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Abstract: Background: The paediatric massive transfusion protocol (MTP) is activated in the pae-
diatric population for both trauma and non-trauma related indications. While it helps to improve
the efficiency and efficacy of the delivery of blood products, it can also result in increased wastage.
We aimed to evaluate the wastage rates from our paediatric MTP activations from 2013 to 2018.
Method: As part of an audit, we retrospectively reviewed the records of the paediatric patients who
had MTP activations. We collected the following data: reason for MTP activation, weight of patient,
number of cycles of MTP required, blood products used, blood products wasted, deviation from
our institution’s recommended MTP blood product ratio, and reason for wastage. Result: We had
26 paediatric MTP activations within the audit period. There was an overall wastage rate of 1.5%,
with wastage occurring in 3 out of 26 patients. The reason for all wastage was demise of the patient.
Most patients’ transfusion ratios deviated from our institution’s MTP protocol. Conclusion: Our
wastage rates are low likely because of clear MTP activation guidelines and a flexible MTP workflow.

Keywords: massive transfusion; wastage

1. Introduction

The massive transfusion protocol (MTP) aims to deliver a pre-defined ratio of blood
products, consisting of red cell concentrate (RCC), fresh frozen plasma (FFP), and platelets
to a patient. This is to achieve haemostasis in a massively haemorrhaging patient with
minimal use of crystalloids and without causing haemodilution. The use of an MTP has
been shown to reduce mortality and improve outcomes in the adult population, which may
be due to optimising the transfusion ratio of fresh frozen plasma and platelets to red blood
cells [1]. In the paediatric population, there is no consensus on the criteria for initiating
an MTP or the ideal ratio of blood products to be transfused. However, a commonly used
criterion for the initiation of a paediatric MTP is transfusion of more than 40 mL/kg of
blood products in the first 24 h [2–4].

The KK Women’s and Children’s Hospital (KKH) is a tertiary hospital with 445 paedi-
atric beds, with an average of 400 paediatric emergency visits per day. The paediatric MTP
was established in KKH in July 2013.

With the implementation of an MTP in our institution, we were interested in our blood
product wastage. There is evidence of increased wastage of blood products, especially fresh
frozen plasma (FFP), after the introduction of an MTP [5,6]. Wastage is anticipated in any
MTP, as the desired benefit of an MTP is to be able to deliver a set ratio of blood products
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to the activation site as quickly as possible. Overactivation and, later, failure to terminate
the MTP results in blood products being prepared unnecessarily and hence wasted. With
the use of blood packs, wastage arises when not all the components are used. There have
not been many studies describing blood product wastage in an MTP, and there is even
less information on wastage in the paediatric population. However, this is an important
topic as blood products are a precious resource, and paediatric transfusion has an increased
potential for wastage due to the wide age and weight ranges. This paper therefore aims
to look at the wastage of blood products in paediatric MTP activations in KKH from 2013
to 2018.

2. Materials and Methods

The data presented in this paper were obtained as part of a retrospective audit of MTP
activations from 2013 to 2018, and thus approval from the Institutional Review Board (IRB)
was not required, as per the institutional guidelines for both data collection and publication.

The criteria for paediatric MTP activation in our institution are as follows: a patient
with ongoing haemorrhagic shock who has received 40 mL/kg of non-blood product fluid
boluses or 20 mL/kg of blood products. MTP is activated by the onsite physician, who has
to call the blood bank’s dedicated phone line to inform the blood bank of the activation.

There are four subsets in our paediatric MTP based on the weight of the patient,
namely: Alpha (patients less than 10 kg), Bravo (patients 10 kg to less than 25 kg), Charlie
(patients 25 kg to less than 40 kg), and Delta (patient 40 kg and above). Physicians will
need to inform the blood bank which weight subset the patient belongs to when they call
to activate MTP.

If not already done, a pre-transfusion blood sample from the patient will be sent for
a group and cross match, and baseline laboratory investigations consisting of full blood
count, ionised calcium, coagulation profile, and arterial blood gas.

In our institution, we used blood packs, which are a pre-designed set of blood products
in a specific ratio that will be prepared and sent to the clinical site during an MTP activation.
In Singapore, blood packs are used to facilitate communication with the blood bank and
for the blood bank to anticipate and quickly prepare the required blood products [7]. The
individual components of blood packs differ according to the institution.

Blood packs will be prepared according to the patient’s weight group. The composition
of the various blood packs is shown in Figure 1.

If there is an available group and cross match prior to the MTP activation, blood-group-
specific blood products will be issued. Otherwise, emergency blood will be issued. We
issue group O Rh(D) positive RCC for Chinese and Malay patients and O Rh(D) negative
RCC for Indian patients and patients of other races. All patients receive group AB Rh(D)
positive FFP and AB Rh(D) positive apheresed platelets.

After the blood pack in cycle 1 has been prepared and delivered to the MTP activation
site, the blood bank will contact the site to confirm whether cycle 2 is needed and whether
to go ahead with the preparation of blood products in cycle 2. The same happens for cycle 3.

The number of units of blood products provided for each patient group and each cycle
of the MTP is shown in Figure 1 below.

At the end of every cycle, the full blood count, coagulation profile, blood gas, and
calcium level are again repeated. If the bleeding has been controlled, the MTP is deactivated
by the attending physicians.

Wastage is defined as any blood product that a physician has requested, but is not
transfused to the patient, and cannot be reassigned to another patient. If blood products
are unused but are returned to the blood bank within 30 min of initial dispatch and are
within an optimum temperature (RCC and FFP under 10 degrees and platelets between 20
to 24 degrees), they can be reassigned to another patient and are not considered wasted.
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Figure 1. Composition of blood products for each paediatric MTP cycle.

3. Results

From 2013 to 2018, the massive transfusion protocol for children was activated for
26 patients. The most common site of MTP activation was from the Children’s Intensive
Care Unit (CICU), with 10 activations in this time period (38.5%). There were nine activa-
tions (34.6%) from the Children’s Emergency (CE) and seven (26.9%) from the operating
theatres (OT). Fifteen activations (57.7%) were for surgery-related bleeding, seven (26.9%)
for trauma-related causes, and four (15.4%) were for bleeding related to other medical con-
ditions. The medical conditions associated with bleeding in our audit were disseminated
intravascular coagulation (DIC) and, in one patient, bleeding post-thrombolytic therapy.
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As per Table 1 below, there were seven patients who had only one cycle activated prior
to the cessation of MTP, nine with two cycles, and ten with three cycles. Wastage of blood
products occurred in three patients (11.5% of patients) (Table 2).

Table 1. Wastage according to the number of cycles activated.

Total Cycles Activate Number of Patients (%) Number of Patients Who Had Wastage

1 7 (26.9%) 0
2 9 (34.6%) 2
3 10 (38.5%) 1

Table 2. Blood products (in terms of units) wasted by patient category.

Product Type Alpha
(<10 kg)

Bravo
(10 to < 25 kg)

Charlie
(25 to < 40 kg)

Delta
(≥40 kg)

Wastage (% of
Total Dispatched)

RCC 1 1 0 0 1.20%
Platelet 0 0 0 0 0
Fresh frozen Plasma 0 1 0 2 3.90%
Cryoprecipitate 0 0 0 0 0
Total 1 2 0 2 1.50%

In the 6 years since the introduction of the MTP, a total of 323 units of blood products
were dispatched from the blood bank during this period. These included 168 units of RCC,
43 units of platelets, 77 units of FFP, and 35 units of cryoprecipitate.

In total, two units of RCC and three units of FFP were wasted, which put the overall
wastage at 1.5%. Wastage occurred in 3 out of 26 patients for whom the MTP was activated.

The reason for wastage was recorded, and for all three patients it was due to the
demise of the patient. When unused blood products were returned to the blood bank they
were either out of the temperature range or were returned more than 30 min after issue.
Therefore, all unused blood products were wasted.

In addition to the wastage of blood products, we also looked at whether patients
actually received blood products in the predefined ratios, as per our MTP.

As seen in Table 3, most of our patients did not receive the blood products according
to the predefined ratios of our institution’s MTP. The deviation from the protocol was at the
managing physician’s discretion. Only two out of seven patients in the Alpha subgroup
(28.5%), one out of seven patients in the Charlie subgroup (14.2%), and one out four patients
(25%) in the Delta subgroup received blood products according to the predefined ratios.

Table 3. Number of patients in each weight subgroup and number who received blood products in
the predefined ratios.

Number of
Patients

No. of Waves Activated Number Who Received Products
According to MTP Ratios

Percentage
1 2 3

Alpha
(<10 kg) 7 3 4 0 2 28.50%

Bravo
(10 ≤ 25 kg) 8 1 3 4 0 0%

Charlie
(25 ≤ 40 kg) 7 2 1 4 1 14.20%

Delta
(≥40 kg) 4 1 1 2 1 25%

As seen in Table 4, in cycle 1 of our MTP protocol, three out of seven patients received
blood products in the recommended ratio, but only one out of nine patients (11.1%) in cycle
2 and none in cycle 3.
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Table 4. Number of patients who received blood products in the predefined MTP ratios according to
the cycle number.

Number of Patients No. Who Received Products According
to MTP Ratios Percentage

Cycle 1 7 3 42.90%
Cycle 2 9 1 11.10%
Cycle 3 10 0 0%

When blood products were not used in the predefined ratio, we found that FFP was
frequently omitted in favour of additional PCT.

In terms of mortality rates in our audit, 5 out of 26 patients (23.8%) died at 24 h post
MTP activation, and, in total, 13 out of 26 patients (50%) died prior to discharge.

4. Discussion

The evidence for paediatric MTPs is limited compared with the adult population and
the ideal blood product ratio in a paediatric MTP is not well established [4,8,9]. However,
the availability of an MTP can be beneficial as it provides a workflow that enhances
consistent communication and coordination between the clinical staff and the blood bank.
It can also guide the laboratory and clinical monitoring of a massively bleeding patient,
which can help to improve patient care. For the above reasons, we still see a role for an
MTP in any paediatric institution, despite the limited evidence. However, wastage may
potentially follow the implementation of an MTP, and many centres have reported an
increase in blood wastage rates following its implementation [10,11].

The urgency of the medical condition of patients who require MTP demands rapid
preparation and delivery of blood products. This process requires careful coordination
and communication, the failure of which can result in blood products being wasted. Some
degree of wastage is tolerated and is balanced with the need for the rapid preparation of
blood products. A zero-waste MTP is unlikely to be efficient enough in a massively haemor-
rhaging patient. However, this must be balanced against excessive blood product wastage,
especially as blood products are limited resources. According to adult studies, up to 61% of
blood products issued to a massively bleeding patient may not be transfused [7]. Common
causes of wastage cited in the literature include over-activation and late deactivation of the
MTP [12]. Furthermore, upon returning the product to the blood bank, the products are
often outside of acceptable temperature ranges, making it unsafe for it to be diverted to
other patients [6]. Wastage rates in adult studies are reported to range from 2–7% [11,13].
Our institution’s wastage rate is at 1.5%, which is a comparatively low figure.

There was no wastage in cycle 1 of our MTP, and wastage only occurred in cycles 2
and 3. In cycles 2 and 3, the reason for wastage was due to the death of the patients, thus
the blood products were not transfused. For the unused blood products, by the time they
were returned to the blood bank, they were either outside of the optimal temperature range
or they were returned after 30 min and thus had to be disposed of.

Our relatively low wastage rates may be attributable to a few reasons. Firstly, we
noticed that there was no wastage in cycle 1 of the MTP. This suggests that the overactivation
of the MTP is not a major concern in our institution, and this may be because there are clear
guidelines for activation of the MTP. Wastage is reduced when there are clear guidelines
and indications for activation of the MTP. However, we acknowledge that this guideline
should not be overly prescriptive, to ensure that we do not exclude patients who will
benefit from the MTP.

A second reason for the low wastage rates is the close communication between the
blood bank and the MTP activation site. The blood bank calls the MTP site prior to the
preparation of the next cycle of blood products to confirm its necessity. In addition, close
communication between the two parties allows for flexibility during the resuscitation
process.



Children 2022, 9, 1799 6 of 7

Physicians are able to request blood products that they require and also inform the
blood bank to cease the preparation of blood products that are not required as the clinical
situation changes. This communication allows for the targeted preparation and delivery
of blood products, thus reducing wastage. Communication that is initiated by the blood
bank is especially crucial for reducing wastage as resuscitation sites are frequently busy
and administrative processes such as terminating the MTP may be overlooked.

Finally, our weight-based activation of the MTP also plays a role in reducing the rate
of wastage. As the MTP packs are prepared and delivered to the site of activation based on
the patient’s weight, fewer or smaller units are prepared for smaller paediatric patients.
Hence, when there are products not transfused due to circumstances such as the demise of
the patient, there are fewer units lost for a patient in a lower weight category.

Even with a low wastage rate, our mortality rates are similar to the existing literature,
which is quoted to range from 33.3–59% at 24 h and 17–59% at 30 days [14–16].

We acknowledge that our adherence to the blood product ratio of our paediatric MTP
is low. This is especially prominent in cycles 2 and 3 of our MTP. We postulate that this
may be because of changes in the clinical status of patients as they progressed through the
later cycles of the MTP, whereby their blood product needs may have deviated from what
is predefined in the standard protocol.

There are limitations to our audit, with it principally being a retrospective, single
centre experience with small numbers of MTP activations. Some of our measures to limit
wastage may be difficult to implement in a higher volume centre with larger numbers of
MTP activations. However, our audit highlights some considerations for helping to reduce
the wastage rates of our valuable blood products.

5. Conclusions

Based on our experience, we advocate for a weight-based MTP activation protocol
with blood packs for reducing waste and for efficiency. There are other interventions
that can be taken to reduce the wastage rate, including ensuring clear communication for
appropriate activation, request for products, and timely deactivation. Appropriate storage
of blood products is also a very important factor. It is not realistic to achieve zero wastage,
but it is certainly feasible to limit unnecessary wastage.

This is the summary of our institution’s experience with paediatric MTP activations
over 6 years. The number of MTP activations we have is small, but carries promising
results. We believe that our methods merit further consideration and study.

Author Contributions: Conceptualization, J.C.M.L. and Y.-K.G.O.; methodology, J.C.M.L., M.L.H.,
Y.H.M., L.-W.C., K.C.N. and Y.-K.G.O.; formal analysis, D.C. and X.Y.J.F.; writing—original draft
preparation, D.C.; writing— D.C., J.C.M.L. and Y.-K.G.O.; supervision, J.C.M.L. and Y.-K.G.O. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Riskin, D.J.; Tsai, T.C.; Riskin, L.; Hernandez-Boussard, T.; Purtill, M.; Maggio, P.M.; Spain, D.A.; Brundage, S.I. Massive

transfusion protocols: The role of aggressive resuscitation versus product ratio in mortality reduction. J. Am. Coll. Surg. 2009, 209,
198–205. [CrossRef]

2. Evangelista, M.E.; Gaffley, M.; Neff, L.P. Massive Transfusion Protocols for Pediatric Patients: Current Perspectives. J. Blood Med.
2020, 11, 163–172. [CrossRef] [PubMed]

3. Diab, Y.A.; Wong, E.C.; Luban, N.L. Massive transfusion in children and neonates. Br. J. Haematol. 2013, 161, 15–26. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.jamcollsurg.2009.04.016
http://doi.org/10.2147/JBM.S205132
http://www.ncbi.nlm.nih.gov/pubmed/32547282
http://doi.org/10.1111/bjh.12247
http://www.ncbi.nlm.nih.gov/pubmed/23432321


Children 2022, 9, 1799 7 of 7

4. Kinslow, K.; McKenney, M.; Boneva, D.; Elkbuli, A. Massive transfusion protocols in paediatric trauma population: A systematic
review. Transfus. Med. 2020, 30, 333–342. [CrossRef] [PubMed]

5. Balvers, K.; Coppens, M.; van Dieren, S.; van Rooyen-Schreurs, I.H.M.; Klinkspoor, H.J.; Zeerleder, S.S.; Baumann, H.M.; Goslings,
J.C.; Juffermans, N.P. Effects of a hospital-wide introduction of a massive transfusion protocol on blood product ratio and blood
product waste. J. Emerg. Trauma Shock 2015, 8, 199–204. [CrossRef] [PubMed]

6. Dunbar, N.M.; Olson, N.J.; Szczepiorkowski, Z.M.; Martin, E.D.; Tysarcyk, R.M.; Triulzi, D.J.; Alarcon, L.H.; Yazer, M.H. Blood
component transfusion and wastage rates in the setting of massive transfusion in three regional trauma centers. Transfusion 2017,
57, 45–52. [CrossRef] [PubMed]

7. Chay, J.; Koh, M.; Tan, H.H.; Ng, J.; Ng, H.J.; Chia, N.; Kuperran, P.; Tan, J.; Lew, E.; Tan, L.K.; et al. A national common massive
transfusion protocol (MTP) is a feasible and advantageous option for centralized blood services and hospitals. Vox Sang. 2016,
110, 36–50. [CrossRef] [PubMed]

8. Shaz, B.H.; Dente, C.J.; Harris, R.S.; MacLeod, J.B.; Hillyer, C.D. Transfusion management of trauma patients. Anesth. Analg. 2009,
108, 1760–1768. [CrossRef] [PubMed]

9. Noland, D.K.; Apelt, N.; Greenwell, C.; Tweed, J.; Notrica, D.M.; Garcia, N.M.; Maxson, R.T.; Eubanks, J.W., III; Alder, A.C.
Massive transfusion in pediatric trauma: An ATOMAC perspective. J. Pediatr. Surg. 2019, 54, 345–349. [CrossRef] [PubMed]

10. McDaniel, L.M.; Neal, M.D.; Sperry, J.L.; Alarcon, L.H.; Forsythe, R.M.; Triulzi, D.; Peitzman, A.B.; Raval, J.S. Use of a massive
transfusion protocol in nontrauma patients: Activate away. J. Am. Coll. Surg. 2013, 216, 1103–1109. [CrossRef] [PubMed]

11. Yazer, M.H.; Dunbar, N.M.; Cohn, C.; Dillon, J.; Eldib, H.; Jackson, B.; Kaufman, R.; Murphy, M.F.; O’Brien, K.; Raval, J.S.; et al.
Blood product transfusion and wastage rates in obstetric hemorrhage. Transfusion 2018, 58, 1408–1413. [CrossRef] [PubMed]

12. Paganini, M.; Abowali, H.; Bosco, G.; Balouch, M.; Enten, G.; Deng, J.; Shander, A.; Ciesla, D.; Wilson, J.; Comporesi, E. Quality
Improvement Project of a Massive Transfusion Protocol (MTP) to Reduce Wastage of Blood Components. Int. J. Environ. Res.
Public Health 2021, 18, 274. [CrossRef] [PubMed]

13. Baysinger, K.; Barnett, M.E.; Ott, M.; Bromberg, W.; McBride, K.; Thompson, L.; Goodman, G.; Shaw, E.; Dunne, J. What’s in the
Box? The Effectiveness of a Low-Volume Massive Transfusion Protocol. Am. Surg. 2016, 82, 602–607. [CrossRef] [PubMed]

14. Wijaya, R.; Cheng, H.M.; Chong, C.K. The use of massive transfusion protocol for trauma and non-trauma patients in a civilian
setting: What can be done better? Singap. Med. J. 2016, 57, 238–241. [CrossRef] [PubMed]

15. Morse, B.C.; Dente, C.J.; Hodgman, E.I.; Shaz, B.H.; Winkler, A.; Nicholas, J.M.; Wyrzykowski, A.D.; Rozycki, G.S.; Felicisno, D.V.
Outcomes after massive transfusion in nontrauma patients in the era of damage control resuscitation. Am Surg. 2012, 78, 679–684.
[CrossRef] [PubMed]

16. Sommer, N.; Schnüriger, B.; Candinas, D.; Haltmeier, T. Massive transfusion protocols in nontrauma patients: A systematic review
and meta-analysis. J. Trauma Acute Care Surg. 2019, 86, 493–504. [CrossRef] [PubMed]

http://doi.org/10.1111/tme.12701
http://www.ncbi.nlm.nih.gov/pubmed/32447781
http://doi.org/10.4103/0974-2700.166597
http://www.ncbi.nlm.nih.gov/pubmed/26604525
http://doi.org/10.1111/trf.13880
http://www.ncbi.nlm.nih.gov/pubmed/27774614
http://doi.org/10.1111/vox.12311
http://www.ncbi.nlm.nih.gov/pubmed/26178308
http://doi.org/10.1213/ane.0b013e3181a0b6c6
http://www.ncbi.nlm.nih.gov/pubmed/19448199
http://doi.org/10.1016/j.jpedsurg.2018.10.040
http://www.ncbi.nlm.nih.gov/pubmed/30389149
http://doi.org/10.1016/j.jamcollsurg.2013.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23571144
http://doi.org/10.1111/trf.14571
http://www.ncbi.nlm.nih.gov/pubmed/29516503
http://doi.org/10.3390/ijerph18010274
http://www.ncbi.nlm.nih.gov/pubmed/33401395
http://doi.org/10.1177/000313481608200725
http://www.ncbi.nlm.nih.gov/pubmed/27457858
http://doi.org/10.11622/smedj.2016088
http://www.ncbi.nlm.nih.gov/pubmed/27211577
http://doi.org/10.1177/000313481207800622
http://www.ncbi.nlm.nih.gov/pubmed/22643264
http://doi.org/10.1097/TA.0000000000002101
http://www.ncbi.nlm.nih.gov/pubmed/30376535

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

