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Abstract

Purpose The purpose of this quality improvement initiative was to use process mapping to identify the critical process steps
for executing massive transfusion in trauma patients with hemorrhagic shock in an academic emergency department. Under-
standing the relationships and complexity of care delivery steps in massive transfusion is needed to inform the development
of performance metrics and improve care delivery.

Methods This process mapping exercise was conducted in the academic emergency department of a verified trauma center
using the Institute for Healthcare Improvement framework. Interviews were conducted with emergency department staff
members, including nurses, technicians, pharmacists, and blood bank staff. Data collection included structured stakeholder
interviews and real-time observation of massive transfusion protocol deployment.

Results Seventeen interviews and real-time observations yielded 87 pages of interview text and 533 objects mapped. Two
key clinical decision points were identified: the decision to transfuse and the decision to image. The process was segmented
into initial protocol-based care and subsequent physician-driven care. High-level and mid-level process maps, incorporating
swim lanes, were created to highlight the process steps to deliver of massive transfusion to trauma patient in our academic
emergency department.

Conclusion Process mapping resulted in the creation of an agreed upon standard process that outlines critical steps and dis-
tinct phases of care in delivery of the massive transfusion protocol. These findings provide benchmarks for future improve-
ment work and performance measurement efforts.

Keywords Process mapping - Trauma - Mass transfusion - Learning health system - Improvement
Résumé

Objectif L’objectif de cette initiative d’amélioration de la qualité était d’utiliser la cartographie des processus pour identi-
fier les étapes critiques des transfusions massives chez les patients traumatisés par un choc hémorragique dans un service

Matthew A. Bergens and Jessica D. Guo have contributed equally to
this work.

P4 Zachary Ginsberg

Zachary.Ginsberg @duke.edu
1" Duke University School of Medicine, Durham, NC, USA
Department of Surgery, Duke University, Durham, NC, USA

Transfusion Services, Duke University Hospital, Durham,
NC, USA

Department of Pediatrics, Duke University School
of Medicine, Durham, NC, USA

Department of Emergency Medicine, Duke University,
Durham, NC, USA

€\ Springer Sﬁ% CAEP | ACMU


http://crossmark.crossref.org/dialog/?doi=10.1007/s43678-025-00898-2&domain=pdf
http://orcid.org/0000-0002-5395-2123
http://orcid.org/0000-0002-7066-2996
http://orcid.org/0000-0002-4296-7645
http://orcid.org/0000-0002-2838-3918
http://orcid.org/0000-0002-6047-6436
http://orcid.org/0000-0001-5461-4487
http://orcid.org/0000-0002-8157-2486

466 Canadian Journal of Emergency Medicine (2025) 27:465-469

d’urgence universitaire. Il est nécessaire de comprendre les relations et la complexité des étapes de prestation des soins dans
le cadre d’une transfusion massive pour éclairer 1’élaboration de mesures du rendement et améliorer la prestation des soins.
Méthodes Cet exercice de cartographie des processus a été mené dans le service d’urgence universitaire d’un centre de
traumatologie vérifié en utilisant le cadre de I’Institute for Healthcare Improvement. Des entrevues ont été menées avec le
personnel du service d’urgence, y compris les infirmieres, les techniciens, les pharmaciens et le personnel des banques de
sang. La collecte de données comprenait des entrevues structurées avec les intervenants et I’observation en temps réel du
déploiement d’un protocole de transfusion massive.

Résultats Dix-sept entrevues et observations en temps réel ont donné 87 pages de texte d’entrevue et 533 objets cartographiés.
Deux points de décision clinique clés ont été identifiés : la décision de transfuser et la décision d’imager. Le processus a été
segmenté en soins initiaux fondés sur des protocoles et en soins subséquents dirigés par un médecin. Des cartes de proces-
sus de haut niveau et de niveau intermédiaire, comportant des voies de baignade, ont été créées pour mettre en évidence les
étapes du processus visant a fournir une transfusion massive au patient traumatisé dans notre service d’urgence universitaire.
Conclusion La cartographie des processus a abouti a la création d’un processus standard convenu qui décrit les étapes essen-
tielles et les phases distinctes de soins dans le protocole de transfusion massive. Ces constatations fournissent des points de
repere pour les efforts futurs d’amélioration et de mesure du rendement.

Mots clés Cartographie des processus - Traumatisme - Transfusion massive - Apprentissage du systéme de santé -
Amélioration

balanced resuscitation [1]. Despite widespread adoption of
massive transfusion protocols, variability in care delivery is
associated with higher-than-expected mortality rates. This
implies that some deaths may be preventable, underscoring
the need for improved process design [2—4].

To measure the performance of any healthcare process,
it is necessary to identify the sequence of steps for which
failure at any one step prevents process success [5]. The aim

Clinician’s capsule

What is known about the topic?

Massive transfusion protocols improve patient out-
comes after traumatic injury with hemorrhage, how-
ever, clinically important variation exists in care
delivery.

What did this study ask?

What are critical steps and decisions required to opti-
mally execute massive transfusion during trauma
resuscitation in an emergency department?

What did this study find?

Benchmarkable clinical decision points and transi-
tions in care exist in the delivery of massive transfu-
sion during trauma resuscitation.

Why does this study matter to clinicians?

Process mapping of local systems can be used to
understand the complexity of executing massive
transfusion protocols in trauma patients.

of this exercise was to define the critical process steps for
massive transfusion for trauma patients with hemorrhagic
shock. Defining the critical process steps and meaningful
performance measures are the first steps to creating a Learn-
ing Trauma System, a system capable of continuous learning
from performance to improve patient outcomes [5].

To achieve this, the team mapped all process steps related
to massive transfusion for trauma patients with hemorrhagic
shock at an academic trauma center. The approach involved
stakeholder interviews and direct observation to map and
validate the critical process steps. From these observations
and mapping, we aimed to hypothesize meaningful per-
formance metrics for the institution’s massive transfusion
protocol to guide future validation, integration into clinical
workflows, and local improvement.

Introduction
Massive transfusion protocols, designed to expedite replace-

ment of blood loss, are the standard of care for patients with
hemorrhagic shock and reduce mortality through guided and

&)\ Springer gﬁ% CAEP | ACMU



Canadian Journal of Emergency Medicine (2025) 27:465-469

467

Methods
Context

This process mapping exercise was conducted in a qua-
ternary academic health system and American College of
Surgeons verified level 1 trauma center. The emergency
department has approximately 80,000 patient encounters
and over 4000 trauma activations each year. The team con-
sisted of physician faculty in emergency medicine, trauma,
critical care, transfusion medicine, and improvement sci-
ence. Additionally, faculty from an internally funded health
system administrative data laboratory provided data science
and design support. This work met the institutional criteria
for healthcare quality improvement and did not require eth-
ics review.

Approach

The objective of this quality improvement initiative was
to define the critical process steps for delivering massive
transfusion to trauma patients with hemorrhagic shock.
To achieve this objective, the process mapping framework
described by the Institute for Healthcare Improvement was
used, including standardized stakeholder interviews and
direct observation of massive transfusion protocol deploy-
ment. [6] The data collection process was divided into three
phases: (1) structured interviews of emergency department
staff (nurses, technicians, pharmacists); (2) structured inter-
views of blood bank staff; and (3) real-time observation of
transfusion practice to validate interview findings.

Defining scope

The project team held three initial meetings to structure the
project and define aims and process parameters. The targeted
population included adult patients (age > 15 years) receiv-
ing care as part of an institutional trauma team activation.
Established institutional massive transfusion protocol policy
guidelines defined the standard or intended care. To ensure
all relevant steps were captured for the process map and
critical pathway, information of interest started at patient’s
arrival to and concluded upon departure from the emergency
department, or death.

Interviewing stakeholders and process observation

A standardized and comprehensive interviewer guide was
developed to ensure consistency among the interviews.
The guide was designed to elicit challenges and successes
using a Strengths, Weaknesses, Opportunities, and Threats

(SWOT) framework [7]. Specifically, the interviews tar-
geted essential tasks, reports of actual experiences rather
than written local practice guidelines, positive and negative
deviations from standard practice, and direct observation.
Observations focused on equipment use, blood processing,
and electronic documentation. During observations of actual
patient encounters, fishbone diagrams (Ishikawa diagrams)
were used to collected observed, patient-specific deviations
from protocol and policies [6, 8].

Documentation and diagramming

Documents were stored in cloud-based secure files, includ-
ing digital archives of paper notes, staff interviews, deliv-
erables, and meeting notes. A detailed map of the massive
transfusion process was continuously updated using a shared
Miro Board [Software version 2.5, available at www.miro.
com] (Fig. 1A, B), accessible to and iteratively updated by
all team members.

Results

Interviews occurred from February 2024 through April
2024, each lasting 15-30 min. Two medical students led
the interviews, generating 1-5 pages of written information
from each interview, for a total of 87 pages. The documented
findings were qualitatively organized on the actual-state
process map for a total of 533 objects on the map. During
the interview phase, four team meetings were held to share
learnings, followed by three wrap-up meetings to finalize
deliverables. The key outputs of the project included: (a) a
high-level process map (Fig. 1A), (b) a mid-level map using
swim lanes to organize tasks by roles (Fig. 1B), and (c) a
detailed actual-state process map intended to be a continu-
ously updated living document for local use.

A diverse pool of 17 emergency staff members partici-
pated, representing a wide range of roles, including 3 emer-
gency department technicians (paramedics or medical assis-
tants), 6 registered nurses, 1 pharmacist, and 7 blood bank
staff. The questionnaire underwent iterative improvement to
ensure consistent feedback and elicit thoughtful responses
from staff. The three phases included: (1) a brainstorm-
ing stage with open-ended questions to establish a broad
overview of massive transfusion protocol and challenges in
its execution; (2) a simulation stage to observe task perfor-
mance during a mock massive transfusion protocol; and (3)
a refinement stage to validate the process depiction against
actual patient care experiences. Interviews were conducted
sequentially in the first two phases to gather role-specific
insights, while the third phase involved observing active
transfusion practice to cross-verify the information obtained
during interviews.
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Fig. 1 Critical process steps of a massive transfusion protocol: high-
level process map depicting key clinical decision points and phases
of care (1A), and swim lane diagram highlighting role-specific tasks

The primary result was the creation of a critical pathway
mayp, illustrated by a high-level process map (Fig. 1A). Key
findings include two key clinical decision points: (1) the
decision to transfuse and (2) the determination of patient
stability for subsequent steps in care, specifically proceeding
with cross-sectional imaging. Additionally, the process was
segmented into two phases of care: (1) an initial institutional
standard of care for all trauma patients characterized as a
protocol-based, nurse-driven phase; and (2) a subsequent
phase that required physician orders based on patient-spe-
cific conditions. To contextualize the critical process steps
within the local institution, swim lanes were used to outline
the role-specific tasks within the process (Fig. 1B). This
approach facilitated the identification of care segments sus-
ceptible to over-processing inefficiencies, safety risks and
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and identified inefficiencies in the massive transfusion protocol (1B).
PMRO Patient Revenue Management Organization, CSN Contact
Serial Number, MRN Medical Record Number

imprecise data capture, such as duplicated tasks or parallel
tasking with common workarounds to offset inefficiencies.

Discussion
Interpretation of findings

The critical process steps for massive transfusion in trauma
patients with hemorrhagic shock were successfully defined,
which resulted in the creation of a critical pathway for the
massive transfusion protocol. The use of swim-lanes facili-
tates the understanding of institution-specific practices.
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Comparison to previous studies

Minimal literature exists mapping the care delivery process of
transfusion, and no descriptions were found of mapping the pro-
cess of massive transfusion within the context of this quality
improvement initiative. Thus, a gap in the literature was filled
by focusing on mapping massive transfusion care processes and
creating a framework for benchmarking performance, under-
scoring the novelty and importance of the work.

Strengths and limitations

Several limitations warrant acknowledgement. First, the possi-
bility of bias from interviewer and interviewee exists. Bias was
mitigated by ensuring broad representation of staff roles and
experiences among the interviewees. Additionally, findings from
a single site requires validation at other institutions to assess
variations in care. To minimize this limitation, small locally
relevant details were omitted while preparing a version for pub-
lication to enhance clarity of the process map while maintaining
fidelity to the institutional process.

Clinical implications

The swim lane process map is a valuable tool for identify-
ing inefficiencies and opportunities to streamline procedures,
enhance communication, and improve care for patients with
hemorrhagic shock. It also provides a structured approach
for addressing variability in care delivery. From this work,
future investigation can evaluate local performance based
on critical process steps, identify process gaps, and uncover
opportunities for process improvement, increase protocol
adherence and improve outcomes.

Research implications

The critical pathway developed could provide a common
framework for other teams and institutions to use when con-
ducting their process mapping and benchmarking efforts.
Data elements and performance metrics can be defined using
the critical pathway, facilitating measurement of outcomes
and identifying potential drivers of harm [5, 9, 10]. Addi-
tionally, this structured approach to defining critical process
steps could enable future quality improvement initiatives to
explain differences in patient outcomes, something that is
currently challenging among investigators.

Conclusion

Process mapping of massive transfusion care delivery
processes for patients with traumatic hemorrhagic shock
led to the creation of an agreed upon standard process

that outlines critical steps in care delivery. Critical deci-
sion points in the pathway include: (1) the decision to
transfuse and (2) decisions about hemodynamic stabil-
ity before proceeding to subsequent aspects of care.
Additionally, process mapping with swim lanes allowed
for the understanding and visualization of care deliv-
ery in traumatic resuscitation as a phased approach:
(a) processes that are driven by institutional standard
work and (b) processes guided by real-time physician
decision-making. Our high-level process map outlines
this critical pathway and provides a framework for local
improvement. Though developed at a single institution,
this framework may guide other institutions in refining
high-acuity care delivery.
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