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The use of massive transfusion protocol for trauma and
non-trauma patients in a civilian setting: what can be

done better?

Ramesh Wijaya?, wsss, mrcs, Hui Min Gloria Cheng?, mess, Chee Keong Chong?, msBs, FRCs

INTRODUCTION Massive transfusion protocol (MTP) is increasingly used in civilian trauma cases to achieve better
haemostatic resuscitation in patients requiring massive blood transfusions (MTs), with improved survival outcomes.
However, in non-trauma patients, evidence for MTP is lacking. This study aims to assess the outcomes of a newly established
MTP in a civilian setting, for both trauma and non-trauma patients, in an acute surgical care unit.

METHODS A retrospective cohort analysis was performed on 46 patients for whom MTP was activated in Changi General
Hospital, Singapore. The patients were categorised into trauma and non-trauma groups. Assessment of Blood Consumption
(ABC) score was used to identify MTP trauma patients and analyse over-activation rates.

RESULTS Only 39.1% of all cases with MTP activation eventually received MTs; 39.8% of the MTs were for non-trauma
patients. Mean fresh frozen plasma to packed red blood cells (pRBC) ratio achieved with MTP was 0.741, while mean
platelet to pRBC ratio was 0.213. The 24-hour mortality rate for all patients who received an MT upon MTP activation
was 33.3% (trauma vs. non-trauma group: 45.5% vs. 14.3%). The ABC scoring system used for trauma patients had a
sensitivity and specificity of 81.8% and 41.2%, respectively.

CONCLUSION MTP may be used for both trauma and non-trauma patients in acute care surgery. Scoring systems to
predict the need for an MT, improved compliance to predefined transfusion ratios and regular reviews of the MTP are

necessary to optimise MTPs and to improve the outcomes of patients receiving MTs.
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INTRODUCTION
Massive haemorrhage following trauma is a major cause of death
that can be prevented with timely haemostasis and adequate
damage control resuscitation.”” Massive blood transfusions
(MTs), defined as the delivery of ten or more units of packed red
blood cells in 24 hours, are routinely used to treat uncontrollable
haemorrhage.®

Massive transfusion protocols (MTPs) were first established
and developed in the trauma setting in military theatres to facilitate
and coordinate large transfusion volumes. These protocols have
since been adapted to the civilian trauma setting and involve
multilevel work processes within hospitals, thus requiring proper
infrastructure, optimal resource allocation and maximal effort.
Activation of MTPs, which takes place at the discretion of a senior
physician, can be guided by scoring systems that predict the need
for MTs. Once activated, MTPs set in motion a string of events to
facilitate blood product release, decrease delays and allow timely
delivery of blood products from the blood bank to the patient
until the protocol ceases.®® MTPs facilitate close adherence to
ideal haemostatic resuscitation — a transfusion ratio of 1:1:1 of
fresh frozen plasma (FFP), platelets (PLT) and packed red blood
cells (pRBC)®® — which helps to improve survival outcomes.
Retrospective studies have shown decreased mortality rates in
patients receiving increased transfusion ratios of blood products
after the establishment of an MTP.”#® MTPs, which are now widely
used and studied in combat and civilian trauma settings, have

been shown to increase the efficiency of transfusion and improve
survival outcomes.*'"

Most studies in the literature focus on the use of MTPs in
trauma cases."? Studies on the use of MTPs in non-trauma
settings are lacking and limited to gastrointestinal tract and major
obstetric haemorrhages.">'¥ Thus, the aim of the present study
was to assess the efficacy and outcomes of a newly established
MTP that was used in an acute surgical care unit for both trauma
and non-trauma surgical patients.

METHODS

Patients for whom MTP was activated in Changi General Hospital
(CGH), Singapore, from 1 November 2011 to 30 April 2013 were
eligible for inclusion in the present study. Patients who did not
receive any blood transfusions and those who were transferred
immediately to another centre for further management after MTP
activation were excluded. The medical records of the patients who
met the inclusion criteria were reviewed and the following data
was collected: patient demographics; clinical data at activation
and cessation of MTP; amount of blood products transfused;
transfusion ratios; and mortality rate. The Assessment of Blood
Consumption (ABC) scoring system was used as a predictor for
MTs in trauma patients."*'> The ABC score is based on four non-
weighted parameters: penetrating mechanism; positive Focused
Assessment with Sonography for Trauma; systolic blood pressure
<90 mmHg at arrival; and heart rate > 120 beats per minute (bpm)
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at arrival. The ABC score for each trauma patient was calculated
and data analysis was done using IBM SPSS Statistics version 20.0
(IBM Corp, Armonk, NY, USA).

MTP was implemented in CGH on 1 November 2011. In our
institution, the activation of MTPs for patients with uncontrollable
bleeding (trauma or non-trauma) requires evaluation by a senior
physician. Upon MTP activation, the blood bank sends blood
products in three waves: the first wave consists of four units of
pRBC, two units of FFP and two units of PLT; the second wave
consists of four units of pRBC, FFP and PLT each; and the third
wave consists of four units of pRBC, FFP and PLT each, plus an
additional ten units of cryoprecipitate (cryoppt), which can be
given to the patient at the discretion of the senior physician. In
addition to the blood products, adjuncts such as tranexamic acid
(TXA) and NovoSeven (N7) may be given to facilitate haemostasis.
Intravenous TXA is given to all trauma patients on MTP, while
intravenous N7 is given to trauma and non-trauma patients at the
discretion of the senior physician. After the first three waves of
blood transfusion have been completed, the patient is reassessed
by the team to determine whether blood transfusion needs to be
continued or terminated.

RESULTS

Over the 17-month study period (from 1 November 2011 to
30 April 2013), MTP was activated for 50 patients. Among these
50 patients, four patients were excluded from the present study:
one did not receive blood transfusion despite MTP activation
(i.e. the decision was made to withdraw treatment in view of
medical futility) and three patients were transferred to another
centre for further management after MTP activation. Thus, a
total of 46 patients who had MTP activated and received blood
products were included in the present study.

Among these 46 patients, 36 (78.3%) were male and
10 (21.7%) were female. The mean age of the patients was
55.67 + 19.36 years. Most of the patients (n = 28, 60.9%) had
MTP activated for trauma, while 18 (39.1%) had MTP activated
for non-traumatic events such as bleeding gastrointestinal
tract, ruptured abdominal aortic aneurysm, ruptured splenic
artery aneurysm and intraoperative or postoperative bleeding
(Table I).

Only 18 of the 46 patients (39.1%) received MTs (i.e. > 10 units
of pRBC every 24 hours) — 11 (61.1%) were trauma patients and
7 (38.9%) were non-trauma patients. The mean MT FFP:pRBC
ratio and mean PLT:pRBC ratio of all patients who received
MTs, including the trauma and non-trauma patients, are shown
in Table II.

The overall and 24-hour mortality rates of all the patients
who received MTs are shown in Table Ill. The results showed
that for the patients who received MTs on MTP, 75.0% of the
deaths occurred within the first 24 hours. For trauma and non-
trauma patients who received MTs on MTP, 83.3% and 50.0%
of the deaths, respectively, occurred within the first 24 hours.
Among the 28 patients who did not receive MTs, 5 (17.9%) died
within 24 hours; the mean mortality time of these five patients
was 4.40 + 3.36 hours.
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Table I. Diagnosis of the non-trauma patients (n = 18).

Diagnosis No. (%)
Bleeding gastrointestinal tract 12 (66.7)
Ruptured abdominal aortic aneurysm 3 (16.7)
Ruptured splenic artery aneurysm 1 (5.6)
Intraoperative bleeding 1 (5.6)
Postoperative bleeding 1 (5.6)

Table Il. Mean ratios of the blood products transfused in the patients
who received massive blood transfusion (MT).

Patient group Mean * SD ratio

FFP:pRBC PLT:pRBC
All patients who received 0.741 +£0.238 0.213 £0.145
MTs (n = 18)
Trauma patients (n = 11) 0.796 +0.257 0.259 +0.163
Non-trauma patients (n = 7) 0.655+0.192 0.141 +0.072

FFP: fresh frozen plasma; PLT: platelets; pRBC: packed red blood cells;
SD: standard deviation

Table Ill. Overall mortality and 24-hour mortality of the patients who
received massive blood transfusions.

Variable No. (%)
All Trauma Non-trauma
patients patients patients
(n=18) (n=11) (n=7)
Overall mortality 8 (44.4) 6 (54.5) 2 (28.6)
24-hour mortality 6 (33.3) 5 (45.5) 1(14.3)

TXA was administered to 15 of the 18 patients (83.3%) who
received MTs. As predetermined in the MTP guidelines, all
11 trauma patients who received MTs also received TXA. TXA
was given to 4 (57.1%) of the seven non-trauma patients who
received MT at the attending physician’s discretion. Among
the 18 patients who received MTs, N7 was given to 8 (44.4%)
patients and cryoppt was given to 12 (66.7%) patients, at the
attending physicians’ discretion. The 24-hour mortality rates of
the 18 patients who received MTs were as follows: (a) 40.0% for
patients who received both MTs and TXA, and 0% for those who
received MTs but not TXA; (b) 12.5% for patients who received
both MTs and N7, and 50.0% for those who received MTs but not
N7; (c) 41.7% for patients who received both MTs and cryoppt,
and 16.7% for those who received MTs but not cryoppt.

Among the 28 trauma patients in our study cohort (n = 46),
19 (67.9%) patients had an ABC score > 2. When an ABC score
> 2 was used as the criteria for MTP activation, we found that it
had a sensitivity of 81.8% and specificity of 41.2% for predicting
the need for MTs in our study cohort of trauma patients.

DISCUSSION

There are concerns about inefficient resource allocation when
MTP is activated for patients who ultimately do not require MTs.®
This is defined as over-activation, which can be quantified as the
percentage of patients who ultimately did not receive MTs even
though MTP was activated. In the present study, only 39.1% of
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all the patients who had MTP activated eventually required MTs
(i.e. the over-activation rate was 60.9%). Although there was no
significant difference between the over-activation rates of the
trauma and non-trauma groups (60.7% and 61.1%, respectively),
the over-activation rate of the non-trauma group was closer to the
rates reported in the literature (53.8% and 51% for similar groups
of non-trauma patients in studies by McDaniel et al and Morse
etal, respectively)."*'” The MTP over-activation rates reported for
trauma patients in the literature are considerably lower than that
found in the present study — McDaniel et al"” reported a 19.2%
trauma over-activation rate, while Morse et al'® reported a 29%
trauma over-activation rate.

In the present study, we attempted to use a validated algorithm
scoring system to predict MT requirement so as to reduce over-
activation. However, the use of the ABC scoring system as a
prerequisite for MTP activation had a sensitivity of 81.8% and
specificity of 41.2% when an ABC score > 2 was used as the cutoff
point to predict MT requirement. This differs from the findings of
Nunez et al’s study, which reported a sensitivity and specificity of
75% and 86%, respectively." In other words, the ABC scoring
system would not have helped reduce the over-activation rate in
our study cohort. Although the ABC scoring system is useful for
predicting patients who need MTs with MTP in other populations,
there is a need to identify scoring systems that are more suitable
for use in our patient population."®' Currently, there are no
validated scoring systems for predicting MT requirement in non-
trauma patients. In a civilian setting where non-trauma patients
form a considerable portion of patients requiring MTs with MTP
(as was the case in the present study), it may be timely to consider
creating scoring systems targeted at this group of patients.

In trauma cases, the first 24 hours represent the most lethal
period.?” In the present study, 83.3% of the deaths of trauma
patients who received MTs on MTP occurred within the first
24 hours. We also observed that the 24-hour mortality rate of the
trauma patients was higher than that of the non-trauma patients
(i.e. 45.5% and 14.3%, respectively). This finding is supported
by the study by Morse et al, in which the 24-hour mortality rates
of the trauma and non-trauma patients were 59% and 35%,
respectively."® The poorer initial survival outcome of trauma
patients receiving MTs on MTP may be due to acute coagulopathy
caused by trauma.

A study by Sperry et al, which examined the factors associated
with improved early trauma survival outcomes, found that a
high FFP:pRBC ratio (i.e. > 1:1.5) lowered the 24-hour mortality
rate from 12.8% to 3.9%.?" The MTP used in the present study,
which had a FFP:PLT:pRBC target ratio of 1:1:1, achieved a mean
FFP:pRBC ratio of 0.741 and a mean PLT:pRBC ratio of 0.213.
Deviation from the 1:1:1 target ratio was also observed in Shaz
etal’s study involving 132 civilian trauma patients; in that study,
the MTP achieved a mean FFP:pRBC ratio of 0.5 and a mean
PLT:pRBC ratio of 0.6.?%?% Evidently, while an ideal transfusion
ratio of 1:1:1 may be proposed in MTPs, it has been suggested that
this target is not always achievable immediately. Notably, studies
have shown that failure to achieve these ratios is associated with
higher mortality.?>?% Cotton et al found that patients whose MT

activations complied with the predefined FFP:PLT:pRBC ratio
achieved lower 24-hour mortality rates than those whose MT
activations did not comply with the predefined ratio.*¥ Hence,
constant review, optimised resource activation and allocation,
and strict compliance to the MTP are necessary to ensure that the
transfusion ratios of blood products are closer to the ideal ratio.

Recently, the use of alternative non-surgical haemostatic
adjuncts in MTP (such as TXA, N7, prothrombin and fibrinogen
concentrates) to deal with the complications of trauma- and
MT-induced coagulopathy has been investigated and discussed
substantially. However, the role of these adjuncts in MTP (apart
from TXA, which is recommended for use in the early resuscitative
process), is still largely unclear.?529 Although some randomised
controlled trials investigating the use of N7 have shown improved
outcomes in trauma patients who received MTs and a positive
effect in non-traumatic causes of haemorrhage, more recent
studies have failed to show any significant benefits.?’=% As
such, evidence on the role of N7 in MTP is still conflicting and
debatable. In the present study, patients who received MTs and
N7 had a lower 24-hour mortality rate than the patients who
received MTs but not N7 (16.7% vs. 58.3%). Although our
data suggests that N7 improves mortality outcomes in MTs, the
presence of selection and survival bias with regard to the use of
haemostatic adjuncts (i.e. heavy reliance on physician-directed
use of the agents, rather than the use of objective indicators for
usage of these agents) cannot be ignored.

Similarly, based on our results, we were unable to
conclusively establish an association between the use of
cryoppt and survival. The results from studies that examined the
use of cryoppt for massive haemorrhage have been generally
inconclusive. The recent multicentre PROMMT (PRospective,
Observational, Multicenter, Major trauma Transfusion) study
did not identify any association between the use of cryoppt and
in-hospital mortality.®” However, the authors of that study have
acknowledged that there are significant variations in the use
of cryoppt among centres and have encouraged randomised
controlled studies to be conducted to achieve a more accurate
conclusion.®” With such scant and conflicting evidence on the
use of haemostatic adjuncts, even in settings not involving MTPs,
the role of such agents (especially N7) in MTP is thus limited. As
our results are descriptive in nature, there is a need for further
investigation on the use of such agents in MTP, ideally in a trial
setting.

The overall mortality rate of our study cohort (in both the
trauma and non-trauma groups) who received MTs was 44.4%.
Sinha et al’s study of MTP use in a similar civilian setting reported
a 29% overall mortality rate among their study cohort of trauma
and non-trauma patients.®? The difference in overall mortality
rates between Sinha et al’s study and our study could be due to
the precocious analysis of our centre’s MTP at 17 months. As
MTP usage matures with time, compliance is likely to improve,
resulting in improved mortality outcomes.®?

The present study was limited by its retrospective study
design and small sample size. There was also survival bias,
as 17.9% of the patients who did not receive MT died within
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24 hours (mean mortality time of 4.40 hours). If these patients
had survived beyond 24 hours, they might have met the criteria
for receiving an MT. Nonetheless, the present study highlighted
key aspects and considerations in the implementation of MTP in
the management of MTs in both trauma and non-trauma acute
surgical care patients, in spite of the unpredictability that exists
in haemorrhagic emergencies, especially following trauma.

Although MTPs are widely used and studied in combat and
civilian trauma settings to improve the survival rates of patients
with massive haemorrhage, they are less frequently used in
non-trauma patients.®¥ In the present study, we found that non-
trauma patients formed a considerable proportion of all patients
(38.9%) who ultimately received MTs after MTP activation.
Thus, the use of MTP could be extended to non-trauma patients
in an acute surgical unit, to improve survival outcomes for this
group of patients. Attention should be given to over-activation
rates, compliance to transfusion ratios and mortality, as well
as the differences between trauma and non-trauma patients to
ensure optimal use of MTP. Well-designed prospective studies
to evaluate MTP performance are warranted, especially in the
non-trauma setting.

To conclude, the establishment of MTPs to achieve better
survival outcomes in patients requiring MTs may be beneficial for
both trauma and non-trauma patients. The results of the present
study suggest that the efficiency of MTP delivery can be improved
by optimising the activation rate, evaluating the compliance to
ideal transfusion ratios, and by identifying differences between
trauma and non-trauma populations receiving MTs. Meticulous
evaluation is required to further refine MTPs so that optimal
outcomes for patients can be achieved.
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