
Implementation of an Algorithm for Goal-
Directed Hemostatic Resuscitation in Trauma

Item Type DNP Project

Authors Westbrook, Lauren M.

Publication Date 2020-05

Abstract Problem & Purpose Hemorrhage is the leading preventable cause
of death following an injury and causes 30 to 40 percent of all
trauma deaths. Trauma patients are highly susceptible to life-
threatening coagulopathies which potentiate bleeding and r...

Keywords hemostatic resuscitation; rTEG; Algorithms; Blood Transfusion;
Hemostasis; Thromboelastography; Wounds and Injuries

Download date 19/05/2023 15:04:19

Link to Item http://hdl.handle.net/10713/13722

http://hdl.handle.net/10713/13722


Running head: ALGORITHM FOR HEMOSTATIC RESUSCITATION IN TRAUMA 1 

 

 

 

Implementation of an Algorithm for Goal-Directed Hemostatic Resuscitation in Trauma 

By 

Lauren M. Westbrook 

Under Supervision of 

Bimbola F. Akintade PhD, MBA, MHA, ACNP-BC, NEA-BC 

Second Reader 

Shannon Idzik, DNP, ANP-BC, FAANP, FAAN 

 

 

A DNP Project Manuscript 

Submitted in Partial Fulfillment of the Requirements for the 

Doctor of Nursing Practice Degree 

 

 

 

University of Maryland School of Nursing 

May 2020 

 

 

 

 



ALGORITHM FOR HEMOSTATIC RESUSCITATION IN TRAUMA 2 

Abstract 

Problem & Purpose 

Hemorrhage is the leading preventable cause of death following an injury and causes 30 

to 40 percent of all trauma deaths. Trauma patients are highly susceptible to life-threatening 

coagulopathies which potentiate bleeding and require specialized diagnostics to identify and 

manage.  Thromboelastography (TEG) effectively identifies trauma-induced coagulopathies, and 

offers customized strategies for hemostatic resuscitation, resulting in less blood product 

transfused, better survival rates, and shorter lengths of stay.  The purpose of this evidence-based 

quality improvement project was to facilitate the process of goal-directed hemostatic 

resuscitation in trauma patients requiring massive transfusions by protocoling the use of an 

algorithm for rapid TEG (rTEG) guided hemostatic resuscitation during massive transfusion 

events (MTE).  

Methods 

For a Level I Trauma Center admitting unit with rTEG capabilities, an evidence-based 

algorithm for rTEG interpretation and application was modified to include rTEG in the existing 

MTE criteria.  Multi-modal educational resources for rTEG interpretation were provided, and 

processes impeding unit workflow and practices to facilitate integration of rTEG in to active 

trauma resuscitation were addressed.  Total number of blood products given during MTEs were 

compared with unpaired T-tests between implementation (September – October 2019) and 

baseline (September – October 2018) timeframes.  Staff perceptions of TEG value and 

application in trauma were assessed before and after implementation of the algorithm.  

Results 

Despite numerous challenges throughout project implementation, staff were significantly 

more comfortable with interpreting TEGs (p=0.002) and teaching TEG interpretation to other 
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nurses (p=0.04) following implementation of the algorithm.  Cryoprecipitate (CRYO) 

administration increased despite having less MTEs in the implementation period, which may 

reflect increased awareness of hemostatic resuscitation strategies (ratio of CRYO to MTE in 

2018: 0.48; 2019: 0.78).  No significant difference was found between the volumes of blood 

products transfused during implementation and baseline timeframes.  

Conclusion 

Algorithmic approaches to rTEG application in trauma resuscitation should be considered 

to enhance nurses’ confidence in rTEG interpretation.  Protocoling the use of TEG in trauma-

related MTEs may improve adherence to evidence-based goal-directed hemostatic resuscitation 

strategies through the use of hemostatic blood products.  Point-of-care rTEG procedures require 

extensive multi-disciplinary collaboration, which can be facilitated by a designated process 

champion.   
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Implementation of an Algorithm for Goal-Directed Hemostatic Resuscitation in Trauma 
 

Introduction 

The field of trauma resuscitation is a complex and evolving phenomenon that utilizes 

strategic interventions to optimize the survival of acutely injured trauma patients.  Trauma and 

injury are the leading cause of death worldwide with hemorrhage identified as the leading 

preventable cause of death following injury, accounting for 30 to 40 percent of all trauma deaths 

(World Health Organization, 2016; Inaba et al., 2015; American College of Surgeons, 2020).  

Traumatic hemorrhage is often potentiated by an insidious hematologic complication known as 

trauma-induced coagulopathy (TIC), which is present in one-quarter to one-third of all trauma 

patients, and causes a four to eight-fold increase in mortality (Simmons & Powell, 2016; Salinas, 

2017). The recent evolution of damage control resuscitation (DCR) techniques has demonstrated 

some benefit in addressing TIC, but continues to lack a customized hemostatic strategy for 

coagulopathies, which may result in excessive and unnecessary blood product transfusions 

(Langan, Eckert, & Martin, 2014; Sharp & Young, 2018; Schochl et al., 2011).   

Rapid identification and effective treatment of TIC is essential for proper management 

and patient survival (Simmons & Powell, 2016). Viscoelastic (VE) assays offer a real-time 

graphic representation of coagulopathic and hemostatic abnormalities, and have been shown to 

accurately predict transfusion requirements in trauma settings (Ives et al., 2012).  The application 

of VE testing such as thromboelastography (TEG) (Haemonetics, Braintree, MA) in algorithmic 

treatment protocols during active trauma resuscitation have also been associated with a reduction 

in total blood product transfused, which is likely to reduce patient complications and overall 

costs of treatment (Sharp & Young, 2018; Solomon, Asmis, & Spahn, 2016).   

The admitting unit of an urban, academic, Level I Trauma Center had bedside rapid TEG 

(rTEG) capabilities (Analyzer 5000, Haemonetics, Braintree, MA) which were rarely utilized 
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during active trauma resuscitations.  Provider utilization varied, and nursing staff demonstrated 

knowledge gaps in the ability to interpret and apply rTEG values to ongoing massive blood 

product transfusion requirements.  The purpose of this evidence-based quality improvement (QI) 

project was to facilitate the process of goal-directed hemostatic resuscitation in trauma patients 

requiring massive transfusions by protocoling the use of an algorithm for rTEG-guided 

hemostatic resuscitation during massive transfusion events (MTE).  

Literature Review 

The benefit and methods for applying VE assays in trauma resuscitation was the focus of 

this literature review.  The review will first examine the benefits of VE testing in the trauma 

population, and the effect of VE assays on the volume of blood product transfused during 

resuscitation.  This review will then discuss the benefits and challenges of using algorithms in 

VE-guided trauma resuscitation. See Table 1 for details of the articles discussed below.  

While well-established in other surgical populations, VE testing is a recent and growing 

arena for the field of resuscitative science in trauma, and is now suggested as helpful adjunct for 

guiding the resuscitation of hemorrhaging patients by the American College of Surgeons 

(Whiting et al., 2015; American College of Surgeons, 2018).  Many of the benefits associated 

with VE-guided resuscitation are suggested to derive from the reduction in total blood product 

transfused, due to the strategic use of hemostatic blood products in early resuscitation.  

A systematic review of observational studies on VE assays in the trauma population 

suggested a reduction in the volume of blood product transfused when VE assays were used to 

guide massive transfusions rather than conventional coagulation assays (CCA) (Da Luz, 

Nascimento, Shankarakutty, Rizoli, & Akhikari, 2014).  In four interventional studies, VE-

guided resuscitation groups demonstrated global reductions in 24-hour blood product volume 

transfused compared to standard DCR methods, suggesting that early hemostatic management in 
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trauma resuscitation decreases subsequent blood product demands (Mohamed, Gul, Kennedy, 

Salib, & McCann, 2017; Nardi et al., 2015; Schochl et al., 2011; Stein et al., 2017).  Gonzalez et 

al. (2016) demonstrated less platelets (PLT) (P=0.041) and fresh frozen plasma (FFP) (P=0.022) 

transfused within two hours of admission in the VE group compared to the CCA group, but did 

not have a significant difference in total volumes transfused at 24 hours.  Notably, however, the 

significant survival benefit in Gonzalez et al.’s (2016) VE group was found to be greatest within 

the first six hours of admission (P=0.010), which is also within when the VE group received 

significantly less PLT and FFP.  This suggests that the timing of select hemostatic blood 

products guided by VE assay may have a greater impact on survival than the overall volume of 

product transfused.  Conversely, Prat, Meyer, Ingalls, Trichereau and DuBose (2017) found an 

increase in 24-hour blood product volume administration in the VE-guided group compared to 

the standard DCR administration group, but this was caused by an increased the number of 

coagulant factor transfusions (PLT and cryoprecipitate [CRYO], p=<0.001).  While there was 

more product given in Prat et al.’s (2017) VE group, it ultimately facilitated a more balanced 

DCR ratio of products transfused than in the standard transfusion group and suggested further 

benefit of goal-directed resuscitation with VE assays, as standard DCR approaches may neglect 

essential hemostatic blood products. 

Viscoelastic assay interpretation is complex, and active trauma resuscitations have 

demonstrated benefits from an algorithmic approach.  Sharp and Young (2018) state that an 

algorithm for VE assay interpretation is especially beneficial for offering providers a systematic 

approach to interpretation and application of a complex test, in addition to reducing blood 

product transfusions and increasing cost savings.  Algorithms were used in six interventional 

studies to guide treatment choices based off VE assay values, but variations in formatting and 

thresholds limit generalizability of results between studies (Gonzalez et al., 2016; Mohamed et 
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al., 2017; Nardi et al., 2015; Schochl et al., 2011, Stein et al., 2017; Prat et al., 2017).  Four of 

the six studies examined suggested thresholds for select product administration but neglected to 

include the volumes of product that should be given for each unmet threshold, leaving the choice 

to providers and subsequently making controls for study replication challenging (Prat et al., 

2017; Schochl et al., 2011, Mohamed et al., 2017, Stein et al., 2017).  Gonzalez et al. (2016) and 

Nardi et al. (2015) used defined algorithms for treatment with clear thresholds and volumes of 

product to be transfused, lending strong reliability and validity to their demonstrated outcomes. 

Despite inconsistencies in design or thresholds of the algorithms, it is clear that the 

complexity of VE assay interpretation is moderated by this structured and systematic approach.  

Due to its rigorous application of industry accepted rTEG thresholds, and comparable setting of 

implementation, the algorithm used by Gonzalez et al. (2016) was adapted for use in this 

proposed project (Appendix A).  Criteria for triggering a MTE was changed to reflect the 

implementation site policy for MTEs, while rTEG thresholds for transfusion remained the same 

(Gonzalez et al., 2016; Gonzalez, Moore, & Moore, 2017; Appendix B).  The use of VE assays 

in trauma resuscitation result in more strategic product transfusions, thereby benefiting a variety 

of patient outcomes.  Algorithms offer a consistent method for systematic and goal-directed 

hemostatic resuscitations, and may help facilitate the introduction of VE assay use in dynamic 

resuscitation environments.  

Theoretical Framework 

One of the most well-known theoretical frameworks for managing change is Kurt 

Lewin’s three-step Theory of Change (Peterson & Bredow, 2009).  Despite criticism for its 

oversimplification of an endemically complex process, Lewin’s theory accurately describes the 

three foundational steps of managing planned change as unfreezing, movement, and refreezing, 

using manipulation of a group’s equilibrium to drive and control sustained change (Peterson & 
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Bredow, 2009; Lewin, 1947).  The three steps of Lewin’s change theory were used to guide the 

implementation of a goal-directed hemostatic resuscitation algorithm for patients requiring 

massive transfusions.  Lewin’s systematic approach to shifting a group’s focus and garnering 

support offered the sustainability necessary for this proposed practice change.   

Unfreezing began with the recognition that despite full availability of bedside point-of-

care (POC) rTEG, the technology was undervalued and underutilized in the setting of project 

implementation, most often due to knowledge and application gaps.  Staff prioritization of 

quality care and optimal outcomes was utilized throughout the application of the proposed 

algorithm.  Driving forces for change included strength of the available evidence, availability of 

the technology, and provider support.  Restraining forces included staffing availability and 

change fatigue, prioritization of the intervention, and accessibility of rTEG results in the 

electronic health record (EHR).  For implementation of the proposed algorithm in the movement 

stage, driving forces were supported through provider buy-in and extensive nursing education 

and support.  Reduction of restraining forces were addressed by considering alternative staff 

resources to run POC TEGs, as well as reinforced methods of staff education and EHR crossover 

options.  Refreezing the change in to standard practice required ongoing education and 

sustainability evaluation by unit champions, and working with other units to develop hospital-

wide education and reinforcement for the benefits of TEG-guided resuscitation.    

Methods 

 This QI project included acute trauma patients who had a MTE ordered while in the 

admitting unit of a Level I Trauma Center.  Initiation of the MTE was based on the facility’s 

current MTE policy (Appendix B).  Patients who did not have a MTE ordered while in the 

admitting unit, or who qualified for select research projects, were excluded.   
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 Altering structures and processes for successful change in the implementation setting 

required careful consideration.  Structures addressed in this QI project were unit staff’s 

knowledge deficit surrounding TEG interpretation, the staffing of two trauma technicians (TT) 

per shift when possible, creation of a POC rTEG provider order in the EHR, and implementation 

of a document scanner to allow real-time transcription of POC rTEG paper results in to the 

patient’s EHR.  Multi-modal education for use of the algorithm and TEG interpretation was 

provided to the staff through one-on-one training, scholarly articles, bulletin board displays and a 

resource binder for just-in-time referencing (Appendices C and D).  Badge-tags with brief rTEG 

interpretation guidelines and the algorithm were also provided to all bedside staff. (Appendix E).   

Additional plans for formal simulated training, and hands-on education from the TEG 

manufacturer representative were unable to be completed within the limited time frame due to 

scheduling conflicts (please see Appendices F and G for planned education).  Two multi-

disciplinary meetings were held with laboratory, unit staff and management, POC, information 

technology, and billing representatives to discuss the creation of an EHR order to better track 

POC rTEGs (Appendices H and I).  Unit-based rTEG results were printed on paper and not 

readily accessible in the EHR, so a health information management (HIM) document scanner 

was identified as an effective way to upload POC rTEG results in to the EHR quickly.  A step-

wise guide for staff to access in-progress lab-run TEGs in real time was also created for when 

POC rTEG was unavailable (Appendix J). 

 The processes to be changed focused on the behaviors of the providers and nurses during 

MTEs.  Training the nursing staff to correctly identify patients who would benefit from a rTEG 

was the first process to be addressed, and staff were asked to incorporate a POC rTEG for every 

MTE ordered, following the algorithm to guide choices for hemostatic blood product transfusion 

(Appendix B).  A planned process change was to encourage providers and nursing staff to begin 
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entering the POC rTEG order in the EHR whenever a unit rTEG is performed, but this was not 

feasible given that the order could not be created in the allotted implementation time.  Additional 

process changes focused on helping nurses and TTs share responsibilities during MTEs.  A 

reflective vest, marked with “TEG IN PROGRESS”, was introduced for TTs to wear while 

performing rTEGs, to visually cue other staff to allow the TT time and space to focus on the 

technical performance of the test.   

  Primary data collected for this project included the number of POC rTEGs, MTEs and 

number of units of blood products (red blood cells [RBC]; FFP, PLT, CRYO) transfused within 

24 hours of each MTE initiation for all included patients during the eight-week project 

implementation period in 2019.  For comparison, the same data was collected for the parallel 

time period in 2018 when rTEG was available, but no standard algorithm was used to guide 

hemostatic blood product choices.  Staff-reported perceptions of TEG interpretation and value in 

resuscitative efforts were collected with identical pre- and post-implementation surveys 

(Appendix K).  Staffing of TTs and nurses during implementation was collected retrospectively 

from unit schedules.  

 The number of MTEs and volumes of blood products transfused between the designated 

2018 and 2019 timeframes were compared using an unpaired two-tailed t-test in Microsoft 

Excel® (Redmond, WA).  For staff surveys, an unpaired two-tailed t-test in Excel® was used to 

evaluate the effect of education and algorithm use on staff impressions of using TEG in clinical 

settings.  Staffing numbers throughout implementation were averaged weekly.  Data was stored 

on a password protected laptop to maintain security and confidentiality throughout the project.  

Results	 

Project implementation data was collected between September 1 and October 31, 2019. 

Comparative MTE and blood product transfusion data was collected from September 1 through 
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October 31, 2018 in order to account for the seasonality of trauma admissions.  Project 

implementation and data collection was planned to end November 30, 2019, but stopped four 

weeks prematurely due to an unexpected shortage of essential supplies related to a new inventory 

tracking system, which prevented POC rTEGs from being performed.  Approval of a HIM 

scanner to facilitate integration of paper rTEG results into patients’ EHRs was completed after 

data collection stopped.  Integration of a POC rTEG order into the EHR was not completed 

during implementation due to challenges with associated billing. 

Anonymous five-question Likert-style surveys were sent to assess staff perceptions of 

comfort with, and valuation of TEGs before (68% response rate; n=34) and after (44% response 

rate; n=22) project implementation.  Staff reported a significant increase in overall perceptions of 

the value of TEGs and confidence with utilizing TEG values following implementation of the 

algorithm (p=0.005).  Specific significant improvement was noted in staff’s perceived comfort 

with TEG interpretation (“How comfortable are you with interpreting a TEG?”; Pre: 1.76, Post: 

2.63; p=0.002), and their ability to teach others about TEG interpretation (“How confident would 

you feel teaching another nurse to interpret a TEG?”; Pre: 1.52, Post 2.27; p=0.04) (Table 2).  

During implementation, a total of 23 MTEs were ordered, and 5 rTEGs were run, 

compared to 27 MTEs and 8 rTEGs in 2018 (Table 3). Staffing of TT trained to run rTEGs was 

below par throughout implementation (TT staffing par: two per shift; average during 

implementation: one per shift).  Direct use of the algorithm was not measured due to feasibility.  

The ratio of total CRYO units to number of MTEs was higher in 2019 (0.78) than in 2018 (0.48), 

despite having less total MTEs in 2019.  This may suggest that an emphasis on goal-directed 

resuscitation encourages selection of appropriate hemostatic products in the setting of traumatic 

MTEs.  There was no significant difference in the number of blood product units transfused 

during MTEs between 2018 and 2019 (PRBC [2018: 380; 2019: 275; p=0.50], FFP [2018: 300; 
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2019: 229; p=0.72], PLT [2018:48; 2019: 40; p=0.95], or CRYO [2018: 13; 2019: 17; p=0.46]) 

(Table 3).  Use, interpretation and application of rTEG for the choices of hemostatic blood 

products remained provider-dependent throughout implementation and comparison timeframes 

and was therefore was highly variable. 

Discussion 

While the dynamic and complex process of TIC is still not fully understood, the 

introduction of VE testing has allowed providers a tool to better assess and directly treat 

coagulopathies in the hemorrhaging trauma patient.  This project was designed to promote and 

facilitate the use of rTEGs in an admitting trauma unit by targeting educational gaps and 

standardizing treatment approaches.  As the benefits of using TEG to guide trauma resuscitation 

become more clearly established, the methods for establishing a treatment strategy and fidelity in 

a unit-based setting are largely unexplored.  To date, no known publications have addressed best 

practices for starting a unit-based POC rTEG system, and this project sought to address barriers 

and facilitators to consider in the process.   

Algorithmic approaches to VE use in resuscitation have been associated with reductions 

in product transfusion, but no studies have been identified to address effect on staff perceptions 

of VEs (Sharp & Young, 2018).  Post-algorithm implementation surveys of unit staff’s 

perceptions and valuation of TEG in the trauma setting increased positively, with significant 

increases in perception of personal comfort with TEG interpretation and the ability to teach 

others about TEG interpretation.  Multi-modal education and readily accessible resources for 

TEG interpretation, such as an algorithm, likely contributed to this improvement in staff 

confidence, and could be valuable for simplifying this complex diagnostic.  

The project demonstrated minimal application of the algorithm relative to the number of 

MTEs during implementation. There was no significant change in the volume of product 
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transfused following implementation of an algorithm, but an increased ratio of CRYO to MTEs 

was noted in 2019, despite having less total MTEs than in 2018.  Since POC rTEG was available 

for the comparison and intervention timeframes, direct comparisons to current evidence (which 

associates reductions in product transfusion with the new implementation of VE testing) may not 

be applicable in this context (Mohamed et al., 2017; Stein et al., 2017).  It was anticipated that 

increased advocacy, educational opportunities, and algorithmic tools for TEG interpretation 

during project implementation would revitalize an under-utilized test, and encourage providers 

and staff to use this evidence-based practice more consistently.   

Two interventional studies identified increased volumes of select hemostatic products 

given at six and 24-hour time points following the introduction of VE testing (Gonzalez et al., 

2016; Prat et al., 2017, respectively).  Increased volumes of CRYO administered in the current 

project’s implementation period, despite having less total MTEs than the comparison, may be 

associated with the increased emphasis and unit-based education on goal-directed hemostatic 

resuscitation during the implementation phase.  A limitation of this project is that only POC 

rTEGs were tracked for data analysis, negating the regular use of lab-run TEGs when staff was 

not able to run a POC rTEG, for which the algorithm could also have been referenced.  Total 

volumes of product transfused outside of MTEs, and global assessment of algorithm impact were 

beyond the scope of this project.   

The limited number of rTEGs run during implementation was likely due to limited 

staffing resources, provider discretion, and a truncated implementation period.  Trauma 

technicians held primary responsibility for running rTEGs, however the TT had multiple 

simultaneous responsibilities during active resuscitations, and the demands of technical and time-

sensitive rTEGs were not always feasible in an acute resuscitation setting.  In addition to a 

shortage of personnel to run rTEGs, the physician champion for the project left the facility prior 
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to project implementation, and enforcement of consistent practice among providers suffered.  

Data collection was terminated early due to a shortage of essential non-additive blood transport 

tubes required to carry blood from patient to the rTEG system.  A new supply ordering system 

for the unit was unable to maintain par for these tubes, and the unit of implementation was the 

only unit in the hospital system to use them.  The operationalization of a POC rTEG process is a 

highly collaborative interdisciplinary process, that requires thorough consideration of resources, 

structures, and processes, to ensure successful implementation.   

Conclusion 

This evidence-based QI project offers considerations for initiation or enhancement of a 

unit-based POC rTEG process.  Education and emphasis on the use of rTEG to guide hemostatic 

blood product choices in massive transfusions of trauma patients may result in more customized 

resuscitations with increased use of certain hemostatic blood products.  Strategic education and 

use of a systematic algorithm to guide TEG interpretation have a positive effect on nurses’ 

comfort level and advocacy for TEGs, and should be utilized when establishing a unit-based 

process for rTEG.     

Comprehensive assessment and optimization of unit resources and workflows are 

required to achieve successful and consistent use of this valuable diagnostic.  Sustainability for 

this project is highly interdependent on the structures and processes of hospital, providers and 

unit-based staff, and reflects the collaboration required to ensure consistent and evidence-based 

care of trauma patients requiring resuscitation.  Given the extensive interdisciplinary and 

interdepartmental collaboration required for a POC rTEG process, a designated process 

champion role may facilitate communication and better address barriers to optimize patient care. 

Further QI projects are needed to identify optimal unit-based structures and processes to ensure 

consistent use and application of VE assays in the acute trauma setting.   
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Table 1. 
 
Literature Review 
 
Author, year Study 

objective/intervention 
or exposures compared 

Design Sample (N) Outcomes 
studied (how 
measured) 

Results *Level 
and 
Quality 
Rating 

Gonzalez et al., 
2016 

To evaluate 28-day 
survival rates, and blood 
product usage, for trauma 
patients requiring MTPs 
who received hemostatic 
resuscitation guided by 
either CCAs or TEG. 
 

Pragmatic 
randomized 
control trial 
 

N=125; 7 removed for not 
meeting criteria; 7 removed 
due to death within 30 
minutes of arrival (no 
blood drawn) 
  
111 subjects eligible for 
analysis in the “intent to 
treat” groups  
CCA group: 55  
TEG group: 56 
 
Note: Analysis was also 
performed in “as treated” 
groups in which 8 CCA 
subjects had TEG results 
un-blinded by physician 
request to facilitate 
treatment, and were thus 
included in the “as treated” 
TEG group analysis (TEG 
= 64; CCA = 47). 
 

IV: MTP directed 
by TEG through 
defined algorithm 
 
Comparison: 
CCA-guided 
resuscitation 
(current standard 
of care) 
 
DV: 28-day 
survival 
Secondary DV: 
Blood product 
requirements at 2, 4, 
6, 12, and 24 hours 
from injury 

CCA group received 
more FFP and more PLT 
in the first two hours 
compared to TEG group 
(FFP P=0.022; PLT 
P=0.041).  RBC and 
crystalloid volumes 
were similar for both 
groups at each time 
point. 
 
Additional plasma and 
platelets given in CCA 
group did not improve 
timed coagulation 
assays; this suggests that 
more blood product 
usage may not offer a 
hemostatic advantage. 
 
Of note: 
Twenty-eight-day 
survival was 
significantly higher in 
the TEG group 
(Wilcoxon P = 0.027). 
6-hour post-injury 
survival was also 
significantly higher in 

2A 
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Author, year Study 
objective/intervention 
or exposures compared 

Design Sample (N) Outcomes 
studied (how 
measured) 

Results *Level 
and 
Quality 
Rating 

the TEG group (P = 
0.032) 
 
“As treated” group 
analysis also 
demonstrated more 
favorable survival rates 
to the TEG group 
(Wilcoxon P = 0.002).  
 

Whiting et al., 
2015 

To evaluate the clinical 
and cost effectiveness of 
viscoelastic assays 
(TEG/ROTEM) for the 
diagnosis and management 
of hemostasis in cardiac 
surgery and TIC  
 

Systematic 
review 

N=33 
 
Cardiac surgery: 14 total, 
11 RCTs 
 
Trauma: 17 total, 1 
ongoing RCT 
 
(Additional 2 studies 
evaluating post-partum 
hemorrhage) 

RCT studies 
included use of 
viscoelastic assays 
compared to no 
use of viscoelastic 
assays.  Prediction 
studies looked at 
the clinical 
application of TEG 
or ROTEM in 
cardiac surgery, or 
trauma 
resuscitation, with 
special 
concentration on 
diagnostic 
capabilities and 
transfusion 
indications of 
TEG/ROTEM 

Significant reduction in 
blood product usage 
among viscoelastic 
groups, compared to 
control groups, was 
noted among the RCTs 
for cardiac surgery 
(PRBC: RR=0.88, CI 
0.8-0.96; FFP: RR=0.47, 
CI 0.35-0.65; 
PLT: RR=0.72; CI 0.58-
0.89) 
 
Viscoelastic groups are 
better predictors of 
coagulopathies and 
transfusion requirements 
than standard laboratory 
tests.    
 
Significant cost savings 
were associated with the 
use of TEG/ROTEM 
when compared to 

1A 



ALGORITHM FOR HEMOSTATIC RESUSCITATION IN TRAUMA 20 

Author, year Study 
objective/intervention 
or exposures compared 

Design Sample (N) Outcomes 
studied (how 
measured) 

Results *Level 
and 
Quality 
Rating 

standard lab tests in the 
trauma population. 
 

Da Luz et al., 
2014 

To evaluate the evidence 
for the use of TEG or 
ROTEM in adult trauma 
patients to:  
1. Diagnose 
coagulopathies 
2. Guide transfusions 
3. Reduce mortality 
 

Systematic 
review 

N = 55 studies  
 
Prospective cohort (38 
studies) 
 
Retrospective cohort (15 
studies) 
 
Before-after (2 studies) 

Included studies 
evaluated the use 
of either TEG, r-
TEG, or ROTEM, 
in a variety of 
applications 
among adult 
trauma patients 
requiring 
resuscitation.  
25 studies 
addressed 
TEG/ROTEM’s 
associations with 
transfusions.  
 

Viscoelastic-guided 
transfusions 
demonstrated decreased 
transfusion of FFP or 
PRBC when compared 
to CCA-guided 
treatments (2 studies) 
 
TEG has moderate 
ability to predict the 
need for massive 
transfusion, and  
individual values of 
TEG/ROTEM are 
predictive of specific 
types of blood product 
transfusions 
 

5B 

Mohamed et al., 
2017 

Retrospective data 
collection on blood product 
utilization (among other 
outcomes) for all ‘Class I’ 
adult trauma patients 16 
months prior to (preTEG), 
and 16 months after 
(postTEG), implementation 
of TEG for use during 
active trauma resuscitation. 

Evidence-
Based Quality 
Improvement 

N=134 
 
PreTEG = 87 
PostTEG = 47 

IV: TEG-guided 
trauma 
resuscitation 
 
Comparison: 
CCA-guided 
resuscitation 
 
DV: 
Volume of blood 
products 
transfused (PRBC, 
FFP, PLT, CRYO) 
 

Post-TEG group had 
higher volume of FFP 
and PLT within first 
four hours (FFP: 
P=0.01; PLT: P=0.02) 
 
PostTEG had lower 
volume of PRBC/FFP at 
24 hours compared to 
PreTEG group 
(P=0.002/P=0.04, 
respectively), especially 
in penetrating injuries 
(P=0.0004/P=0.01, 

6C 
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Author, year Study 
objective/intervention 
or exposures compared 

Design Sample (N) Outcomes 
studied (how 
measured) 

Results *Level 
and 
Quality 
Rating 

Secondary: 
Crystalloid 
volume, associated 
costs 
 

respectively).  Of note, 
penetrating injuries did 
have higher crystalloid 
volumes at 4 and 24hrs 
(P=0.003)  
 
Cost savings of $1632 
for penetrating injury 
patients related to 
decreased blood 
products used.   
 
 

Prat et al., 2017 Volumes and ratios of 
blood products used for all 
military casualties requiring 
at least one blood product 
within the first 24 hours at a 
combat hospital were 
evaluated retrospectively. 
Data for three months 
before (PreROTEM) and 
three months after 
(PostROTEM) education 
and implementation of a 
bedside viscoelastic assay 
for evaluation and guidance 
of hemostatic resuscitation. 

Retrospective 
cohort design 

N=219 
 
PreROTEM=134, 
PostROTEM=85 
94% male 

IV: ROTEM-
guided 
resuscitation of 
combat casualties 
 
Comparison: 
standard damage 
control 
resuscitation 
 
DV: Blood product 
ratios; volume of 
blood products 

Post ROTEM group had 
a significantly higher 
number of PLT 
(p=0.003) and CRYO 
(p=0.0001) transfused 
than PreROTEM group 
 
Notably though, 
PostROTEM group was 
much closer to achieving 
prescribed damage 
control resuscitation 
ratios of 1unit PRBC to 1 
unit FFP to 1 6-pack PLT 
to 1 unit CRYO than 
PreROTEM group, given 
increase in PLT and 
CRYO (FFP:PRBC ratio 
did not change between 
groups, p=0.20). 

4B 

Nardi et al., 2015 Early Coagulation Support 
(ECS) algorithm 

Prospective 
cohort design 

N=226 
 

IV: ECS algorithm 
(defined protocol 

2013 group had 
significantly less PLT 

4B 
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Author, year Study 
objective/intervention 
or exposures compared 

Design Sample (N) Outcomes 
studied (how 
measured) 

Results *Level 
and 
Quality 
Rating 

employing initial 
fibrinogen administration 
and ROTEM-guided 
hemostatic management of 
trauma patients with 
ISS>15 was implemented 
at two Italian trauma 
centers.  Retrospective 
data of blood product 
usage was collected for 12 
months prior to (2011), 
and 12 months during use 
of the algorithm (2013).   
 

with 
retrospective 
control 

2011 (pre-ECS) =130 
2013 (ECS)=96 
 

for the 
management of 
select trauma 
patients) 
 
Comparison: 
Standard 
resuscitation 
practices using 1:2 
ratio, FFP:PRBC 
 
DV: Number of 
blood products, 
costs associated 

(P=0.046) and less FFP 
(P=0.001) transfused 
than 2011 group. Less 
PRBC were also 
transfused (2011, 8.09; 
2013, 6.5), but not 
significant (P=0.14) 
 
Costs of blood product 
usage reduced by 48% in 
2013, compared with 
2011 

Schochl et al., 
2011 

Retrospective data from 
2006-2009 compared blood 
product usage among 
trauma patients resuscitated 
with ROTEM-guided 
coagulation factor 
concentrate (Fibrinogen-
Prothrombin Complex 
Concentrate [PCC] group) 
from one facility, to trauma 
patients resuscitated with 
standard coagulation 
therapy (FFP group) from 
the national German trauma 
registry. 

Retrospective 
cohort design 

N=681 
 
Fibrinogen-PCC group=80 
FFP group=601 
 

IV: ROTEM-
guided hemostatic 
resuscitation of 
trauma patients 
with 
fibrinogen/PCC 
 
Comparison: 
Presumed standard 
damage control 
resuscitation using 
FFP for hemostatic 
control 
 
DV: Volume of 
blood products used 

During initial treatment 
and any subsequent 
surgery, PRBC 
transfusion was avoided 
in 29% of the 
Fibrinogen-PCC group, 
and just 3% of the FFP 
group (P<0.0001) 
 
During initial treatment 
and any subsequent 
surgery, 44% of FFP 
group received PLT, 
compared to 9% of the 
Fibrinogen-PCC group 
(P<0.0001) 
 
 

4B 

Stein et al., 2017 To evaluate the effect of 
changes to the trauma 
management protocols, 

Retrospective 
cohort design  
 

N=731 
 

IV: Changes to 
trauma 
management 

“Post” group 
demonstrated less PRBC 
and less FFP 

4C 
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Author, year Study 
objective/intervention 
or exposures compared 

Design Sample (N) Outcomes 
studied (how 
measured) 

Results *Level 
and 
Quality 
Rating 

including goal-directed 
coagulation management, 
on the incidence of massive 
transfusions and volume of 
blood products transfused.   

  “Pre” changes (2005-
2007) = 323 
  “Post” changes (2012-
2014) = 408 
 
 

patient protocols, 
including use of 
goal-directed 
coagulation 
management, 
admission to 
designated trauma 
centers, whole-
body CT scans on 
admission, damage 
control surgery, 
permissive 
hypotension, 
restrictive fluid 
resuscitation, and 
administration of 
TXA 
 
Comparison: 
Trauma 
management 
without the above 
protocols 
 
DV: incidence of 
massive 
transfusions, 
volume of 
allogenic blood 
products used, 
survival rates 

administration in the ED 
(“Pre” PRBC=138 units, 
“Post” PRBC=70; P 
<0.001; “Pre” FFP=99 
units, “Post” FFP=24 
units; P<0.001) and in 
the first 24 hours of 
admission (“Pre” 
PRBC=170 units, “Post” 
PRBC=110; P <0.001; 
“Pre” FFP=119 units, 
“Post” FFP=67 units; 
P<0.001 
 
“Post” group had less 
ICU days (“Pre” =10.2; 
“Post” =7.1, p <0.001) 
 
“Post” group had lower 
overall mortality 
(“Pre”=33%; 
“Post”=22%, p <0.001) 
 

Note. CCA = conventional coagulation assays, CONSORT = Consolidated Standards of Reporting Trials, CRYO = cryoprecipitate, 
CT = computed tomography, DV = dependent variable, ED = emergency department, FFP = fresh frozen plasma, ICU = intensive care 
unit, ISS = Injury Severity Score, IV = independent variable, MTP = massive transfusion protocol, PLT = platelets, PRBC = packed 
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red blood cells, ROTEM = rotational thromboelastometry, rTEG = rapid thromboelastography, TASH = trauma associated severe 
hemorrhage, TEG = thromboelastography, TIC = trauma-induced coagulopathy 
 
 
*Rating System for Hierarchy of Evidence 
Level of the Evidence Type of the Evidence   
 I (1) Evidence from systematic review, meta-analysis of randomized controlled trails (RCTs), or practice-guidelines 

based on systematic review of RCTs.  
II (2)   Evidence obtained from well-designed RCT  
III (3)   Evidence obtained from well-designed controlled trials without randomization 
IV (4)   Evidence from well-designed case-control and cohort studies  
V (5)   Evidence from systematic reviews of descriptive and qualitative studies  
VI (6)   Evidence from a single descriptive or qualitative study  
VII (7)   Evidence from the opinion of authorities and/or reports of expert committees 
 
Melnyk, B. & Fineout-Overholt, E. (2014). Evidence-based practice in nursing & healthcare: A guide to best practice (3rd ed.). New 
York: Lippincott, Williams & Wilkins.  
 
Rating Scale for Quality of Evidence  
A:  High – consistent results with sufficient sample, adequate control, and definitive conclusions; consistent recommendations based 
on extensive literature review that includes thoughtful reference to scientific literature 
B:  Good – reasonably consistent results; sufficient sample, some control, with fairly definitive conclusions; reasonably consistent 
recommendations based on fairly comprehensive literature review that includes some reference to scientific evidence 
C:  Low/major flaw – Little evidence with inconsistent results; insufficient sample size; conclusions cannot be drawn 
 
Newhouse, R. (2006). Examining the support for evidence-based nursing practice. Journal of Nursing Administration, 36(7-8), 337-
40. 
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Table 2. 
 
Mean Scores for Staff Surveys Pre- and Post-Project Implementation  

Survey Question  

Mean Pre-
Implementation 

Score 
(n=34) 

Mean Post-
Implementation 

Score 
(n=22) 

p-
value 

 
(0.005) 

How useful are TEGs in MTEs? 2.53 2.9 (0.33) 
How comfortable are you with interpreting  
a TEG? 1.76 2.63 

 
(0.002) 

How confident do you feel teaching TEG 
interpretation? 1.52 2.27 

 
(0.04) 

How valuable are TEGs for guiding blood 
product selection?  2.85 3.41 

 
(0.16) 

How easy is it to obtain/perform an rTEG? 2.32 2.59 (0.69) 
Note. MTE: massive transfusion event; rTEG: rapid thromboelastography; TEG: 
thromboelastography 
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Table 3. 
 
Blood Product Administration for Unit-based Massive Transfusion Events 
 September – 

October 2018 
September – 
October 2019 

 
(p-value) 

Total MTEs 27 23  
Total POC rTEGs  
 

8 5  

Total Units of Product (median number of units per MTE) 
 

 

RBC 380 (10) 275 (11) (0.50) 
FFP 300 (6) 229 (10) (0.72) 
PLT 48 (1) 40 (1) (0.95) 
CRYO 13 (0) 17 (0) (0.46) 

Note. CRYO: cryoprecipitate; FFP: fresh frozen plasma; MTE: massive transfusion event; PLT: 
platelets; POC rTEG: point-of-care rapid thromboelastography; RBC: red blood cells 
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Appendix A 
Original Algorithm from Gonzalez, Moore, & Moore (2017) 
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Appendix B 
Algorithm for TEG-Guided Hemostatic Resuscitation in MTEs  

Adapted from Gonzalez, Moore, & Moore, 2017 
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Appendix C 
Side B (back of page) of Algorithm Provided to Unit Staff 

 
The purpose of this evidence-based quality improvement project is to facilitate goal-directed 

resuscitation in trauma patients requiring massive transfusions by protocoling the use of a TEG-
guided hemostatic resuscitation algorithm during massive transfusion events (MTE).  Evaluation 
of this project will be through assessing the volume and type of blood products transfused during 
MTEs in the time frames before and during the algorithm implementation.   

 
Key Concepts: 

• Hemorrhage remains the number one cause of potentially reversible death in trauma 
patients.   

• Trauma-induced coagulopathy is present in 25-35% of trauma patients, is associated with 
significant increases in mortality, and presents complex management challenges.   

• Standard methods of coagulation evaluation (PT/INR, PTT) are lengthy tests that have 
limited application in acute trauma settings, as well as offer little information regarding a 
patient’s dynamic hemostatic status.   

• Current damage control resuscitation ratios may result in over-transfusion of blood 
products, contributing to increased costs, complications, and length of stays.  

• TEG offers diagnostic information and therapeutic guidance in the setting of 
coagulopathy, and is the only clinical test available to reflect real-time fibrinolysis 

• Multiple benefits have been demonstrated in severely injured trauma populations that use 
TEG to guide the transfusion of hemostatic blood products 
 

RapidTEG 
Value 

Measured 
In 

Defined as Interpretation for algorithm 
treatment 

ACT 
(Activated 
Clotting 
Time) 

Seconds Time from start of assay to beginning 
of clot formation (2mm amplitude) 
 
Reflects the activity of all coagulation 
factors 

Prolongation (>128 seconds), 
demonstrates 
anticoagulation/factor 
deficiency 
Treatment: Plasma 

Angle Degrees The angle between the start of clot 
formation and the growing curve 
 
Reflects fibrinogen function and 
concentration 

Shallow angle (<65o) 
represents decreased rate of 
clot strength growth 
Treatment: Fibrinogen via 
cryoprecipitate 

MA 
(Maximum 
Amplitude) 

Millimeters The widest point of the TEG tracing 
 
Reflects the strength of clot through 
platelet count/function and fibrinogen 
activity 
 

Narrower MA demonstrates 
weaker interaction between 
fibrin and platelets 
 
Treatment: Platelets 

LY30 (Lysis 
within 30 
minutes) 

Percentage The percent decrease in tracing 
amplitude 30 minutes after the MA 
 
Reflects the degree of fibrinolysis 

Higher LY30 (>5%) indicates 
faster destruction of fibrin 
clot 
Treatment: antifibrinolytics 
(Tranexamic Acid) 
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Appendix D 
Materials for Project Education on Unit Bulletin Board in Staff Breakroom 
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Figure 1. Unit breakroom bulletin board. This figure shows the final bulletin board in unit 
breakroom that remained present throughout duration of the project.  
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Appendix E 
Template for Two-sided Quick Reference Badge Tags 
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Appendix F 
Lesson Plan for Nursing Staff Education Class 

 
Learning 
Objectives 

Content Outline Method of 
Instruction 

Time Spent Method of 
Evaluation  

Identify scope 
of DNP Project  

-Differentiation of QI 
and research 
-Timeframe of 
implementation  
-Practice change is in 
addition to current 
practice in order to 
encourage use of rTEG 
in applicable settings  
 

PowerPoint 5 min Teach back  

Correctly 
identify four 
primary rTEG 
values, normal 
limits 

-Describe TEG 
technology/mechanisms 
-Review basic clot 
formation 
-Review derivation of 
four primary values of 
rTEG (ACT, angle, 
MA, LY30), based on 
clotting process 

PowerPoint 10min Teach back 

Correctly 
identify what 
abnormal 
values in the 
four primary 
rTEG values 
may indicate 

-Review connection of 
clotting steps and rTEG 
values 
-Identify what 
abnormal values may 
indicate, including the 
presence or absence of 
certain clotting factors 

PowerPoint, 
interactive 
exercises 

10min Teach back, 
exercise 
completion 

Correctly 
identify most 
appropriate 
treatment for 
abnormal 
values of the 
four primary 
rTEG values 

-Review clotting factors 
present in FFP, 
fibrinogen, platelets 
and (antifibrinolytics) 
-Connect abnormal 
values in four primaries 
to most appropriate 
treatment.  

PowerPoint, 
interactive 
exercises 

10min Teach back, 
exercise 
completion 
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Appendix G 
PowerPoint for Planned Staff Education 
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Appendix H 
Meeting Minutes for Multi-Disciplinary Meeting for POC rTEG Order 

 
June 17, 2019  2:30-3:30p 
TEG in the TRU: Meeting Minutes 
In attendance: Eric Talley, Tiffany Kuebler, Derek Edwards, Robert Christenson, Jennifer  
  Christophi, Christa Williams, Sharon Jockle, Erika Rychwalski, Andrew   
  McKernan, Lauren Westbrook  
 
1. POC TEG Order in EPIC 

• No order currently exists in EPIC to cover, track, or bill for the POC TEG in the unit 
• Creation of this order will require collaboration between IT, finance/CDM, POC, lab 
• Interface with Cerner will be required for billing purposes  
• Would RVUs go to unit budget?  
• Approximately 3-4 week turnaround per Eric Talley 

Follow Up: Eric Talley to coordinate appropriate parties to further discuss logistics related to creating 
this order in EPIC, with follow up meeting within 2 weeks.  
 
2. Access to ‘TEG Viewer’ application  

• TEG Viewer allows providers to visualize TEGs run in the lab in real time, on remote 
computers using a personalized log-in.   

• Access can be obtained by placing a request through the Help Desk to be added to the 
active directory for TEG Viewer 

• Would access to TEG Viewer eliminate need for TEGs to be run in the unit? Concern for 
turn-around time between TEG run in unit versus in the lab.  Consider Trauma OR as 
benchmark for time delays between draw/run of sample.   

• Additional training for navigation of the TEG Viewer application is available through the  
lab or Haemonetics 

• Unclear if nurses or technicians currently have access to this application 
Follow Up: TRU staff (Lauren, Erika, Andrew) to discuss obtaining data from Trauma OR for TEG 
turn-around.  Unit staff to request access to TEG Viewer to see if non-providers can access 
 
3. Interfacing TRU TEG data/results with Cerner/Epic 

• Currently, unit TEG results are resulted on paper, uploaded in to medical records 
48+hours after test performed 

• Interface is extensive process requiring vendor selection, multiple teams and approvals 
(6+ months) 

• Options to be considered; aware of potential for equipment to change at some point 
• Seen as “step 2” after order for POC TEG is implemented in EPIC effectively 
• Current plan is to connect HIM scanner to allow for faster uploads of TRU TEG results in 

to patient’s charts 
 
4. TEG 6s machine 

• New equipment model for POC TEGs; FDA approved for trauma in 5/2019 
• None currently in use in UMMC 
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• Cartridge-based system, would lessen required manpower; values are reported differently 
than TEG5000 

• Will require physician/provider champion to follow through 
 

5. ROTEM use in cardiac surgery 
• Currently used by Dr. Tanaka in cardiac surgery 
• Consider discussions regarding advantages/disadvantages compared to TEG?  
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Appendix I 
Planned Agenda for Follow Up POC rTEG Order Meeting 

 
Agenda for TEG in TRU Meeting (Follow Up) 
June 24, 2019 2:30 – 3:30 
 
1. Update on progress for “POC TEG” EPIC order development?  

a. Billing?  
b. CDM? 
c. RVUs? 

 

15 min 

2. Update on staff (nurse/tech) ability to access to TEG viewer?? 
 

10 min 

3. Consideration of interface between TRU TEG and Epic 
process- next steps?  

 

10min 

4. Update on TEG turnaround time for OR? 10min 
5. Update on HIM scanner process for TRU TEG? 10 min 

 
Note. Meeting was rescheduled and this author was unable to attend.  Minutes from meeting not 
available.  
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Appendix J 
Instructions for Accessing Lab-run TEGs 

 

 
 



ALGORITHM FOR HEMOSTATIC RESUSCITATION IN TRAUMA 43 
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Appendix K 
Survey for Staff Impressions Pre/Post Project Implementation 

 
1. How useful do you find TEG values during a MTE? 

 
Very useful / Somewhat useful / Neutral / Somewhat not useful / Not at all useful 
 

2. How comfortable are you with interpreting a TEG? 
 
Very comfortable / Somewhat comfortable / Neutral / Somewhat uncomfortable / Very 
uncomfortable 
 

3. How confident would you feel teaching another nurse to interpret a TEG? 
 
Very confident / Somewhat confident / Neutral / Somewhat not confident / Not at all confident 
 

4. How valuable do you think TEGs are for guiding MTEs in the TRU? 
 
Very valuable / Somewhat valuable / Neutral / Somewhat not valuable / Not at all valuable 
 

5. How easy is it to perform/obtain a bedside TEG? 
 
Very easy / Somewhat easy / Neutral / Somewhat difficult / Very difficult 
 

6. What is the most challenging part about understanding TEGs? (free text) 
 

7. What would you like to learn about TEGs? (free text) 
 
 
 
 


