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Abstract 

Title of thesis:  Optimal plasma transfusion in cardiac surgery patients with massive 

intraoperative transfusion (OPTICS)  

 

Michael Mazzeffi MD MPH, Masters of Science 2016 

Thesis Directed by Kenichi Tanaka MD MSc 

 

Background: Massively transfused patients have a high mortality rate.  Some studies have 

suggested that transfusion of high ratios of fresh frozen plasma (FFP) to red blood cells 

(RBCs) may improve resuscitation and mortality.  To date there are no studies examining 

the impact of the FFP to RBC transfusion ratio on mortality in massively transfused 

cardiac surgery patients. 

 

Methods:  A single center retrospective cohort study was performed using data from an 

eight and a half year period (2006 to 2014).  Massive transfusion was defined as 

receiving at least 8 RBC units during surgery.  Patients were classified as having received 

a high FFP to RBC ratio (greater than 1 to 1), a moderate ratio (between 1 to 1 and 1 to 

2), or low ratio (less than 1 to 2).  30-day survival was compared between transfusion 

groups using Kaplan-Meier analysis and Cox-Proportional Hazards modeling was used to 

identify variables associated with 30-day mortality.  The odds of in-hospital mortality and 

postoperative morbidities were also compared between transfusion groups using 

unadjusted and adjusted regression analyses. 

 



 

Results:  Of 7,492 cardiac surgery patients, 452 (6%) were massively transfused.  30-day 

mortality was 25.4% and in-hospital mortality was 30.6%.  Patients who received a high 

FFP to RBC transfusion ratio had improved unadjusted 30-day survival (p=0.05).  

Patients who received either a high or moderate transfusion ratio had improved adjusted 

30-day survival when compared to those who received a low ratio (HR for death=0.339, 

p=0.002 and 0.511, p=0.007).    Patients who received a high transfusion ratio were also 

more likely to survive to discharge, had fewer reoperations for bleeding, and less renal 

failure compared to those who received a low ratio.  High transfusion ratios were also 

associated with prolonged ventilation and atrial fibrillation compared to low ratios. 

 

Conclusions:  A high FFP to RBC transfusion ratio may improve survival in cardiac 

surgery patients with massive intraoperative transfusion, but may increase the risk for 

prolonged ventilation and atrial fibrillation.  Future studies are needed to determine 

optimal transfusion practices. 
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Background 

Massive transfusion in cardiac surgery 

Up to 8% of cardiac surgery patients require massive transfusion and severe hemorrhage 

increases the odds of death 8 fold.1-2  Variables that are associated with massive transfusion in 

cardiac surgery patients include: duration of cardiopulmonary bypass, preoperative hemoglobin 

level, body surface area, nadir hematocrit during surgery, previous sternotomy, preoperative 

shock, preoperative platelet count, urgency of surgery, age, surgeon, use of deep hypothermia, 

and type of surgery.1   

 

Cardiac surgery patients are at risk for hemorrhage because surgical procedures typically require 

manipulation of the heart and or lungs as well as major blood vessels including the aorta, vena 

cava, internal thoracic artery, pulmonary veins, and coronary arteries.  Most cardiac surgery also 

requires the use of cardiopulmonary bypass, which necessitates anticoagulation and leads to 

hemodilution with subsequent reductions in clotting factors and platelets.  Recently a universal 

definition of perioperative bleeding was derived from a large Italian cohort of cardiac surgery 

patients.  In this cohort, patients with severe or massive bleeding had an intraoperative mortality 

rate of 22.3%.3  This is well above the contemporary expected mortality for all-comers in cardiac 

surgery, which is around 2-5%.  Because severe hemorrhage causes early death in cardiac 

surgery patients and adds significant excess mortality, evidence based strategies are needed for 

best transfusion practices in these patients. 
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Clinical challenges with cardiac surgery patients requiring massive transfusion 

Cardiac surgery patients requiring massive transfusion present a difficult problem for 

anesthesiologists who are forced to transfuse blood products rapidly, often with little or no time 

to evaluate standard coagulation tests such as the platelet count, fibrinogen level, international 

normalized ratio (INR), or activated partial thromboplastin time (aPTT) which often require 45 

minutes to an hour to complete in a central hospital lab.   

 

Point of care testing is one potential solution to improve turnaround time for coagulation testing, 

but standards for performing point of care tests are rigorous and must comply with Clinical 

Laboratory Improvement Amendments (CLIA) regulations making this strategy impractical for 

some physicians.  One well-described transfusion protocol for cardiac surgery patients is from 

the Mayo Clinic.  This protocol is based upon standard laboratory coagulation tests as well as 

point of care coagulation testing parameters.  Adherence to the protocol has been shown to 

reduce both postoperative bleeding and total blood product transfusion. 4  However, it has not 

been validated in patients requiring massive transfusion and it may not be practical in the setting 

of rapid hemorrhage.   
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When transfusion algorithms are not practical because of slow turn-around time on standard 

coagulation tests or lack of point-of-care testing, other clinical data or preoperative laboratory 

results can be used to help guide empiric transfusion practices.  For example, in a patient with a 

low platelet count before surgery, an anesthesiologist may decide to transfuse platelets early in 

the course of rapid bleeding.  Alternatively, in a patient who took warfarin preoperatively, an 

anesthesiologist may decide to transfuse fresh frozen plasma (FFP) early in the course of rapid 

bleeding.  However, when rapid bleeding persists most anesthesiologists ultimately resort to 

empiric transfusion and preoperative data become somewhat irrelevant due to rapidly changing 

conditions such as declining coagulation factor levels and platelet counts. 

 

Impact of the transfusion ratio on mortality 

It seems logical that amount and type of blood products transfused in a patient with rapid 

hemorrhage will have an impact on how quickly normal coagulation is restored and hemostasis is 

achieved.  The rationale for high ratio transfusion, high ratios of FFP and platelets to red blood 

cells (RBCs), is that early replacement of procoagulant factors with FFP and platelets leads to 

earlier termination of hemorrhage and cessation of shock.  If procoagulant therapies are withheld 

until later in the bleeding course, severe coagulopathy may ensue causing more bleeding and 

potentiating existing coagulopathy.   
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Because massive transfusion occurs relatively frequently in multi-trauma patients, the question 

of optimal empiric transfusion ratios was first explored in trauma patients.  The clinical question 

of how to best transfuse patients with rapid hemorrhage was of particular interest to the United 

States Military as multi-trauma is one of the leading causes of death in combat soldiers.  Several 

large well designed observational studies that included trauma patients were performed and 

suggested that transfusion of equal ratios of FFP, platelets, and RBCs improved survival.5-6 

 

These observations led to a large multi-center randomized clinical trial in trauma patients who 

were at risk for massive transfusion.  The recently published PROPPR trial, which compared 1 to 

1 and 1 to 2 ratios of platelets and FFP to RBCs showed no difference in either 24-hour or 30-

day mortality between transfusion ratio groups, although their appeared to be trends towards 

earlier termination of bleeding in the high transfusion ratio group.7   One common criticism of 

the trial is that the rate of massive transfusion was lower than expected in both groups, which 

may have reduced the benefit of high ratio transfusion.  Table 1 summarizes the results of the 

previously mentioned studies, which examined the impact of empiric transfusion ratios on 

mortality. 
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Table 1. Trials examining the impact of the FFP to RBC transfusion ratio on mortality 

______________________________________________________________________________ 

First Author  Year Study type   Patients Results 

______________________________________________________________________________ 

Holcolmb  2013 Observational  Trauma High transfusion ratio 

       N=1245 associated with improved 

         survival. 

         HR=0.31; 95% CI, 0.16-0.58 

 

Borgman   2007 Observational  Trauma High transfusion ratio   

       N=246  associated with improved 

         survival. 

OR=8.6; 95% CI, 2.1-35.2 

 

Holcolmb  2015 Randomized  Trauma No difference in mortality  

    controlled trial  N=680  with high transfusion ratio. 

         24-hour (12.7%H vs. 17%L) 

         30-day (22.4%H vs. 26.1%L) 

______________________________________________________________________________ 
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FFP transfusion and platelet transfusion also carry significant risk so transfusion of high ratios of 

these blood products may be harmful.  For example, FFP transfusion is associated with lung 

injury.8  The exact cause of lung injury is not fully understood, but appears to be related to both 

volume overload and also anti-neutrophil antibodies that present in some donor plasma causing 

transfusion associated acute lung injury (TRALI).   

 

In a cohort of 250 patients receiving FFP transfusion for warfarin reversal, 20% had pulmonary 

complications.  The adjusted odds ratio for lung injury was 2.5 in patients receiving greater than 

3 units.  FFP transfusion may also exacerbate heart failure in patients with decreased ventricular 

function after cardiopulmonary bypass (CPB).  Many cardiac surgery patients have ischemia-

reperfusion injury and ventricular performance is often compromised during the initial period 

after surgery.  Transfusion of large volumes of blood products can lead to right ventricular 

failure or increased left atrial pressure in patients with low ejection fractions causing pulmonary 

edema.   
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Transfusion ratios in cardiac surgery patients 

To date, there are no studies examining the impact of the FFP to RBC transfusion ratio on 

survival in cardiac surgery patients with massive intraoperative transfusion.  Cardiac surgery 

patients are different from trauma patients because they have different comorbidities, are 

typically older, and often have compromised cardiopulmonary function.  They also require 

heparinization for surgery and have higher rates of anti-platelet drug use and other anticoagulant 

drug use.  The purpose of our study was to compare survival and postoperative morbidity in 

patients who were transfused at different FFP to RBC ratios during surgery.  We hypothesized 

that transfusion of high ratios of FFP to RBCs might be associated with improved hemostasis 

and decreased mortality as has been observed in trauma patients. 
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Methods 

 

Subjects 

The University of Maryland, Baltimore institutional review board approved the study.  Patients 

having cardiac surgery requiring cardiopulmonary bypass (CPB) between January 1st 2006 and 

December 31st 2014 were screened for massive intraoperative transfusion using our institutional 

Society for Thoracic Surgeons (STS) database.  Pediatric patients were not included in the study.  

Massive intraoperative transfusion was defined as receiving at least 8 units of RBCs during 

surgery.  This definition was similar to an accepted definition of massive transfusion in trauma 

which is transfusion of at least 10 units of RBCs in 24 hours.9  A slightly modified definition was 

chosen for the study because most cardiac surgery occurs over 6 to 12 hours rather than over 24 

hours and cardiac surgery patients are most vulnerable for bleeding and transfusion during 

surgery and the first few hours after surgery.  Also we only looked at transfusion practices during 

surgery because this is the highest risk period for hemorrhage and likely the most critical period 

during which the transfusion ratio is likely to have an impact. 
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Definitions 

Definitions for variables were based upon STS database definitions (versions 2.61 and 

2.73)(www.sts.org).  The following variables were collected: age, sex, weight, height, diabetes 

mellitus, dyslipidemia, hypertension, history of end stage renal disease requiring dialysis, 

baseline creatinine, infectious endocarditis, chronic lung disease, peripheral vascular disease, 

cerebral vascular disease, previous cardiac intervention, congestive heart failure within 2 weeks 

of surgery, prior myocardial infarction, left ventricular ejection fraction, preoperative beta 

blocker use, preoperative statin use, preoperative warfarin use, preoperative heparin use, 

preoperative aspirin use, preoperative glycoprotein IIb/IIIa inhibitor use, preoperative 

thienopyridine use, type of surgery, urgency of procedure, cardiopulmonary bypass (CPB) time, 

preoperative INR, preoperative hemoglobin, preoperative platelet count, intraoperative anti-

fibrinolytic use, intra-operative transfusion, and postoperative transfusion. 
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Transfusion practices 

Transfusions were administered at the discretion of attending anesthesiologists, cardiac surgeons, 

and intensivists.  General lower limit transfusion thresholds for cardiac surgery patients with 

ongoing bleeding at our institution are: RBC transfusion for a hemoglobin level less than 7 

mg/dL, FFP transfusion for patients with an INR greater than 1.5, platelet transfusion for patients 

with a platelet count less than 100,000 platelets/uL, and cryoprecipitate transfusion for patients 

with a fibrinogen level less than 200 mg/dL.  Three different antifibrinolytics were used during 

the study period: Epsilon-aminocaproic acid, tranexamic acid, and aprotinin, but most patients 

received epsilon-aminocaproic acid.  Aprotinin tended to be used during the early portion of the 

study period, while epsilon-aminocarproic acid and tranexamic acid were used during the later 

portion of the study period. 

 

FFP to RBC transfusion ratio 

For each subject the intraoperative FFP to RBC transfusion ratio was calculated post-hoc by 

dividing the number of transfused FFP units by the number of transfused RBC units.  Subjects 

who had a FFP to RBC transfusion ratio higher than 1 to 1 were considered as having a high 

transfusion ratio, subjects who had a ratio between 1 to 1 and 1 to 2 were considered as having a 

moderate ratio, and subjects who had a ratio less than 1 to 2 were considered as having a low 

ratio.  Cut-off values for the transfusion ratio groups were based on the distribution of the data. 
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Outcome variables 

Outcome variables were defined according to STS data specifications.  The primary outcome 

variable was 30-day mortality.  The secondary outcome variables were in-hospital mortality, 

reoperation for bleeding, prolonged mechanical lung ventilation (defined as >24 hours), 

postoperative pneumonia, postoperative stroke, postoperative acute renal failure, postoperative 

hemodialysis, new postoperative atrial fibrillation, and postoperative multiple organ dysfunction 

syndrome (MODS).  We also collected data on length of ICU and hospital stay. 

 

Statistical analysis 

Statistical analyses were performed using SAS 9.3 (Cary, NC, USA).  Patient characteristics 

were examined after stratification by the transfusion ratio category.  Categorical variables were 

reported as the number and % of patients.  Continuous variables were examined for normality 

using histograms and the Shapiro-Wilk test.  Normally distributed continuous variables were 

reported as mean + standard deviation and non-normally distributed continuous variables were 

reported as median and interquartile range [Q1, Q3].  Comparisons of patient characteristics 

were made between those with high and low transfusion ratios using Chi Squared tests for 

categorical variables, one-way analysis of variance for normally distributed continuous variables, 

and the Kruskal-Wallis test for non-normally distributed continuous variables.  Transfusion data 

were reported as the median value and interquartile range.  The number of transfusions were 

compared between groups using the Kruskal-Wallis test. 

 

 



 

12 

 

 

Unadjusted 30-day survival was compared between groups using Kaplan-Meier analysis and the 

log-rank test.  The impact of the transfusion ratio on 30-day mortality was also modeled using 

Cox Proportional Hazards.  Variables were entered into the model if they had a p value less than 

0.3 on univariate testing for association with 30-day mortality.  The following variables were 

included in the final model: age, antifibrinolytic use, preoperative platelet count, preoperative 

INR, preoperative thienopyridine use, urgency of surgery, type of surgery, and the FFP to RBC 

transfusion ratio.  For all variables in the model, hazard ratios with 95% confidence intervals and 

p values were reported.  Martingale residuals were calculated to test the proportional hazards 

assumption. 

 

Logistic regression modeling was performed to estimate the odds for in-hospital mortality and 

important morbidities when comparing transfusion ratio groups.  Unadjusted odds ratios were 

calculated using bivariate logistic regression.  The results were graphically displayed on a Forrest 

Plot which includes both the point estimate for the odds ratio as well as a 95% confidence 

interval. 

 

In addition to unadjusted odds ratios, we calculated adjusted odds ratios using propensity score 

analysis and inverse probability of treatment weighting (IPTW).  Propensity score analysis and 

IPTW were selected as a method to control for bias because there was a high likelihood of 

confounding by indication for FFP transfusion.  The propensity score and IPTW were based 

upon methods in the published literature.10-12   
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IPTWs allow for an unbiased estimation of the average treatment effect.  Propensity scores were 

calculated using a non-parsimonious logistic regression model with multiple variables entered 

into the model as independent variables and receipt of the higher transfusion ratio between the 

two groups as the dependent variable.   

 

Independent variables were selected for inclusion in the propensity score model if they were 

thought to be associated with the exposure (higher transfusion ratio) and outcome variable 

(mortality) or only the outcome variable.  The following independent variables were entered into 

model: age, sex, weight, height, diabetes mellitus, dyslipidemia, hypertension, history of end 

stage renal disease requiring dialysis, baseline creatinine, infectious endocarditis, chronic lung 

disease, peripheral vascular disease, cerebral vascular disease, previous cardiac interventions, 

congestive heart failure within 2 weeks of surgery, prior myocardial infarction, left ventricular 

ejection fraction, preoperative beta blocker use, preoperative statin use, preoperative warfarin 

use, preoperative heparin use, preoperative aspirin use, preoperative glycoprotein IIb/IIIa 

inhibitor use, preoperative thienopyridine use, type of surgery, urgency of procedure, 

cardiopulmonary bypass (CPB) time, preoperative INR, preoperative hemoglobin, preoperative 

platelet count, and anti-fibrinolytic use.  IPTWs were calculated for patients with the exposure as 

1/propensity score and for those without the exposure as (1/1-propensity score).  IPTW adjusted 

odds ratios were calculated using a weighted logistic regression model. 
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Results 

7, 492 patients had surgery during the study period.  452 patients (6.0%) required massive 

intraoperative transfusion.  Thirty-day mortality was 25.4% and in-hospital mortality was 30.6%.  

Median length of ICU stay was 7 days and median length of hospital stay was 10 days.  Of the 

massively transfused patients 103 received a high FFP to RBC transfusion ratio, 261 received a 

moderate ratio, and 88 received a low ratio.  There were 13 intraoperative deaths with no 

difference in the rate of intraoperative death between groups (p=0.14).  30-day mortality was 

19.4% for patients in the high ratio group, 25.3% for patients in the moderate ratio group, and 

33.0% in the low ratio group.  Unadjusted 30-day survival was better with high a transfusion 

ratio (Figure 1, p=0.05).  There was no difference in ICU stay or hospital stay between 

transfusion ratio groups (p=0.64 and 0.82 respectively). 
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Characteristics of patients in the three groups are shown in Table 2.  Patients who received high 

transfusion ratios were younger, more likely to be male, less likely to be on hemodialysis, had 

higher baseline hematocrit levels, fewer myocardial infarctions, and were more likely to have 

emergency surgery and take warfarin before surgery.  They also had significantly longer CPB 

times and were less likely to have received aprotinin.  There were no differences in chronic lung 

disease or baseline ventricular function between the groups. 
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Table 2.  Patient characteristics by FFP to RBC ratio category 

 

Variable*          High  Moderate  Low   p**  

           n=103  n=261   n=88                 

           

_______________________________________________________________________ 

 

Age (years)          58 ± 13  60 + 16    63 + 16 0.08             

Male sex          76 (73.8%) 158 (60.5%)  43 (48.9%) 0.002          

Weight (kg)          81 ± 25  81 ± 21  87 ± 23 0.08            

Height  (cm)          172 ± 14  169 ± 16  166 ± 17 0.02 

Diabetes mellitus         25 (24.3%) 79 (30.3%)  28 (31.8%) 0.44  

Dyslipidemia          44 (42.7%) 135 (51.7%)  47 (53.4%) 0.23  

Hypertension          75 (72.8%) 197 (75.5%)  69 (78.4%) 0.67            

On hemodialysis         3 (2.9%)  26 (10.0%)  10 (11.4%) 0.06            

Baseline creatinine         1.1 [0.9, 1.6] 1.2 [0.9, 1.7]  1.2 [0.9, 1.9] 0.83            

(mg/dL) 

Baseline hematocrit         34 ± 7  32 ± 6   31 ± 6  0.003           

(%) 

Baseline PLT count         191 ± 76  213 ± 99  208 ± 95 0.13            

(platelets x 103/uL)                  

Baseline INR          1.2 [1.0, 1.8] 1.2 [1.1, 1.4]  1.2 [1.1, 1.4] 0.36             

Infectious           9 (8.7%)  26 (10.0%)  5 (5.7%) 0.47             

endocarditis 

Chronic lung disease         14 (13.6%) 46 (17.6%)  13 (14.8%) 0.59            

Peripheral vascular         9 (8.7%)  30 (11.5%)  19 (21.6%) 0.02  

disease 

Cerebrovascular         15 (14.6%) 39 (14.9%)  19 (21.6%) 0.30             

disease  

Previous cardiac         59 (57.3%) 140 (53.6%)  40 (45.5%) 0.25             

intervention  

Congestive heart          45 (43.7%) 96 (36.8%)  35 (39.8%) 0.47  

failure within 2 wks   

Prior myocardial         15 (14.6%) 80 (30.7%)  35 (39.8%) 0.0004 

infarction 

Left ventricular         50 [25, 55] 50 [35, 60]  50 [35, 60] 0.31            

ejection fraction (%)  

Beta blocker use         57 (55.3%) 145 (55.6%)  49 (55.7%) 0.99 

Statin use          38 (36.9%) 121 (46.4%)  41 (46.6%) 0.23           

Warfarin use          16 (15.5%) 18 (6.9%)  4 (4.6%) 0.01            

Heparin use          25 (24.3%) 110 (42.1%)  28 (31.8%) 0.003            

Thienopyridine use         8 (7.8%)  25 (9.6%)  10 (11.4%) 0.70            

IIb/IIIa inhibitor         3 (2.9%)  8 (3.1%)  1 (1.1%) 0.61       

Surgery type                                      0.0001 

   Isolated CABG         5 (4.9%)  28 (10.7%)  17 (19.3%) 
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Table 2 Continued    

 

CABG+valve         5 (4.9%)  19 (7.3%)  9 (10.2%)  

   Isolated valve         10 (9.7%) 33 (12.6%)  7 (8.0%) 

   Valve+other          32 (31.1%) 33 (12.6%)  8 (9.1%) 

   CABG+other         8  (7.8%)  35 (13.4%)  11 (12.5%) 

   Other (aortic surgery,      43 (41.8%) 113 (43.3%)  35 (39.8%) 

   VAD implant, etc.) 

Status                 0.02       

   Elective          31 (30.1%) 73 (28.1%)  24 (27.3%)  

   Emergent          34 (33.0%) 51 (19.6%)  15 (17.1%) 

   Urgent          38 (36.9%) 136 (52.3%)  49 (55.7%) 

CPB time (minutes)         203 [159, 291] 201 [143, 245]            172 [117, 226]  0.01 

Antifibrinolytic                       <0.0001            

   Aprotinin          2 (1.9%)  25 (9.7%)  18 (20.5%) 

   ε-Aminocaproic         93 (90.3%) 181 (69.9%)  52 (59.1%) 

   acid 

   Tranexamic acid          4 (3.9%)  15 (5.8%)  5 (5.7%) 

   None            4 (3.9%)  15 (5.8%)  5 (5.7%)  

_______________________________________________________________________ 

 

CABG=coronary artery bypass grafting, CPB=cardiopulmonary bypass, FFP=fresh frozen 

plasma, RBC=red blood cell, VAD=ventricular assist device 

 
* Nonproportional results are presented as medians with interquartile range or mean ± sd 

depending on normality.  

 
** P values represent the results of ANOVA, Kruskal-Wallis test, or Chi Squared Tests. 
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Transfusion data for the two groups are shown in Table 3.  Patients receiving high transfusion 

ratios received significantly more FFP and platelets in the operating room. They also received 

significantly fewer RBCs and FFP after surgery.  There was no difference in postoperative 

platelet transfusion between groups. 

 

Table 3.  Transfusion details by FFP to RBC transfusion ratio group  

 

Variable*       High          Moderate      Low   p** 

          

 

Intraoperative RBC      10 [8, 13]         10 [8, 13]      9 [8, 12]  0.50 

transfusion (units) 

Intraoperative FFP       14 [12, 17]         8 [6, 11]      4 [2, 4]          <0.0001  

transfusion (units) 

Intraoperative platelet      4 [3, 5]         3 [2, 4]      2 [1, 3]          <0.0001       

transfusion (units) 

Intraoperative        1.3 [1.2, 1.5]       0.8 [0.6, 0.9]     0.3 [0.2, 0.4]        <0.0001       

FFP: RBC ratio   

 

Postoperative RBC       3 [1, 9]          6 [2, 16]      9 [2, 20]             0.006          

transfusion (units) 

Postoperative FFP       2 [0, 5]          2 [0, 9]      5 [2, 12]  0.002  

transfusion (units) 

Postoperative platelet      1 [0, 4]          1 [0, 4]      2 [0, 6]  0.07           

transfusion (units)  

_______________________________________________________________________ 

 

FFP=fresh frozen plasma, RBC=red blood cell 

 
* Transfusion volumes are presented as medians with interquartile range.   

 
**P values represent the results of the Kruskal-Wallis test. 
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Table 4 shows the results of the Cox-proportional Hazards model.  High and moderate 

transfusion ratios were associated with less 30-day mortality when compared to a low transfusion 

ratio.  Other factors that were independently associated with 30-day mortality included the 

following: preoperative platelet count (HR=0.999), preoperative INR (HR=1.223), 

thienopyridine use (HR=2.136), CPB time (HR=1.004), and type of surgery (valve + other 

HR=3.059 compared to CABG + valve).  No variable in the model violated the proportional 

hazards assumption when assessed by Martingale residuals. 
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Table 4.  Cox proportional hazards model for 30-day survival  

 

_______________________________________________________________________ 

 

Variable    Hazard ratio  95% CI   p value 

_______________________________________________________________________ 

 

Age     1.015   0.999 to 1.031  0.06 

No antifibrinolytic vs. aprotinin 0.912   0.428 to 1.941  0.81 

Aminocaproic acid vs. aprotinin 0.586   0.317 to 1.084  0.09  

Tranexamic acid vs. aprotinin  0.457   0.148 to 1.412  0.17 

Preoperative platelet count   0.999   0.999 to 0.999  0.004 

(platelets x 103/uL) 

Preoperative INR   1.223   1.064 to 1.405  0.005 

Preoperative thienopyridine  2.136   1.086 to 4.202  0.03 

CPB time (minutes)   1.004   1.002 to 1.005           <0.0001  

Elective vs. emergent   0.616   0.320 to 1.186  0.15 

Urgent vs. emergent   0.975   0.571 to 1.665  0.93 

Other vs. CABG + valve  1.618   0.721 to 3.631  0.24 

Valve only vs. CABG + valve 2.004   0.753 to 5.331  0.16 

CABG vs. CABG + valve  1.067   0.371 to 3.065  0.90 

Valve + other vs. CABG + valve 3.059   1.244 to 7.521  0.02 

CABG + other vs. CABG + valve 1.925   0.702 to 5.276  0.20  

High FFP to RBC ratio vs. moderate 0.664   0.364 to 1.214  0.18 

Moderate FFP to RBC ratio vs. low 0.511   0.313 to 0.833  0.007  

High FFP to RBC ratio vs. low 0.339   0.172 to 0.668  0.002  

________________________________________________________________________ 

   

CABG=coronary artery bypass graft, CPB=cardiopulmonary bypass, FFP=fresh frozen plasma, 

INR=international normalized ratio, RBC=red blood cell 
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Figures 2, 3, and 4 show Forrest plots with unadjusted and adjusted odds ratios for in-hospital 

mortality and morbidities after surgery.  Patients who received high transfusion ratios had less 

mortality, less renal failure, fewer reoperations, and less MODS compared to patients who 

received low transfusion ratios (Figure 2).  Patients who received high transfusion ratios also had 

more prolonged ventilation and more atrial fibrillation.  Patients who received high transfusion 

ratios had less mortality, fewer reoperations, and fewer strokes compared to patients with 

moderate transfusion ratios (Figure 3).  There were no differences in outcomes between patients 

who received moderate transfusion ratios and low transfusion ratios (Figure 4). 
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Discussion 

Massive transfusion in cardiac surgery is associated with a 37% standardized mortality ratio in 

the first 6 months after surgery and 50% of all massively transfused patients die within 5 years of 

the event.13  To date there are few studies that have examined the impact of transfusion ratios on 

morbidity and mortality in cardiac surgery patients.  Previous studies in trauma patients with 

massive hemorrhage suggested that transfusion of high ratios of FFP and platelets to RBCs might 

confer a survival benefit; however, this practice remains controversial and may not be 

generalizable to other groups of patients.5-6  Early transfusion of FFP and platelets has also been 

shown to significantly reduce the risk of postoperative hemorrhage by a factor of 2 in cardiac 

surgery patients when guided by thromboelastometry parameters.14  Transfusion of FFP and 

platelets is also associated with significant risks including infection, lung injury, and volume 

overload so high ratio transfusion may also be harmful for patients.  

 

In our cohort, a high FFP to RBC transfusion ratio was associated with improved 30-day survival 

and survival to hospital discharge.  High transfusion ratios were also associated with fewer 

reoperations for bleeding and less renal failure.  However, high ratio transfusion increased the 

risk for prolonged mechanical lung ventilation and atrial fibrillation.  These findings are fairly 

consistent with those from trauma patients even though cardiac surgery patients tend to be older, 

have more comorbidities, and poorer cardiac function. 
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The rationale for transfusing high ratios of FFP to RBCs in patients with massive hemorrhage is 

in part based upon the idea that continuous replacement of procoagulant and anticoagulant 

factors can achieve hemostasis without thrombosis.  Transfusion of FFP allows for repletion of 

all procoagulant and anticoagulant factors, which theoretically restores the normal procoagulant-

anticoagulant balance.  FFP transfusion has been shown to increase thrombin generation by 

approximately 15% to 20% per 2-3 units transfused in dilutional coagulopathy.15  Animal models 

of hemorrhage also suggest that FFP transfusion may be protective because it restores normal 

endothelial cell function by reconstituting the glycocalyx.16-18  Despite these potential benefits, 

15 ml per kg transfusion of FFP has not been shown to fully correct dilutional coagulopathy or 

restore normal hemostasis.19 

 

There are also potential disadvantages when giving large volumes of FFP in cardiac surgery 

patients.  First FFP transfusion requires large fluid volumes to be administered to patients.  

Although this practice may be well tolerated in trauma patients with few existing comorbidities, 

it is probably less well tolerated in cardiac surgery patients who have reduced ventricular 

function after cardiopulmonary bypass.  Second, FFP transfusion has been associated with a 

litany of complications including: transfusion associated acute lung injury (TRALI), transfusion 

associated circulatory overload (TACO), allergic and anaphylactic reactions, infections, and 

RBC allo-immunization.20  Pulmonary complications are a particular concern when large 

volumes of FFP are transfused and the relationship between FFP transfusion and lung injury 

appears to be dose dependent.8,21 
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Our study results suggest that high ratios of FFP to RBCs in the operating room led to less 

postoperative FFP use, which implies better hemostasis in the operating room and less 

postoperative coagulopathy.  In the low transfusion ratio group, postoperative RBC and FFP 

transfusion were much higher, indicating severe coagulopathy after surgery (Table 2).  In the 

high transfusion ratio group, there were also fewer reoperations for bleeding suggesting better 

hemostasis.   

 

Patients who were transfused high ratios of FFP to RBCs also had less renal failure which may 

be related to improved hemostasis, which can lead to hemodynamic stabilization and earlier 

cessation of shock and vasopressor use.   In the PROPPR study, which was the largest 

randomized clinical trial comparing transfusion ratios in patients with severe hemorrhage, the 

1:1:1 group also had less acute kidney injury when compared to the 1:1:2 group, but the 

difference was not statistically significant, risk difference=-3.0%, [95% CI=-9.4% to 3.5%].   

The high ratio group in our study also had more prolonged mechanical lung ventilation time and 

more atrial fibrillation.  These findings are consistent with previous studies that have linked FFP 

transfusion with lung injury and high transfusion volumes with postoperative atrial fibrillation.  

It is difficult to explain why our study results differ from PROPPR in regards to mortality, but 

one possible explanation is that only half of the patients in the PROPPR trial were actually 

massively transfused (defined by 10 RBC units in 24 hours); whereas all patients in our study 

received at least 8 RBC units during surgery.  Because our patients appeared to have more 

bleeding, FFP may have been more beneficial.   
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Based on our results, we believe the optimal hemostatic strategy in cardiac surgery patients who 

require massive transfusion is early high ratio transfusion.  Our data suggest that it is reasonable 

to transfuse high ratios in the operating room and that this may decrease the risk for reoperation, 

renal failure, and MODS.  However, because high FFP to RBC ratios also appear to be 

associated with an increased risk of prolonged mechanical lung ventilation and atrial fibrillation, 

aggressive volume removal might also be necessary as soon as feasible.  Volume overload is a 

major contributor to both postoperative lung injury and postoperative atrial fibrillation.  Volume 

removal could be achieved either through pharmacologic diuresis or slow continuous 

ultrafiltration (SCUF).  Alternatively, in patients who are likely to be at risk for massive 

hemorrhage and transfusion after CPB, FFP units could be given during CPB, and volume 

balance could be neutralized by modified ultrafiltration.  To date there are no clinical trials to 

support either of these practices, but our data could serve as a basis for initiating these studies. 

 

Our study does have some limitations.  First, it is observational and cannot establish causality.  

Second, we used propensity scores and IPTW analysis to decrease the bias from confounding by 

indication for FFP transfusion.  It is possible there were unobserved confounders that were not 

included in the model and residual bias could exist in our risk estimates.  There are also 

limitations to the balance in covariates that propensity scores can achieve in a modestly sized 

data set.  Third, transfusion practices were not standardized during the study period, which could 

have biased our results because the postoperative care may have been different for patients in the 

various transfusion ratio groups.  Similarly, there were no standardized mechanical lung 

ventilation practices for patients in the cohort other than patients with acute respiratory distress 
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syndrome (ARDS), who received a tidal volume of 6 ml/kg and plateau pressures below 30 cm 

H20.  Fourth, it is possible that patients who received high transfusion ratios, received FFP earlier 

due to an elevated preoperative INR, and this may have led to improved hemostasis compared to 

patients who were given FFP later in their bleeding course.  Use of prothrombin complex 

concentrate became more common after the study period and thus using FFP for acute warfarin 

reversal may not reflect contemporary practice.  

 

The main strength of our study is that it is the largest cohort study to date of cardiac surgery 

patients with massive hemorrhage that examines the impact of transfusion ratios on meaningful 

clinical outcomes.  Also, we used robust methods to control for bias related to confounding by 

indication for FFP transfusion.   

 

In summary, a high FFP to RBC transfusion ratio appears to be associated with reduced 30-day 

mortality, less postoperative bleeding and less renal failure in cardiac surgery patients with 

massive intraoperative transfusion.  High ratios are also associated with increased risks of 

prolonged mechanical lung ventilation and atrial fibrillation.  Future studies comparing 

transfusion ratios are needed to examine optimal plasma transfusion practices in cardiac surgery 

patients with a high risk for massive intraoperative transfusion.   
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