment acceptance based on specialty in the first- and second-round
surveys, but this was not identified in the third-round (p < 0.01
first and second rounds, and p = 0.41 third-round). In all rounds,
the pediatric intensivists were the most likely subgroup to
agree. The percentage of statements for which greater than
80% of subgroups (site and specialty) rated a statement either
“agree” or “strongly agree” (in the “agree” range) are demon-
strated in Table 3.

DISCUSSION

Using a modified Delphi method, we achieved consensus
regarding blood product transfusion practices for pediatric trauma
patients across twenty-three clinical categories, including indica-
tors, quantities and transfusion ratios. We were able to adapt these
consensus statements into a comprehensive, consensus-based and

Figure 1. Flow chart of accepted statements by Delphi survey round.
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TABLE 2. List of Statements Accepted by Delphi Survey Round

Accepted Statements by Round
% of Panelists Who
Accept Per Round

Round 1

The optimal resuscitative strategy in a hypotensive child
with signs of head injury who arrives to the trauma room with
potential ongoing bleeding is:

Crystalloid administration to attempt restoration
of normotension while awaiting blood products.

87.9%

During massive transfusion, the following laboratory values should
be performed at baseline:

CBC 94.1%

Chem 7 82.1%

Type and screen 100%

PT/PTT/INR 94.1%

The following laboratory values should be monitored periodically
during the course of ongoing massive transfusion:

CBC 94.1%

PT/PTT/INR 94.1%

Fibrinogen level 91.2%

The following laboratory values should be monitored at the
conclusion of a massive transfusion:

CBC 94.1%

Chem 7 82.4%

PT/PTT/INR 88.2%

Fibrinogen 91.2%

Round 2

In pediatric trauma, a hemodynamically stable child without symptoms
of anemia who is at low risk for bleeding should receive blood
transfusion to have their hemoglobin maintained at, or above:

6 g/dL R1–71.4%
R2–80.0%

In pediatric trauma, a hemodynamically stable child with symptoms
of anemia who is at low risk for bleeding should receive blood
transfusion to have their hemoglobin maintained at, or above*:

7 g/dL R1–94.3%
R2–80.0%

A hemodynamically stable child at high risk for bleeding should
have their platelet count maintained at or above:

50,000/μL R1–77.1%
R2–88.6%

A hemodynamically stable child with an average risk of bleeding
should have their platelet count maintained at or above:

20,000/μL R1–74.3%
R2–85.7%

A hemodynamically stable child at high risk for bleeding should have
their INR maintained at or below:

2.0 R1–64.7%
R2–80.0%

A hemodynamically stable child at average risk of bleeding should
have their INR maintained at or below:

2.0 R1–61.8%
R2–90.9%

What defines “massive transfusion” in children? The administration of blood products
equaling one or more blood volume in
24 hours or one half a blood volume
in 12 hours.

R1–70.6%
R2–85.7%

During massive transfusion, the following laboratory values
should be performed at baseline:

Lactate R1–70.6%
R2–82.4%

Fibrinogen

Point of care testing ABG or
VBG + Expanded lab assessment
including chemistry, hemoglobin/
hematocrit and lactate

R1–73.5%
R2–82.4%
R1–64.7%
R2–88.2%

The following laboratory values should be monitored
periodically during the course of ongoing massive transfusion:

Chem 7 R1–79.4%
R2–85.3%

Lactate

Point of care testing ABG or
VBG + Expanded lab assessment
including chemistry,
hemoglobin/hematocrit and lactate

R1–67.6%
R2–85.3%
R1–61.8%
R2–94.1%

The following laboratory values should be monitored at the
conclusion of a massive transfusion:

Lactate R1–67.6%
R2–85.3%2

Continued next page
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sensible transfusion guideline, including a transfusion algorithm
(includingmassive transfusion ratios/volumes) for injured children.

One of the strengths of this study was the multidisciplin-
ary, multiinstitution panel. The panel's recommendations repre-
sented a wide array of noncontroversial and controversial topics.
We interpreted those topics where our panel reached early con-
sensus in the survey process as the least controversial, while
those that reached consensus in the last rounds or required

clarification on the end of study teleconference as the most con-
troversial. Generally, those topics that reached early consensus
(first and second rounds) are those that had more support by
guidelines or evidence or had greater face-validity.

Topics that reached consensus in the first round: baseline
laboratories for injured children requiring massive transfusion
and the recommendation against permissive hypotension in head
injured patients. The acquisition of baseline laboratories at the

TABLE 2. (Continued)

Accepted Statements by Round
% of Panelists Who
Accept Per Round

Point of care testing ABG or
VBG + Expanded lab assessment
including chemistry,
hemoglobin/hematocrit and lactate

R1–50.0%
R2–88.2%

Round 3

The optimal resuscitative strategy in a hypotensive child
without signs of head injury who arrives to the trauma room
with potential ongoing bleeding is:

Crystalloid administration to attempt
restoration of normotension while
awaiting blood products.

R1–57.6%
R2–68.6%
R3–94.3%

In a hemodynamically unstable child with potential ongoing bleeding,
the most appropriate first step in resuscitation is†:

20 mL/kg crystalloid solution R1–55.9%
R2–77.1%
R3–97.1%

Under what circumstances should the pediatric massive transfusion
protocol be activated?

Anticipation of transfusion of >70 mL/kg
any blood product

R1–58.8%
R2–61.8%
R3–80.0%

Anticipation of transfusion of a blood
volume in 24 hours.

R1–67.6%
R2–70.6%
R3–88.6%

During massive transfusion of a bleeding child, PRBC should be
given in the following ratio in relation to FFP:

2:1 ratio by volume to simulate blood
product activity/ratios found in whole blood

R1–55.9%
R2–64.7%
R3–80.0%

During massive transfusion of a bleeding child, platelets should
be administered:

After every round of PRBC and FFP R1–47.1%
R2–67.6%
R3–80.0%

During massive transfusion of a bleeding child, platelets should be
given in the following ratio with PRBC and FFP‡:

1:1:1 ratio in an attempt to simulate the
activity/ratios present in whole blood–lower
platelet volume.

R1–50.0%
R2–70.6%
R3–82.9%

During massive transfusion of a bleeding child, cryoprecipitate
should be administered:

When the fibrinogen level is <100 mg/dL R1–47.1%
R2–73.5%
R3–88.6%

At a minimum, point of care testing (ideally ABG or
VBG/chemistry/hemoglobin/hematocrit/lactate) during massive
transfusion should be performed every:

1 hour R1–47.1%
R2–76.5%
R3–94.3%

Round 4

Under what circumstances should the pediatric massive
transfusion protocol be activated?

Anticipation of emergency transfusion of
>40 mL/kg of any blood product.

R1–52.9%
R2–70.6%
R3–74.3%
R4–97.1%

Under what circumstances should the pediatric massive
transfusion protocol be activated?

After emergency transfusion of >40 mL/kg
of any blood product.

R1–64.7%
R2–61.8%
R3–51.4%
R4–100%

Your patient remains hypotensive after your initial intervention.
In a hemodynamically unstable child with potential ongoing
bleeding, the most appropriate second step in resuscitation is: #

20 mL/kg PRBC R1–32.4%
R2–42.9%
R3–71.4%
R4–94.3%

ABG = Arterial Blood Gas. VBG = Venous Blood Gas.
*This statement was rerated in round 2–see text.
†This statement was accepted with caveats given on the end of Delphi teleconference. Rejecting the concept of permissive hypotension for children, hypotensive children should receive

resuscitation with whatever fluid is immediately available. If blood is immediately available, then it should be given first (also see round 4 statement marked with #).
‡This is rectified with the statement above in the discussion section. A 1:1:1 ratio of PRBC:FFP:platelets to simulate the activity found in whole blood was determined to be 2:1:0.3–0.5 by volume.
R1, round 1; R2, round 2; R3, round 3; R4, round 4.
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time of establishment of IV access for guiding resuscitation and
aiding in prognosis are intuitive.13 Likewise, the recommendation
against permissive hypotension in children with head injuries is
supported by adult trauma (US Army Institute of Surgical Re-
search) guidelines and adult studies that suggest that a strategy
that purposefully decreases cerebral perfusion pressure is not ad-
vised and may lead to worse outcomes.8,14

The recommendations given in the second-round survey
are supported by some published guidelines and data. These
recommendations expanded on the recommended laboratorymon-
itoring surrounding massive transfusion, and included recom-
mendations for transfusion triggers for hemodynamically stable
children. While data to support transfusion thresholds in these chil-
dren are lacking, there is a trend toward restrictive transfusion

Figure 2. Transfusion algorithm.

Figure 3. Broselow-based transfusion guide.
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strategies with all blood products, which is supported by guidelines
from the British Standards in Hematology Guidelines, guidelines
published by theAmericanAssociation of BloodBanks, consensus
recommendations from the Pediatric Critical Care Transfusion
and Anemia Expertise Initiative (not available during this
study), and some small trials.9,15–18 Similarly, the recommenda-
tion for defining massive transfusion as “the administration of
blood products equaling one or more blood volumes in 24 hours,
or one half a blood volume in 12 hours” is supported by recent
literature.19 In children, one-half of a blood volume is approx-
imately 40 mL/kg.20 In one study, resuscitation beyond this
threshold was independently associated with an increased
24-hour mortality.19

Topics that did not reach consensus until the third or fourth
round of surveys are the most controversial topics pertaining to
transfusion in pediatric trauma and panelist opinion represents
the highest level of evidence available. These topics include a re-
jection of the concept of permissive hypotension in children
with torso injuries (in addition to the rejection of the concept
in head injury discussed above) and massive transfusion ratios
and triggers. Regarding permissive hypotension in torso injury,
the concept is part of adult trauma guidelines and is an accepted
part of damage-control resuscitative strategy.8,14 Given the com-
mon observation that pediatric trauma patients may be able to
maintain normal blood pressures until sudden circulatory col-
lapse, the panel recommended immediate resuscitation in hypo-
tensive pediatric patients with whatever resources are available,
stating that, “In a hemodynamically unstable child with potential
ongoing bleeding, the most appropriate first step in resuscitation
is 20 mL/kg of crystalloid.”Upon review of accepted statements
at the end of study teleconference, the caveat was given that
blood should be given first if immediately available (which is
a challenge at some of the participating institutions).

Furthermore, in the third-round survey, the panelists rec-
ommended that during massive transfusion of a bleeding child,
PRBCs should be given in the following ratio in relation to
FFP: 2:1 ratio by volume to simulate blood product activity/ratios
found in whole blood.While the 2:1 ratio of PRBC to FFP is con-
trary to the findings of the Pragmatic, RandomizedOptimal Plate-
let and Plasma Ratios (PROPPR) trial,4 we point out that these
data were not generated in children and that data validating trans-
fusion ratios in massive transfusion for injured children is lacking.

From a theoretical standpoint, a 2:1 ratio of PRBC to FFP
by volume has been proposed in order to maintain adequate co-
agulation factor activity as well as oxygen carrying capacity.21

The theoretical risk of improperly proportioned ratios (by volume)
in children is magnified as the total circulating blood volume de-
creases. Moreover, an analysis of the Department of Defense
Trauma Registry demonstrated that a low ratio of PRBC to FFP
(approaching 1:1 by volume) increased the odds of mortality of
pediatric patients receiving any blood product within the first
24 hours of trauma admission.22 A subsequent study of the same
database by Cannon et al.23 revealed no difference in hospital
mortality for “balanced resuscitation” using a 1:1 ratio by volume
of PRBC to FFP. The study demonstrated that as the proportion
of plasma increased in relation to PRBC, hospital length of stay sig-
nificantly increased. Hence, the 2:1 ratio of PRBC/FFP proposed
by the panel. Further study will be needed to clarify the appropriate
ratio of PRBC/FFP for children during the empirical phase of
massive transfusion.

Regarding platelet administration, the following statement
was accepted by the panel: “During massive transfusion of a
bleeding child, platelets should be given in the following ratio
with PRBC and FFP: 1:1:1 ratio in an attempt to simulate the ac-
tivity/ratios present in whole blood – lower platelet volume.” In
order to rectify this statement with the 2:1 ratio by volume of

TABLE 3. Statement Acceptance by Subgroups

Round

1 2 3 Between-Round Comparison*

Subgroup Consensus 80 + % Agree (%) 80 + % Agree (%) 80 + % Agree (%) p value

Overall percent statement acceptance 6.8 11.3 18.8 0.0330

Specialty

Anesthesia 3.4 4.5 20.8 <0.0001

Emergency medicine 14.2 19.5 25.0 0.1693

Pediatric intensive care 16.5 22.6 27.1 0.1840

Pediatric surgery/trauma surgery 11.9 7.5 12.5 0.3945

Transfusion medicine 4.0 10.5 18.8 0.0026

Within-round comparison† p < 0.0001‡ p < 0.0001 p = 0.4105

Site

A 10.2 9.8 8.3 0.9263

B 12.5 17.3 18.8 0.3823

C 7.4 16.5 20.8 0.0102

D 9.7 4.5 29.2 <0.0001

Within-round comparison† p = 0.4572 p = 0.0032 p = 0.0787

*Between-round comparisons stratified by specialty and site except for the row demonstrating overall percent statement acceptance.
†Within-round comparisons between specialties and sites.
‡p<0.05 represents statistically significant differences and is demonstrated in bold.
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PRBC to FFP stated above, the transfusion medicine specialists
were asked to clarify that to attempt to simulate the activity of
whole blood, platelets should be administered in a 2:1:0.3 to 0.5
(PRBC:FFP:platelet) ratio by volume. For simplicity, this can be
represented as 20:10:5 mL/kg per round of transfusion with the
respective blood products.

By identifying a by-weight-based volume dosing of PRBC,
FFP, and platelets (made simple by the proposed Broselow-based
guide) we are hoping to avoid overresuscitation of children (espe-
cially the practice of using whole units of PRBCwhere it may not
be appropriate). Additionally, by stating that this first dose of
PRBC should be immediately followed by FFP and platelets,
the panel recognizes the need to mitigate the development of
trauma-induced coagulopathy.

While we think the recommendations of the panel repre-
sent a rational framework for resuscitation of injured children,
our overall goal in its development was to attempt to standardize
transfusion practices among the sites participating in the TIC-
TOC trial. Given that the primary outcome for the trial is volume
of blood product, standardization is of the utmost importance.
Adoption of these transfusion practices by the participating sites
is pending.

Limitations
Our results should be interpreted in the context of some

limitations. While developed rigorously using a modified Del-
phi method, these recommendations still represent panelist opin-
ion. Our goal was to have an equal number of panelists between
specialties and sites, however some groups were represented
somewhat more than others. To counter this, we performed anal-
yses grouped by specialty and sitewhich demonstrated no differ-
ence in statement acceptance based on these factors toward the
last survey round. Furthermore, it is possible that the results
could differ if we surveyed participants from other hospitals,
however, we had representation from five different specialty
groups from four geographically distinct trauma centers (includ-
ing 3 freestanding children's hospitals and an academic general
hospital), making this unlikely.

CONCLUSION

Using a modified Delphi process, our multidisciplinary
panel achieved consensus on statements in pediatric trauma re-
garding transfusion triggers in hemodynamically stable and
unstable patients, volumes and order of IV fluids and blood prod-
ucts, massive transfusion definition and triggers, blood prod-
uct ratios, and laboratory measurements. These accepted
statements were developed into a transfusion algorithm for se-
verely injured children.
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