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ABSTRACT

Background: Massive transfusion protocols (MTPs) are increasingly used in the 
transfusion practice and are developed to provide the standardized and early delivery 
of blood products and procoagulant agents and to supply the transfusion of blood 
products in a well-balanced ratio. The aim of this study was to investigate the effect of 
a hospital-wide introduction of an MTP on blood product ratio and a waste of blood 
products. 

Methods: A retrospective analysis was performed to compare the transfusion practice 
in massive bleeding patients before and after the introduction of an MTP and between 
the use of an MTP and transfusion off-protocol. Massive bleeding was defined as an 
administration of ≥5 units of red blood cells (RBCs) within 12 h. 

Results: Of 547 massively transfused patients, 192 patients were included in the pre-
MTP period and 355 patients in the MTP period. The ratio of RBC to fresh frozen plasma 
(FFP) and the platelets transfused shifted significantly toward 1:1:1 in the MTP period 
(P = 0.012). This was mainly caused by a shift in RBC: FFP ratio (P = 0.014). An increase 
in the waste of blood products was observed, most notably FFPs (P = 0.026). Extending 
the storage time after thawing reduced the waste of FFPs from 11% to 4%.

Conclusion: Hospital-wide introduction of an MTP is an adequate way to achieve a well-
balanced transfusion ratio of 1:1:1. This comes at the cost of an increase in the waste 
of FFPs, which is lowered after extending the duration of storage time after thawing.
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INTRODUCTION

Massive haemorrhage is a leading cause of mortality1-4. Resuscitation of massive 
haemorrhage has shifted toward the earlier administration of higher doses of fresh 
frozen plasma (FFP) to achieve haemostasis and to reduce mortality5-10. A balanced ratio 
of 1:1:1 for red blood cells (RBCs), FFPs, and platelets (PLTs) is recommended as the 
optimal resuscitation practice in rapidly bleeding patients5,10. A standardized and early 
delivery of blood products and procoagulant agents may contribute to achieve this 
optimal transfusion ratio.

Massive transfusion protocols (MTPs) are increasingly used in transfusion practice 
and are developed to provide standardized and early delivery of blood products and 
procoagulant agents11, to support the transfusion of higher ratios of FFPs and PLTs 
to RBCs12,13 and to decrease the time to transfusion by keeping pre-thawed plasma 
available,11, with the ultimate goal of improving haemorrhage control, thereby 
decreasing the mortality7,13-19. Previous studies investigating the MTP are focused on 
trauma patients. However, massive bleeding is not restricted to trauma patients and 
also occurs in different patient populations, including those with gastrointestinal 
haemorrhage, postpartum haemorrhage, and cardiovascular surgery. Research on the 
effect of an MTP in non-trauma patients is limited and hampered by small sample 
sizes12,20,21. Also, besides beneficial effects, MTPs may also result in an increased waste 
of costly blood products, which is a major concern for blood banks.

Therefore, the aim of this observational study was to investigate the effect of the 
hospital-wide introduction of an MTP in massively bleeding patients on the ratio of 
blood products transfused and the waste of blood products.

MATERIALS AND METHODS

A retrospective analysis was performed from January 2011 to December 2013 at the 
Academic Medical Center, a tertiary referral centre.

The MTP was introduced in January 2012. The period between January 2011 and 
December 2011 was identified as the pre-MTP period and the period between January 
2012 and December 2013 as the MTP period. All massive bleeding patients, defined as 
the administration of ≥5 RBCs within 12 h, were included. This definition was chosen 
instead of ≥10 RBCs in 24 h, in order to capture the episodes of severe bleeding instead 
of oozing over a prolonged period. Also, the administration of MTP may prevent severely 
bleeding patients from receiving ≥10 RBCs. Of note, the patients in the MTP period who 
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were massive bleeding and required ≥5 RBCs, but for whom the MTP was not activated, 
were termed as massive transfusions off-protocol. Comparisons were made between 
the pre-MTP period and the MTP period, and between the use of MTP and transfusion 
off-protocol.

Transfusion strategies
In the pre-MTP period, the patients with a suspected massive bleeding, with low 
haemoglobin levels (<8 g/dL) and in shock were transfused with leucoreduced RBCs, 
FFPs, PLTs, and procoagulant agents as deemed appropriate by the treating physician. 
FFPs were issued by the blood bank after the requested units were fully thawed. 
Recombinant factor VIIa (rVIIa) and fibrinogen were administered when a patient was 
still bleeding after gaining the surgical source control.

After the introduction, the MTP was activated for the patients with a systolic blood 
pressure <90 mmHg without the response to fluid administration and a suspicion of 
a massive bleeding due to any cause. Activation of the MTP provides an immediate 
delivery of 6 RBC units, 6 pre-thawed FFP units, and 2 PLT units (one unit is pooled 
from 5 donors) with the aim to administer blood products in a ratio of 1:1:1. Laboratory 
targets for resuscitation were a haemoglobin level of 8-10 g/dL, PT/APTT <1.5-fold 
extended, PLT count of 50-100 109/L, and a fibrinogen level >1.5 g/L. Additional 
treatment targets were normothermia (>35°C), pH level >7.25, oxygen saturation of 
95% and normovolemia (base excess (BE) > −6, and a systolic blood pressure >90 
mmHg). If a patient was still bleeding diffusely after gaining surgical source control while 
the temperature, pH, and BE were normal, rVIIa was administered together with PLTs 
and fibrinogen. Six units of FFPs were kept pre-thawed for 72 h, after which they were 
discarded if unused. Furthermore, RBCs units and thawed plasma were discarded when 
not returned to the blood bank within 8 h after MTP activation; PLTs were discarded 
when not returned within 2 h. Blood products were also discarded after exceeding the 
expiration date (RBC >35 days, PLT >7 days).

Data collection
A prospectively collected blood bank transfusion database was used to determine the 
frequency for all products issued, as well as the number of products transfused and 
wasted. Patient characteristics, comorbidities, the use of anticoagulant medication and 
the first laboratory tests, use of procoagulant agents, length of hospital stay, length of 
Intensive Care Unit stay, 24-h mortality, and 28-day mortality were collected from an 
electronic medical record. The primary outcome of this study was the ratio of blood 
products transfused (RBC: FFP:PLT). The secondary outcome was the waste of blood 
products.
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Statistical analysis
For continuous variables, the normality assumption was tested by visually inspecting the 
histograms and using the Kolmogorov-Smirnov test. When the normality assumption 
was met, the Student’s t-tests were used. Otherwise Mann-Whitney U-test was applied 
to test for differences between the pre-MTP and the MTP group or between the use 
of MTP and transfusion off-protocol. Categorical variables were compared using the 
Chi-square test. To determine the waste of blood products following the introduction 
of the MTP, a subgroup analysis was performed on all the patients for whom the MTP 
was activated (whether massive bleeding or not).

RESULTS

A total of 639 patients were screened, of which 547 patients met the inclusion criteria, 
with 192 patients in the pre-MTP period and 355 patients in the MTP period. The 
majority of these included patients were non-trauma patients (91%). Of note, from 
the total of 207 MTP activations, 56% turned out to be massively bleeding [Figure 1]. 
Patient characteristics and first laboratory results after bleeding are shown in Table 1. 
Patients before and after MTP introduction did not differ in patient characteristics. 

To further delineate effects of MTP, we also compared massively bleeding patients 
who were transfused according to the MTP with massive bleeding patients who were 
transfused off-protocol. Of the 447 patients in the MTP period, 240 patients received 
≥5 RBCs off-protocol [Figure 1]. We were not able to retrieve the reasons why patients 
were transfused off-protocol. Of note, the patients for whom the MTP was activated 
were more acidotic compared to bleeding patients who were transfused off-protocol 
[Table 2].
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FIGURE 1: Flowchart of included patients. Only those patients who received ≥5 units of red blood cells within 

12 h were included for analysis
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TABLE 1: Patient characteristics of massively bleeding patients (≥ 5 RBCs) in the pre-MTP and MTP 

period. First laboratory results are shown.

≥5 RBCs
Pre-MTP
n=192

≥5 RBCs
MTP period

n=355

P-value

Gender male, n (%) 122 (63) 230 (65) 0.771

Age, median (IQR) 65 (51-76) 65 (52-73) 0.341

Comorbidity, n (%)
•    None
•    Cardiovascular
•    Pulmonary
•    Bleeding diathesis
•    Other

50 (26)
109 (57)
16 (8)
8 (4)
9 (5)

88 (25)
203 (57)
25 (7)
10 (3)
29 (8)

-

Anticoagulation medication, n (%)
•    None
•    Antiplatelet therapy
•    Anticoagulant therapy
•    Novel oral anticoagulant medication

99 (52)
63 (33)
30 (16)
0 (0)

173 (49)
114 (32)
66 (19)
2 (1)

-

Department 
•    Surgery
•    Trauma
•    Obstetrics
•    Internal Medicine
•    Other

122 (64)
15 (8)
4 (2)

29 (15)
22 (11)

226 (64)
33 (9)
18 (5)
40 (11)
38 (11)

-

Systolic blood pressure, mmHg, median (IQR) 94 (75-109) 88 (72-105) 0.198

Heart Rate, bpm, median (IQR) 89 (69-109) 88 (78-104) 0.696

Haemoglobin, g/dL, mean (SD) 8.4 (2,3) 8.5 (2,3) 0.662

Base Excess mmol/L, median (IQR) -3.4 (7.1) -4.2 (5.9) 0.235

Mortality 24-hours, n (%) 23 (12) 52 (15) 0.386

Mortality 28-days, n (%) 65 (34) 124 (35) 0.801

*Hb: Haemoglobin; BE: Base excess; MTP: Massive transfusion protocol; and RBCs: Red blood cells
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Ratio of blood products
After the introduction of the MTP, the total amount of blood products administered per 
bleeding patient did not differ significantly compared to the pre-MTP period. Patients 
were significantly more frequently administered with a blood product ratio of 1:1:1 in 
the MTP period (P = 0.012). This was mainly caused by a shift in RBC: FFP ratio towards 
1:1 (P = 0.014). No shift in the RBC: PLT ratio was observed. Massively bleeding patients 
in the pre-MTP group received procoagulant agents as frequently as in the MTP group 
[Table 3].

When massively bleeding patients who were transfused according to the MTP were 
compared with massively bleeding patients who were transfused off-protocol, a 
significant increase in the total amount of blood products administered per patient 
was seen in patients who were transfused according to the MTP. The total amount of 
blood products administered per patients increased with 8 units (P < 0.001). Transfusion 

TABLE 2: Patient characteristics of massively bleeding patients (≥5 RBCs) in the MTP period. Transfusion 

off-protocol was compared with transfusion according to the MTP. First laboratory results are shown.

≥5 RBCs
Off-protocol

n=240

≥5 RBCs
MTP activation

n=115

P-value

Gender male, n (%) 154 (64) 76 (66) 0.723

Age, median (IQR) 65 (52-73) 65 (49-75) 0.505

Comorbidity, n (%)
•    None
•    Cardiovascular
•    Pulmonary
•    Bleeding diathesis
•    Other

46 (19)
144 (60)
18 (8)
9 (4)

23 (10)

42 (37)
59 (51)
7 (6)
1 (1)
6 (5)

-

Anticoagulation medication, n (%)
•    None
•    Antiplatelet therapy
•    Anticoagulant therapy
•    Novel oral anticoagulant medication

97 (40)
78 (33)
40 (17)
0 (0)

60 (52)
36 (31)
15 (14)
1 (1)

-

PatientDepartment 
•    Surgery
•    Trauma
•    Obstetrics
•    Internal Medicine

191 (80)
13 (5)
11 (5)
25 (10)

76 (63)
20 (17)
7 (6)

15 (13)

-

Systolic blood pressure, mmHg, median (IQR) 90 (71-107) 87 (75-101) 0.738

Heart Rate, bpm, median (IQR) 82 (66-104) 90 (78-102) 0.070

Haemoglobin, g/dL, mean (SD) 8.4 (2.3) 8.6 (2.4) 0.475

Base Excess mmol/L, median (IQR) -3.2 (5.1) -6.2 (6.8) <0.001

RBCs: Red blood cells; FFP: Fresh frozen plasma; rVIIa: Recombinant factor VIIa; and MTP: Massive 
transfusion protocol
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according to the MTP resulted in a significant shift in the transfusion ratio further towards 
1:1:1 compared to transfusion off-protocol (P = 0.003). The number of FFPs and PLTs 
to RBCs transfused were both significantly increased. Furthermore, patients transfused 
according to the MTP received significantly more procoagulant agents compared to the 
patients transfused off-protocol (both fibrinogen and rVIIa P < 0.001, Table 4).

TABLE 3: The amount of blood products and procoagulant agents transfused in massively bleeding pa-

tients, pre-MTP vs MTP period.

≥5 RBCs
Pre-MTP
n=192

≥5 RBCs
MTP period

n=355

P-value

Amount of blood products per patient, median (IQR) 15 (11-24) 17 (12-25) 0.127

RBC units, median (IQR) 8 (6-12) 8 (7-13) 0.279

FFP units, median (IQR) 6 (3-9) 6 (4-11) 0.224

Platelets units, obtained from 5 donors, median (IQR) 2 (1-3) 2 (0-4) 0.139

RBC:FFP ratio ≤ 1:1, n (%) 70 (37) 168 (47) 0.014

RBC:PLT ratio ≤ 1:1, n (%) 119 (62) 230 (65) 0.514

RBC:FFP:PLT = 1:1:1, n (%) 56 (29) 142 (40) 0.012

Fibrinogen, n (%) 76 (40) 143 (40) 0.874

Recombinant factor VIIa, n (%) 10 (5) 21 (6) 0.733

First laboratory results are shown. *Hb: haemoglobin; BE: Base excess; MTP: Massive transfusion protocol; 
and RBCs: Red blood cells

TABLE 4: The amount of blood products and procoagulant agents transfused in massively bleeding patients 

in the MTP period. Transfusion off-protocol was compared with transfusion according to the MTP. First 

laboratory results are shown.

≥5 RBCs
Off-protocol

n=240

≥5 RBCs
MTP activation

n=115

P-value

Amount of blood products per patient, median (IQR) 15 (11-22) 23 (15-41) <0.001

RBC units, median (IQR) 8 (6-10) 12 (7-18) <0.001

FFP units, median (IQR) 5 (3-8) 8 (5-14) <0.001

Platelets units, obtained from 5 donors, median (IQR) 2 (0-3) 2 (1-4) <0.001

RBC:FFP ratio ≤ 1:1, n (%) 100 (42) 68 (59) 0.002

RBC:PLT ratio ≤ 1:1, n (%) 146 (61) 84 (73) 0.024

RBC:FFP:PLT = 1:1:1, n (%) 83 (35) 59 (51) 0.003

Fibrinogen, n (%) 81 (34) 62 (54) <0.001

Recombinant factor VIIa, n (%) 7 (3) 14(12) <0.001

First laboratory results are shown. *RBCs: Red blood cells; FFP: Fresh frozen plasma; rVIIa: Recombinant 
factor VIIa; and MTP: Massive transfusion protocol
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Waste of blood products
The waste of thawed FFPs increased significantly after the introduction of the MTP (P 
= 0.026, Figure 2a). The waste of FFPs was most frequently caused by MTP activation 
in the patients who turned out not to be massive bleeding (patients transfused with 
<5 RBCs, P = 0.02, Figure 2b). No increase in the waste of other blood products was 
observed. Furthermore, we implemented a policy of extending the storage time of 
thawed FFPs from 3 to 7 days for use in the MTP. This intervention led to a more than 
50% reduction in the waste of pre-thawed FFPs (from 11% to 4% of all transfused 
FFPs) in massively bleeding patients. In all patients for whom the MTP was activated 
(regardless whether they were massively bleeding or not), the waste of thawed FFPs was 
reduced by approximately 25% (from 12% to 9%).

FIGURE 2A: The waste of blood products in the pre-MTP and MTP-period
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FIGURE 2B: The waste of blood products in the MTP-period in patients for whom the MTP was activated 

and were massively bleeding (≥5 red blood cells) compared to patients who turned out not to be massively 

bleeding (<5 red blood cells). Waste was defined as the amount of blood products wasted of the total amount 

of transfused blood products.

DISCUSSION

Use of an MTP in massively bleeding patients is associated with a shift in blood product 
ratio toward 1:1:1 and an increase in the waste of FFPs. Besides this shift in blood 
product ratio, activation of MTP in massive bleeding patients is also associated with 
an increase in the amount of blood products transfused and the use of procoagulant 
agents compared to the patients who were transfused off-protocol.

Ratio of blood products
Previous studies investigating the impact of an MTP in non-trauma patients on the 
amount of the transfused blood products have found either no impact12 or a trend 
toward a decreased amount of RBC transfusion20. Furthermore, no difference was 
found in the ratio of blood products transfused in non-trauma patients12. In accordance 
with the results of these previous studies, we found no difference in the amount of 
transfused blood products. RBCs, FPPs, and PLTs were administered as frequently in 
the pre-MTP group as in the MTP group. Contrary to the previous studies, we found a 
difference in the ratio of blood products transfused. An early and standardized delivery 
of blood products, which was provided by the MTP, is associated with a shift in the ratio 
to 1:1:1. Differences in results between this study and the previous studies might be 
caused by differences in inclusion criteria. Administration of ≥10 units of RBCs within 
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24 h is a generally accepted definition for massive bleeding and is frequently used in the 
previous studies. However, in this study the administration of ≥5 RBCs within 12 h was 
defined as massive bleeding and represented the inclusion criteria. This definition was 
chosen instead of ≥10 RBCs in 24 h, in order to capture the episodes of severe bleeding 
instead of oozing over a prolonged period. Also, the administration of MTP may prevent 
severely bleeding patients from receiving ≥10 RBCs.

We did not find an effect on survival rate after implementation of an MTP. Data from the 
Pragmatic, Randomized Optimal Platelet and Plasma Ratios trial10 and the Prospective 
Observational Multicentre Major Trauma Transfusion trial5 investigated the use of 
a 1:1:1 transfusion ratio in massively bleeding trauma patients and show that early 
administration of blood products in a 1:1:1 ratio was associated with more patients 
achieving haemostasis, but 24-h and 30-day mortality rate was unaffected. Death by 
haemorrhage occurs within the first 3 h after admission to the emergency room5,10. 
This may hamper the ability to detect a difference in mortality within 24-h or 28-day in 
previous studies but also in this study. Alternatively, the effect of the transfusion ratio on 
mortality might be less evident in non-trauma patients, which in this study the majority 
of patients are. Regardless the effect of the transfusion ratio on mortality, we observed 
in this study that introduction of the MTP is an adequate way to achieve a well-balanced 
transfusion ratio of blood products. This was confirmed by the comparison between 
patients who were transfused according to the MTP protocol and massive bleeding 
patients who were transfused off-protocol. Also, a significant shift was observed in RBC: 
FFP:PLT ratio towards 1:1:1 was observed in the MTP group. However, the comparison 
of patients who were transfused according to the MTP with massively bleeding patients 
who were transfused off-protocol is limited by a possible indication bias. The off-protocol 
patients might be healthier overall, which is indicated by less acidotic patients and less 
transfused blood products in this group. Also, a number of procoagulant agents in this 
group was lower. Therefore, it is likely that off-protocol patients did not have the same 
physiological measures that would have warranted an activation of the MTP.

Waste of blood products 
In this study, we found an increase in the waste of FFPs following the introduction of an 
MTP as observed in previous studies in trauma patients12. After obtaining these results, 
we implemented a policy of extending the storage time of thawed FFPs from 3 to 7 days 
for use in the MTP. This intervention led to a more than 50% reduction in the waste 
of pre-thawed FFPs in massively bleeding patients and a 25% reduction in all patients 
for whom the MTP was activated, massive bleeding or not. Of note, an extension of 
the storage time from 3 to 7 days will not influence the quality of clotting factors22,23. 
The waste of FFPs was 4 times higher in the patients for whom the MTP was activated 
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but who turned out not to be massive bleeding. Over-activation of an MTP is common 
and varies between 54% and 84%12,20,21, as specific criteria for massive bleeding in 
non-trauma patients are lacking. Activation criteria for the MTP are currently based on 
studies in trauma patients only24-26. Therefore, studies are required to identify predictors 
for massive bleeding in non-trauma patients. In the meantime, the feedback to the 
trauma team with the instructions to return products to the blood bank when not used 
may limit the FFP wastage.

There are several limitations to this study. It is a single centre study, time to transfusion 
was not reported and the definition for massive bleeding patients, which we used in 
this study, does not control for deceased patients who were massively bleeding, but 
died before they could have been administered with ≥5 RBCs within 12 h. Furthermore, 
we have defined massive bleeding as the administration of ≥5 RBCs in 12 h instead 
of ≥10 RBCs in 24 h, which is a more generally accepted definition. This may hamper 
comparability of results.

CONCLUSION

A hospital-wide introduction of an MTP leads to a shift in blood product ratio toward 
a 1:1:1 in massively bleeding patients. Furthermore, the introduction of an MTP comes 
with an increase in a waste of FFPs, which is lowered after extending the duration of 
storage time after thawing.
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