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Background 
Early and increased amounts of plasma have been associated with 

improved survival after penetrating and blunt injury. However, no 
studies involving burn patients demonstrate the effects of intraoperative 
plasma administration on postoperative resuscitation requirements. 
This study examined perioperative transfusion ratios [plasma:RBC 
(P:R)] and the role of early, aggressive plasma administration in a 
contemporary burn center.

Methods
We performed a single-center, 6-month retrospective analysis of 

148 operative interventions beginning January 2007. Inclusion criteria 
were operations in burn patients > 18 years of age with > 20 percent 
TBSA burn who incurred intraoperative EBLs > 500 mL. Data was 
obtained from medical records, trauma registry and the institution’s 
blood bank. Since surgical interventions for extensive burns are often 
done as staged procedures, individual patients sometimes do appear 
in the study as multiple different entries. The data were divided into 
a high plasma:RBC group (>1:2) and a low plasma:RBC (<1:2) group. 
These groups were then evaluated using a Wilcoxon Signed Rank test 
for postoperative transfusion requirements for both plasma and red 
blood cells for the 24-hour postoperative period.

Results
The typical patient included in the study was a 29-year-old male 

with 52 percent TBSA; 42 percent of which was full thickness. The 
average surgery lasted 133 minutes and had an EBL of 1458 mL. 
Mean intraoperative transfusion included 1.24 units plasma and 2.82 
units RBCs; however, mean blood product administration in the 
postoperative period was 0.99 units plasma and 0.95 units RBCs. An 
analysis of the two groups showed that both the high plasma and the 
low plasma groups were similar in regards to age, gender, and ASA 
classification. No statistical difference was apparent when comparing 
preoperative hematocrit, postoperative hematocrit or postoperative 
INR. Preoperative INR was statistically greater in the higher P:R cohort, 
and these patients received more albumin and platelets postoperatively 
[p<0.05]. Patients with interoperative P:R > 1:2 were also statistically 
more likely to have longer operations. Analysis of our data showed 
that patients who received a higher ratio of plasma required fewer 
transfusions of both red blood cells and plasma postoperatively and 
that both of these results reached statistical significance. Results also 
showed that in the 24 hours following surgery, the mean P:R ratio 
jumped from 0.44 interoperatively to 1.04 postoperatively. 

Discussion
 The debate over the ideal large volume resuscitation is fraught with 

conflicting information and subject to passionate debate. Certainly, 
tomes could be written about the crystalloid versus colloid discussion 
itself, but that review is beyond the scope of our study. The question of 
when to start transfusing plasma and at what ratio to packed cells has 
also been longstanding. In fact, the debate over proper use of fresh frozen 

plasma has been ongoing for more than 20 years. After a 10-fold increase 
in FFP administration between the years of 1974-1984, the National 
Institutes of Health convened a Consensus Development Conference 
on Fresh Frozen Plasma [1]. The recommendations that came from the 
conference said that that FFP was indicated for replacement of isolated 
factor deficiencies, coumadin reversal, antithrombin III deficiency, 
treatment of thrombotic thrombocytopenic purpura and massive 
blood transfusion. Massive blood transfusion was defined as blood loss 
greater than one blood volume over the course of several hours. The 
consensus statement made no mention of what ratio of FFP to packed 
red blood cells was recommended [2].

Subsequently, the American Society of Anesthesiologists published 
recommendations in 2006 from its transfusion task force. The guidelines 
for FFP cover just two paragraphs and limit the use of FFP to five 
indications. The first is microvascular bleeding along with abnormal 
coagulation tests (PT 2 times normal, INR greater than 2.0 or aPTT 
greater than 2 times normal). The second indication is microvascular 
bleeding secondary to coagulation factor deficiency in patients who 
have had more than one blood volume of transfusion when results from 
coagulation studies cannot be made available quickly. Other indications 
included urgent coumadin reversal, correction of known coagulation 
factor deficiencies and antithrombin III deficiency in a patient needing 
heparin treatment. At any rate, the ASA recommendations would seem 
to preclude giving FFP until a patient has an abnormal coagulation 
study or until the patient has been transfused at least one blood volume 
worth of red blood cells. Once the criteria for FFP transfusion has been 
met, the ASA task force recommended transfusing up to a minimum of 
30 percent of plasma factor concentration (hence the 1:3 FFP to PRBC 
transfusion ratio mentioned in some other articles) [3].

Both the NIH consensus and the ASA recommendations note the 
potential for infection and the fact that PT and PTT may remain normal 
with less than a 50% concentration of coagulation factors in support 
of the position that plasma transfusion should initially be avoided. 
The problem arises that patients suffering massive hemorrhage are 
often already coagulopathic on arrival at an emergency department 
and that massive transfusion protocols based on the previously listed 
recommendations do not adequately treat this coagulopathy [4]. 
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Because of these findings, Gonzalez et al. [4]  recommended changing 
the massive transfusion protocol to emphasize the early administration 
of fresh frozen plasma. The previous recommendations of withholding 
plasma until six units of packed cells had been transfused were scrapped 
in favor of a protocol calling for 1:1 plasma to red blood cell transfusion 
ratio. Another study showed that the rate of death by exsanguinations 
for patients with pelvic fractures dropped from 9 percent to 1 percent 
after changing the transfusion protocol to allow for administration of 
plasma in the emergency department [5].

Avoiding the transfusion of plasma until a full volume of red 
cells has been replaced is not the only recommendation that has been 
challenged. There are multiple papers from both military and civilian 
medical centers that deem the 1:3 plasma to RBC transfusion ratio 
inadequate. One retrospective study of patients in a combat support 
hospital found that a transfusion ratio of plasma to RBCs of around 
1:1 led to an increased rate of survival. This survival benefit was 
mainly due to decreased death secondary to hemorrhage [6]. Another 
study involving combat casualties also showed benefits of improved 
hemostasis and shorter ventilator times, in addition to increased 
survival when using either a 1:1 ratio of plasma to RBCs or fresh whole 
blood [7]. Another retrospective military study looking at all patients 
who received blood component therapy while at one combat support 
hospital found that FFP transfusion amounts were independently 
associated with increased survival. Likewise, increasing amounts 
of RBC transfusions were independently associated with decreased 
survival [8]. Such findings might accentuate the utility of transfusing 
plasma early to decrease the chances of coagulopathy and need for 
increasing RBC transfusions.

While military research recommending early and increased 
use of plasma has been plentiful, there is also civilian data fueling 
the controversy. At least two larger retrospective studies have also 
concluded that plasma to RBC transfusion ratios near 1:1 confer 
survival benefits on trauma patients who undergo massive transfusion. 
One study included 466 mass transfusion patients who were treated 
at 16 level 1 trauma centers. Patients were divided into high (>1:2) 
plasma to RBC and low (<1:2) plasma to RBC groups and were then 
evaluated for outcome. Patients in the high plasma to RBC group were 
determined to have improved survival at 6 hours, 24 hours and 30 
days [9]. The second study included 626 trauma patients at one trauma 
center who received blood transfusions over the course of four years. 
This study found a statistically significant improvement in mortality 
when patients who received a massive transfusion (>10 units RBCs) 
also received plasma at a 1:1 ratio. This study also found a trend toward 
decreased mortality for patients who received <10 units RBCs along 
with plasma at a 1:1 ratio, though this finding was not statistically 
significant [10].  

These findings have not been replicated universally in the civilian 
setting. A retrospective analysis of 166 patients who underwent massive 
transfusion at a single trauma center found that while plasma to RBC 
ratio of 1:1 led to statistically significant improvement in coagulopathy, 
there was no difference in mortality compared with patients who 
received a lower ratio [11].

While there is a multitude of data regarding plasma transfusion in 
blunt and penetrating trauma, there is little data to suggest that early 
and increased plasma might be of benefit to burn patients. Other facets 
of burn resuscitation, particularly the initial stages of resuscitation, 
have been frequently studied. Recommendations for an initial infusion 
of crystalloid at volumes of 2-4 ml/kg/%burn for the first 24 hours have 
been well publicized, though they are certainly not without controversy 

[12]. We do not address this topic whatsoever in our research. Many of 
our patients are soldiers who received their initial care in theater and 
then were transferred to our facility for definitive care. None of our 
data was gathered from initial burn resuscitation.

While burn patients may not have initial hemorrhage (though many 
of our military patients do have other injuries that cause immediate 
hemorrhage), all patients who require large scale excision and skin 
grafting may become candidates for blood transfusions. Considering 
that our average estimated blood loss for this study was nearly 1.5 L, 
it is not surprising that nearly all of our massively burned patients 
eventually require transfusion. We hypothesized that higher ratios of 
plasma transfusion during surgery would reduce coagulopathy and 
thereby decrease the requirement for RBC and plasma transfusion 
postoperatively. Because of the design of our study, we were not able 
to evaluate whether increased ratios of plasma conferred any mortality 
benefit. Though 148 operative interventions were included in the 
study, only 89 actual patients were enrolled. Therefore, any attempt to 
determine a mortality benefit had great potential for error. 

While our research points to the possibility that plasma to RBC 
transfusion ratios >1:2 are beneficial to burn patients, more research 
is necessary to determine potential detriments or whether this higher 
ratio confers any mortality benefit. Our research is also limited by the 
fact that it is a retrospective study rather than a prospective study. There 
is also the possibility that since the data for this study came from only 
one hospital, institutional practices might have influenced the results 
in a way that might make it difficult to reproduce the study results at 
another institution.

Conclusions 
Higher intraoperative plasma to RBC ratios was associated with 

fewer transfusion requirements for plasma and RBCs in the first 24 
hours postoperatively in our study. Patients who received a ratio >1:2 
of plasma to RBCs had significantly higher INRs preoperatively and 
longer surgeries, but still required significantly less plasma and RBCs 
postoperatively. These results may demonstrate the benefit of aggressive 
interoperative plasma use to correct perioperative coagulopathy. 
Further studies, preferably prospective studies, will be needed to know 
whether early, more aggressive plasma transfusion practices confer 
mortality benefits. 
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