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Background and Significance 

Blood transfusions are valuable and limited in supply, and treating medical and surgical 
patients in hemorrhagic shock with large volumes of blood products over short periods of time 
requires the mobilization of extensive resources and personnel. Massive transfusion protocols 
(MTP) have been developed to better serve these patients, and their use has been associated 
with improved survival (1-4).  There is vast variability in the amount of blood products used in 
the setting of massive transfusion, although on average medical and surgical patients who 
received MTP are transfused a median of 12 units of packed red blood cells (pRBCs) over 24 
hours (5). However, up to 20% of patients requiring activation of these protocols receive ‘ultra-
massive transfusion’ (UMT), defined in the literature as greater than 20-30 units of pRBCs over 
24 to 48 hours (5-9). These patients present both clinical and ethical dilemmas given the 
challenging nature of their underlying disease processes, their high mortality rates (ranging 
from 29-70%) (6-9), and their profound use of limited resources.   

Changes in resuscitation protocols for hemorrhagic shock to limit crystalloid and 
transfuse in balanced ratios of pRBCs: plasma: platelets have led to significant improvements in 
outcomes for massive hemorrhage in injured patients (10-13). These strategies have been 
adopted across specialties, particularly following the publication of the Pragmatic, Randomized 
Optimal Platelet and Plasma Ratios (PROPPR) randomized controlled trial in 2015, 
demonstrating a reduction in death due to exsanguination in injured patients transfused with a 
1:1:1 ratio of pRBC: plasma: platelets (12, 14-16). However, the impact of these practice 
changes in the setting of UMT has not been examined.  Given this, and that UMT continues to 
pose significant clinical, ethical, and resource-specific challenges, it is critical that the drivers of 
outcomes after surgical and medical UMT in a modern era of balanced and goal-directed 
resuscitation be evaluated. 

Prior research studying UMT has sought to develop criteria predictive of outcomes and 
attempted to establish thresholds for futility (6-9). In a single center study of injured patients 
undergoing an emergency operation who required UMT, the only factors associated with futility 
were the combination of >90minutes of hypotension, use of inotropes, and aortic cross 
clamping, though the study was limited by a modest sample size and missing data (6). Notably, 
although increasing transfusion requirements are associated with increased mortality (7, 8), no 
clear cutoff for futility has yet been defined.  In the only study specifically evaluating UMT in 
medical and surgical patients, survival was associated with underlying diagnosis rather than the 
total number of pRBCs transfused (7). However, none of these studies have been performed in 
the modern era of balanced and goal-directed resuscitation.  

In this study, we aim to determine what clinical, physiologic, and transfusion parameters 
are predictive of outcomes in surgical and medical patients receiving UMT in a modern time 
period, and compared to historic time periods. Given UMT is a relatively rare occurrence, we 



propose a multi-center, retrospective cohort design in order to recruit a sufficiently large 
sample size. We hypothesize that balanced transfusion ratios in UMT will be associated with 
improved mortality and secondary outcomes. Additionally, we hypothesize that we will identify 
differences in mortality and secondary outcomes following UMT between our proposed historic 
and modern study periods (2005-2009, 2010-2014, & 2015-2019).  
 
Specific Aims 
Primary 
In this study we aim to determine what clinical, physiologic, and transfusion parameters are 
predictive of outcomes in surgical and medical patients receiving UMT (defined as ≥20 units of 
pRBCs transfused in any 24 hours period) in a modern time-period (2015-2019). 
 
Secondary 
We additionally aim to compare what clinical, physiologic, and transfusion parameters are 
predictive of outcomes in surgical and medical patients receiving UMT between our proposed 
historic and modern study periods (2005-2009, 2010-2014, & 2015-2019). 
 
Experimental Design/Methods 
Multicenter, retrospective, cohort study 
 
Inclusion 

1) Adult trauma patients aged 18 years and older 
2) Massive transfusion protocol activations with ≥20 units pRBCs in any 24hour period 
3) 2005-2019 (15 year period) 

 
Exclusion 

1) Pediatric patients (<18 years of age) 

Therapeutic interventions: none as this is a retrospective cohort study 
 
Outcome measures 
Primary: 
-Mortality (6 hours, 24 hours, 30 days, in-hospital) 
 
Secondary: 
-Venous thromboembolism (VTE) 
-Acute respiratory distress syndrome (ARDS) 
-Multiple organ failure (MOF) 
 
Variables to be collected and analyzed: 
 
Demographic: Age, sex, race, Body mass index (BMI) 
 



Comorbidities:  Diabetes, cirrhosis, liver failure, chronic kidney disease (CKD), dialysis, cancer, 
immunocompromised, Acquired Immunodeficiency Syndrome (AIDS), stroke, myocardial 
infarction (MI), congestive heart failure (CHF), substance use, smoking 
 
Anticoagulant Medications: Aspirin, Plavix, coumadin, rivaroxaban, apixaban, other 
anticoagulant 
 
Physiologic/clinical:  
All patients:  
-Denver multiple organ failure score (17) 
-Apache III score (18) 
 
Trauma Patients:  
-Injury Severity Score (ISS) and abbreviated injury scale (AIS) 
-Mechanism of injury 
-Glasgow Coma Scale (GCS) 
-ED vitals 
 
Obstetrics and gynecology patients:  
-Placental abnormalities 
-Gravida/Para status 
-Pre-eclampsia 
-HELLP syndrome 
 
Surgical subspecialty and medical patients:  
-Admission diagnosis 
-Bleeding diagnosis  
 
Transfusion and Resuscitation related  
-Total number transfused of pRBCs, platelets, plasma, and cryoprecipitate (at 6h, 12h, 18h, and 
24h after MTP activation).  
-Volume of crystalloid administered, volume of colloid administered (at 6h, 12h, 18h, and 24h 
after MTP activation).  
-Prehospital blood product administration 
-Prehospital crystalloid administration 
 
Use of hemostatic adjuncts/reversal agents: Tranexamic acid (TXA), prothrombin complex 
concentrate (PCC), fibrinogen concentrate, Factor VII, other reversal agents 
 
Clinical and Physiologic Variables During Massive Transfusion Protocol Activation  
To be measured at time of activation and at 6h, 12h, 18h and 24h: 
-Vital signs 
-pH, base excess, bicarbonate, lactate, calcium 
-Hemoglobin, platelet count 



-International normalized ratio (INR), partial thromboplastin time (PTT) 
-Creatinine, sodium, potassium 
-Intubated 
-Use of vasopressors 
-ROTEM/TEG values (if test performed)  
 
Diagnoses and Procedures: ICD 9 or 10 codes, procedure cpt codes, use of resuscitative 
endovascular balloon occlusion of the aorta (REBOA), resuscitative thoracotomy, and aortic 
cross clamping 
 
Outcomes and complications: Mortality at 6 hours, 24 hours, 30 days and in hospital mortality, 
VTE, ARDS, MOF, stroke, sepsis, acute renal failure (ARF), MI, length of stay (LOS), ICU LOS, 
ventilator days, discharge location 
 
Site information: Level of Trauma Center (if applicable) 
 
Data Collections and Statistics 
Data collection:  
Standardized data will be collected on patients retrospectively at all participating institutions. 
Each center will review their respective blood bank’s records to identify MTP activations 
between 2005-2019 and identify all adult patients who received 20 or more pRBCs in any 24 
hour period. These patients will be included in the study and their data will be securely entered 
into RedCap using the attached data collection tool. Data analysis will be performed using Stata. 
Descriptive statistics will be calculated for all categorical and continuous variables. Student’s t-
test will be used to compare characteristics for continuous variables (or ANOVA for 
comparisons of 3 or more groups) and chi square tests for categorical variables. Multivariable 
logistic regression will be performed to analyze the association between transfusion predictors 
with the primary and secondary outcomes. Data will be reported as adjusted odds ratios with 
95% confidence intervals. Statistical significance will be set at p<0.05. 
 
Consent 
This is a minimal risk study since it is retrospective cohort study, and all information will be de-
identified prior to upload into the database. No intervention or treatment will be administered 
and the variables collected are those generated during treatment. We therefore will be seeking 
a waiver of consent. 
  
Risk/Benefit 
This is a retrospective study that will analyze data obtained from medical records, and 
therefore presents minimal risk to participants. The small risk of violating confidentiality during 
will be minimized by limiting access to medical records to study personnel and by deidentifying 
data as soon as possible during the data collection process.  There will be no direct benefits to 
the participants, however, the results of this study may benefit future patients by providing 
physicians with tools and knowledge to guide clinical management during UMT. 
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