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Determinants of mortality after 
massive transfusion ‑ A prospective 
study
Divya Venugopal, Susheela Jacob Innah, Aboobacker Mohamed Rafi, 
Ramesh Bhaskaran

Abstract:
INTRODUCTION: Massive hemorrhage calls for massive transfusions (MTs) to maintain adequate 
hemostasis. Massive transfusion protocols (MTPs) are the appropriate treatment strategy for such 
patients replacing conventional use of crystalloids. These help in standardizing and optimizing the 
delivery of blood components in a well‑balanced ratio.
AIM AND OBJECTIVES: The aim of the study is to propose an ideal ratio of blood components 
for MTP after assessing relationship between ratios of blood components transfused and mortality.
METHODOLOGY: MT was defined as receiving >4 packed red blood cell (PRBC) units within 1 h with 
the anticipation of continued need for blood products. All MT patients above 13 years of age regardless 
of cause of bleed were included in the study from December 2015 to October 2017 accounting for 
a total of 61 patients. Subgroup categorization of study population was done, and physician‑driven 
ratios of the blood components were calculated for each case. The ratios were grouped as high (>1), 
equal (=1), and low (<1) ratios of fresh frozen plasma (FFP):PRBC and platelet: PRBC, and the 
relationship of these ratios to the clinical outcome in terms of mortality was examined.
RESULTS AND DISCUSSION: Sixty‑one patients underwent MT of which the overall hospital mortality 
rate was 8.1% with 100% mortality among patients with penetrating trauma followed by 25% with 
gastrointestinal bleed. Emergency admission was an independent risk factor for mortality. Hypotension 
before the initiation of MT was detrimental for survival. Efficient communication existed between the 
treating physicians and transfusion. Majority of survivors received equal ratios of FFP: PRBC and 
platelet: PRBC, and all nonsurvivors received low ratios of FFP: PRBC. Analysis was statistically 
indicating better survival with 1:1:1 ratio of PRBC: FFP: platelet.
CONCLUSION: The need of the hour is to establish an institutional MTP and ensure compliance with 
the same. A prospective randomized controlled trial needs to be done to overcome the limitations 
and confounders of the present study and establish a universal protocol.
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Introduction

Massive hemorrhage is a common 
complication in a large number of 

clinical settings, and management of such 
patients is challenging.[1] It requires an 
effective interaction between clinicians 

and transfusion medicine services and 
has recently advanced from supportive 
treatment with crystalloid and red blood 
cell therapy to use of standardized massive 
transfusion protocols (MTPs).[2]

Massive blood transfusion refers to the 
replacement of large volume of blood with 
blood products over a short period of time 
to a patient with uncontrolled hemorrhage. 
Several definitions are in existence based 
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on the volume of blood products and the time frame of 
transfusion.[3‑5] The most common among them are:[3,6,7]

•	 Transfusion of more than 10 packed red blood 
cell (PRBC) units within 24 h

•	 Transfusion of more than 4 PRBC units within 
1  h with anticipation of continued need for blood 
products

•	 Replacement of more than 50% of total blood volume 
within 3 h.

The present study defines massive transfusion (MT) as 
transfusion of more than 4 PRBC units within 1 h with 
anticipation of continued need for blood products.

A large proportion of clinical settings such as trauma, 
obstetrics, and major surgery calls for MT. In traumatic 
injuries, exsanguinations are the most common cause 
of morbidity and also account for 50% of deaths within 
24 h of injury and 80% of intraoperative mortalities.[8‑10] 
Como et al. noticed that 99% of the patients admitted to 
trauma center receiving  <10 units of PRBC survived, 
whereas only 60% of the patients receiving more than 
10 units of PRBC survived, thus focusing on the fact 
that transfusion ratios are associated with mortality.[11] 
Obstetrical hemorrhage is the leading cause of maternal 
mortality, and MT plays an integral role in the acute 
management.[1] Other scenarios that can require the need 
for massive blood transfusion are gastrointestinal (GI) 
bleeding, orthopedic, cardiovasculothoracic, and liver 
surgeries.[12]

Patients undergoing massive hemorrhage experience 
dynamic changes in hemostasis due to many factors 
such as crystalloid use, transfusion of blood components, 
and certain etiology‑specific causes.[13] In trauma, 
early trauma‑induced coagulopathy  (TIC), caused by 
a combination of tissue injury and shock, can lead to 
systemic anticoagulation and hyperfibrinolysis and is 
presumed to be present in 56% of severely injured patients 
within 30 min of injury even before any crystalloid or 
component usage.[14‑16] Obstetric hemorrhage, on the 
other hand, leads to an acquired fibrinogen deficiency[17] 
compounded by hyperfibrinolysis, with uterine atony 
and accretism being the contributing factors.

Early recognition and rapid treatment of initial 
coagulation disturbances improves survival in massively 
bleeding patients. Damage control resuscitation through 
MTP with predetermined and standardized ratios of blood 
components is the current thought to actively address the 
issues of rapid blood loss and thus improve the clinical 
outcome of such patients.[21‑23] Therefore, developing 
an institutional MTP requires communication between 
different clinical services, transfusion practitioners, 
nursing care, and laboratories. Thus, evaluation of 
an MTP requires consideration of both protocol and 

compliance before concluding its effectiveness on patient 
outcomes.

Despite a number of retrospective cohort studies, 
the overall clinical value of the approach of a ratio 
of 1:1:1 PRBC:  plasma: platelet is still unclear. Many 
literatures support higher plasma and platelet ratios 
when compared to PRBC to be associated with better 
patient outcomes in terms of survival.[24,25] However, the 
benefit regarding higher ratios of plasma and platelet 
cannot be fully justified since increased incidences of 
acute respiratory distress syndrome (ARDS), abdominal 
compartment syndrome, and multiorgan failure (MOF) 
have been reported, though no statistical significance 
has been obtained.[26]

Although the institution of the present study advocates 
the use of 1:1:1 ratio of PRBC: FFP: platelet, there is lack 
of adherence to such a protocol. The clinicians in view of 
the clinical scenario initiate blood components in varied 
ratios which is grouped in the present study as high (>1), 
equal (=1), and low (<1) ratios of both FFP: PRBC and 
platelet:  PRBC. All the ratios are individually and 
extensively compared to the clinical outcome in terms 
of mortality.

Aim and objectives
1.	 To evaluate the relationship between the ratios of 

blood components transfused and mortality
2.	 To assess the other factors affecting mortality in 

patients following MT.

Methodology

This study was a prospective, observational study 
involving the participation of various specialties 
including the department of emergency medicine, 
obstetrics and gynecology, surgery, orthopedics, critical 
care, and laboratory services. The study was conducted 
after obtaining clearance from the institutional ethics 
committee. Written informed consent was taken from 
each patient included in the study after detailing them 
about their role in the study.

MT was defined as receiving more than 4 PRBC units 
within 1 h with the anticipation of continued need for 
blood products. Using this definition, all the massively 
transfused patients above 13 years of age regardless of the 
cause of bleed were included in the study. The study was 
carried out for 1 year and 10 months from December 2015 
to October 2017. Patients who received blood transfusion 
from other centers before reaching our hospital and 
death within 30 min of admission were included under 
the exclusion criteria of the study. A total of 61 patients 
who satisfied the inclusion and exclusion criteria were 
included in the study. Although our institution advocates 
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the use of 1:1:1 ratio of PRBC: FFP: platelet, there is lack 
of strict adherence to such a protocol.

The clinicians in view of the clinical scenario initiate 
blood components in varied ratios which is grouped in 
the present study as high (>1), equal (=1), and low (<1) 
ratios of both FFP: PRBC and platelet: PRBC. There are 
no definite criteria or score per se that is used for initiating 
the MTP. Only in trauma patients, the department of 
emergency medicine follows a criterion that takes into 
account pulse rate  (PR), blood pressure  (BP), type of 
trauma, and Focused Assessment with Sonography 
for Trauma (FAST) findings, but this is not generalized 
to the other causes of massive hemorrhage such as 
obstetrics and GI bleeds. In effect, there was lack of a 
standardized institutional MTP and hence the need 
of the present study. Point‑of‑care testing  (POCT) 
devices such as thromboelastography or rotational 
thromboelastometry which are considered the gold 
standard for predicting the need of MT were unavailable 
at our center. To standardize and optimize the MTP 
at our center, the clinical outcome of all the massively 
transfused patients was assessed in terms of mortality. 
Since the study population involved patients of different 
etiologies including obstetric causes, trauma, GI bleed, 
major surgery, and orthopedic surgery, subgroup 
analysis of mortality with respect to the different 
etiologies was carried out for obtaining significant results. 
The overall 7‑day mortality was studied among the 
different subgroups. In addition to these, demographic 
characteristics of all the massively transfused patients 
were also studied; which are as follows:
1.	 Age
2.	 Gender
3.	 Criteria of admission including emergency and 

elective criteria of admission
4.	 Preliminary clinical signs before transfusion
5.	 Diagnosis.

All these demographic characteristics with respect to 
each subgroup, i.e., the different etiologies of admission, 
were analyzed, and its relationship with the clinical 
outcome in terms of mortality was also assessed.

Algorithm in a massively bleeding patient
1.	 The decision regarding activation of MTP is carried 

out by the treating physician
2.	 The criteria to activate MTP in the department of 

emergency medicine at our institution is:
a.	 PR >120/min
b.	 Systolic BP  (SBP) <90  mm of Hg or mean arterial 

pressure <60
c.	 Penetrating trauma to abdomen
d.	 FAST positive
e.	 If more than two criteria are present, the physician 

takes the call for activation of MTP in a trauma setting.

Note: This is not a generalized criterion, and the 
activation of MTP in other cases of massive bleed 
is strictly based on the clinicians’ instinct after 
considering the deranged vitals, amount of blood loss 
at the moment, and anticipation of further blood loss.

3.	 The transfusion medicine and laboratory services 
are notified immediately over the phone or by a 
documented urgent request

4.	 Intravenous access using a large bore needle 
(14/16‑gauge) is maintained and blood specimens are 
sent to the blood bank for ABO grouping, Rh typing, 
and cross‑matching. Another set of blood samples is 
sent to the laboratory for the assessment of complete 
blood count, prothrombin time (PT), activated partial 
thromboplastin time  (APTT), fibrinogen, arterial 
blood gas analysis, and electrolytes  (Na+, K+, and 
Ca2+)

5.	 Until the cross‑matched units are available, 
uncross‑matched O‑negative units are issued. The 
consent for each event of transfusion is taken. As 
soon as the blood group of the patient is determined, 
switching over to respective blood group is carried 
out

6.	 The blood bank issues blood products in 
predetermined packs as per the physicians’ order 
consisting of PRBC and FFP units, keeping in view 
the complete blood count and coagulation profile

7.	 Administration of blood components is done using 
blood warmers

8.	 Proper identification of the patient before the start of 
transfusion is very essential

9.	 Additional blood components are issued in packs 
based on the laboratory results, i.e., platelet 
count  <50,000/cumm, PT  >60 s, international 
normalized ratio >1.5  times the control value, and 
fibrinogen <100 mg/dL. These include platelet and 
cryoprecipitate. Cryoprecipitate is usually issued in 
packs of 10, 20, etc., based on the formula:

	 a.	 Dose  (units) =  (desired fibrinogen increment 
[mg/dL] × plasma volume)/250 mg/unit

10.	Our aim is to:
a.	 Keep temperature >35°c
b.	 Keep platelet count >50,000/cumm
c.	 Keep fibrinogen >150 mg/dL
d.	 Keep PT and APTT <1.5 times the normal value.
11.	The protocol is terminated only when notified by the 

treating physician. After termination of the protocol, 
subsequent blood products are released only on 
demand by the physician.

Figure 1 shows schematic representation of the algorithm.

Statistical analysis
The demographics, clinical data, and details of PRBC, 
FFP, platelet transfusion, and laboratory data were 
collected and checked with the patient records and 
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hospital computer information system. These data were 
entered into a Microsoft Office Excel 2010, and data were 
analyzed with the SPSS Software Program (Version 20.0, 
SPSS Inc., Chicago, IL, USA). Results were expressed as 
mean ± standard deviation; categorical measurements 
are expressed in number and percentage. Comparisons 
were performed using Chi‑square test. Results were 
analyzed and some was considered significant when 
P < 0.01 and some when P < 0.05.

Results
During the study, all the massively transfused patients 
in our institution were included. This accounted for a 
total of 61 patients above 13 years of age over the study 
period of 1 year and 10 months. The mean age of the 
study population was 33.4 ± 8.3 years (male ‑ 37.6 years 
and female ‑ 30.1 years). The study population included 
30 males and 31 females. Of the 31 females, 28 belonged 
to the obstetric group, 2 belonged to the major surgery 
group, and 1 belonged to the trauma group. Figures 2 and 
3 demonstrate the percentage distribution of the sample 
according to age and gender, respectively.

Out of the 61 massively transfused patients, 34 patients 
were included in the emergency category of admission 
to the casualty, whereas 27 were elective cases [Figure 4]. 
The most common cause for emergency admission was 
blunt trauma which accounted for 58.8% followed by 
GI bleed with 11.6%. Among the elective cases, the most 
common indication for MT was among the obstetric 
cases (73%), with placenta accreta (44.4%) being the most 
common cause.

The etiologies leading to the initiation of MT in the 
study population were heterogeneous. Obstetric causes 
accounted for the highest percentage  (45.9%), with 
placenta accreta being the most common indication. This 
was followed by trauma  (36.1%), with most common 
causes being blunt trauma, GI bleed  (6.6%), major 
surgery (6.6%), and orthopedic surgery (4.9%) [Figure 5]. 
Table 1 shows the distribution of study sample according 
to age, gender, criteria of admission, and diagnosis.

Of the 61  patients with heterogeneous diagnosis 
studied, 5 were nonsurvivors with 4 males and 1 female. 
The overall 7‑day hospital mortality rate was 8.1% 
with 100% mortality observed among patients with 
penetrating trauma followed by 25% in patients with 

1. Activation of MTP

2. Commence transfusion with 1 unit of O negative PRBC

3. 4PRBC+ 4 FFP

4. View Results

5. Coagulation Profile

if cross matched units unavailable Send for blood groping and Rh
typing, Hb, Platelet counts and

coagulation profile.

PT
APTT
Fibrinogen
Platelet count
D- Dimer

Reassess after 4
hours and review

Platelet count < 50,000
PT> 1.5 times the control

INR>1.5
APTT>60 seconds

Fibrinogen<100mg/dl

Cryoprecipitate

Step 3+ 4 Platelet

AbnormalNormal

Figure 1: Schematic representation of the algorithm Figure 2: Percentage distribution of the sample according to age

Table 1: Distribution of study sample according to 
age, gender, criteria of admission, and diagnosis

Count (%)
Age

15-30 34 (55.7)
31-45 21 (34.4)
46-60 6 (9.8)

Mean±SD 33.4±8.3
Gender

Male 30 (49.2)
Female 31 (50.8)

Criteria for admission
Emergency 34 (55.7)
Elective 27 (44.3)

Diagnosis
Obstetrics 28 (45.9)

Placenta accreta 12 (19.7)
Placenta percreta 6 (9.8)
PPH 7 (11.5)
Obstetric (others) 3 (4.9)

Trauma 22 (36.1)
Blunt 20 (32.8)
Penetrating 2 (3.3)

GI bleed 4 (6.6)
Orthopedic 3 (4.9)
Major surgery 4 (6.6)

SD=Standard deviation, GI=Gastrointestinal, PPH=Post Partum Hemorrhage
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GI bleed and 10% in patients who suffered from blunt 
trauma  [Figure 6]. The cause of death was MOF and 
sepsis (one patient) and massive hemorrhage, acidosis, 
and shock (four patients); 4 out of the 5 nonsurvivors 
died within the first 24  h of admission. Only one 
nonsurvivor (male patient with history of blunt trauma, 
MOF) died after more than 25  days of hospital stay. 
Figure 7 shows the distribution of diagnosis based on 
survival.

These factors were compared to the clinical outcome in 
terms of mortality. Except for the criteria of admission, 
there was no significant relationship between age, 
gender, and diagnosis with the survival status. All the 
five nonsurvivors were emergency cases and 100% 
survivorship was observed among the elective cases, 
and these data attained statistical significance. Table 2 
gives a comparison of the survival status based on the 
criteria of admission.

Certain common preliminary signs and investigation 
done before initiation of MT among the different 
etiologies were analyzed. These included heart 
rate  (HR), SBP, and FAST. FAST was performed only 
for admissions to the casualty, and hence, its importance 
cannot be fully estimated. Estimate of blood loss (EBL) 

could be analyzed only for obstetric patients based on 
the mop count, and therefore, its significance was also 
limited. Figure  8 demonstrates the etiology‑specific 
distribution of the preliminary investigations. There was 
no statistical significant relationship between HR, FAST, 
and EBL to survivorship among the different diagnosis 
studied. However, all the nonsurvivors irrespective of 
the etiology of mortality had a SBP of <90 mm of Hg, 
and the analysis was statistically significant suggesting 
that hypotension before initiation of MT can have 
a detrimental effect on survival. Table  3 compares 
preliminary investigations to survival status.

The turnaround time  (TAT) from the time of request 
to the time of issue of PRBC unit in the MT protocol 
was calculated, and the mean TAT was estimated to 
be 9.4 ± 2.1 min (range 8–17 min). 54.1% of the patients 
received PRBC unit in <10 min. 61.8% of the emergency 
cases irrespective of diagnosis received the PRBC 
unit in  <10  min, and this analysis attained statistical 
significance indicating efficient communication of the 
treating physicians and the transfusion medicine services. 
Table 4 gives a comparison of selected variables on TAT.

Figure 4: Percentage distribution of the sample according to criteria for admission

Figure 5: Percentage distribution of the sample according to diagnosis
Figure 6: Comparison of the survival status based on different ratios of 

platelet:packed red blood cell

Table 2: Comparison of the survival status based on 
criteria of admission
Survival status Count (%) χ2 P

Emergency Elective
Nonsurvivor 5 (14.7) 00 4.33* 0.038
Survivor 29 (85.3) 27 (100.0)
*Significant at 0.05 levels

Figure 3: Percentage distribution of the sample according to gender
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A total of 428 units of PRBC, 400 units of plasma, 
324 units of random donor platelet, and 420 units of 
cryoprecipitate were transfused among the massively 
bleeding patients included in this study. Although the 
institution of this study advocates the use of 1:1 ratio of 
FFP: PRBC and platelet: PRBC, there was lack of strict 
adherence to such a protocol and physician‑initiated 
varied ratios were witnessed in this study population. 
The present study achieved a mean FFP: PRBC ratio of 

0.98 and a mean platelet: PRBC ratio of 0.95. Figures 9 
and 10 illustrate the percentage distribution of the sample 
according to FFP:PRBC and platelet:PRBC.

Keeping in mind the goal of the study, these different 
ratios of FFP:PRBC and platelet:PRBC were compared 
to the survival status. The analysis showed that majority 
of the survivors received equal ratios of FFP:PRBC and 
platelet:PRBC. All the five nonsurvivors received low ratios 
of FFP:PRBC. All these analyses were statistically significant 
indicating a better clinical outcome in terms of mortality 
with 1:1:1 ratio of FFP:PRBC: platelet. Figures 6 and 11 give 
a comparison of the survival status based on different ratios 
of FFP:PRBC and platelet:PRBC, respectively.

Discussion

In the present study, the study population comprised 
several group of patients including different etiologies 
leading to the initiation of the MTP. Among a total of 
61 patients studied, majority were obstetric causes (45.9%) 
followed by trauma  (36.1%), GI bleed  (6.6%), major 
surgery (6.6%), and orthopedic surgery (4.9%). Literature 
analysis showed that optimization, activation, and 
outcomes of the MT protocols have been widely studied 
in the context of trauma, but implication of the same in a 
nontrauma setting still remains a concern. Still, there is 
lack of evidence to validate and adopt a uniform MTP, 
irrespective of the etiology of bleed.

The 7‑day overall mortality rate in the present study 
was 8.1% with 100% mortality observed among patients 
with penetrating trauma followed by 25% in patients 
with GI bleed and 10% in patients who suffered from 
blunt trauma. This was lower than the 26.1% mortality 
rate observed by Yoon et al. in a population consisting 
of 334 trauma patients for 5 years.[27] Study of MTP use 
by Sinha et al. in a similar heterogeneous setting also 
showed a higher mortality rate of 29% among their 

Table 4: Comparison of selected variables on 
turnaround time

Count (%) χ2 P
<10 min 10–15 min

Criteria for admission
Emergency 21 (61.8) 13 (38.2) 7.78** 0.005
Elective 7 (25.9) 20 (74.1)

Length of hospital stay (days)
<25 19 (45.2) 23 (54.8) 0.02 0.877
>25 9 (47.4) 10 (52.6)

Survival status
Nonsurvivor 4 (80.0) 1 (20.0) 2.55 0.110
Survivor 24 (42.9) 32 (57.1)

**Significant at 0.01 level

Figure 7: Distribution of diagnosis based on survival status Figure 8: Comparison of selected variables based on diagnosis

Table 3: Comparison of the preliminary investigations 
on survival status

Count (%) χ2 P
Nonsurvivor Survivor

HR
>120 4 (13.3) 26 (86.7) 2.07 0.150
<120 1 (3.2) 30 (96.8)

SBP
>90 0 30 (100.0) 5.27* 0.022
<90 5 (16.1) 26 (83.9)

FAST
Positive 4 (18.2) 18 (81.8) ‑ ‑
Negative 0 0

Estimate blood loss
<4000 0 13 (100.0) ‑ ‑
>4000 0 15 (100.0)

*All the nonsurvivors had a SBP of <90 mm of Hg and the analysis was 
statistically significant (P=0.02). HR=Heart rate, SBP=Systolic blood pressure, 
FAST=Focused assessment with sonography for trauma
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study cohort when compared to our study.[28] This 
difference in the mortality rates from our study might 
be due to fewer number of patients included in each 
group in our study and short time period of the study. 
Study by Morse et  al. supported the finding that the 
mortality risk among such heterogeneous populations 

is also associated with the underlying disease and not 
the MTP alone.[29]

In the present study, among the demographic 
characteristics studied, emergency admission was an 
independent risk factor for mortality (P < 0.05) among 
the massively transfused patients. This analysis was 
supported by the study by Yoon et al. where emergency 
admission was an independent predictor for survival 
with an odds ratio of 2.6 (P < 0.001).[27]

Prehospital parameters are considered as important 
predictors of TIC and also for predicting the need for MT. 
The injury severity score, shock index  (SBP/HR), and 
pretransfusion administration of fluids help in predicting 
TIC and need for MT. However, validated scores are only 
available for trauma settings. And therefore, generalization 
of such scores in a nontrauma setting is not accepted to 
date. In the present study, the prehospital parameters 
including HR, SBP, FAST, EBL, and preadministration 
of fluids were analyzed individually and their effect 
on mortality was looked upon. All the nonsurvivors 
irrespective of the etiology had an SBP of <90 mm of Hg 
suggesting hypotension as a result of massive hemorrhage 
before the initiation of MT can have a detrimental effect 
on survival. This result was supported by the study by 
Zenati et al. which states that duration and episodes of 
hypotension in massively bleeding patients are associated 
with increased mortality.[30]

Early recognition of the ongoing massive hemorrhage and 
prompt delivery of the components is the key to survival 
in a massively bleeding patient. Several literatures 
illustrate the importance of TAT in the initiation of MTP 
and its effect on mortality. In the present study, the mean 
TAT for a PRBC unit was estimated to be 9.4 ± 2.1 min. 
54.1% of the patients received the blood component 
pack in <10 min. 61.8% of the emergency cases which 
also included 4 out of the 5 nonsurvivors, irrespective 
of diagnosis, received the blood components in <10 min. 
This is in accordance with the study by McClain et al. 
where the mean TAT in emergency blood issue was 
10 ± 3.8 min at one center and 14 ± 7.2 min at another 
center.[31] There was no association of TAT with mortality 
in the present study. Literatures are in view that early 
recognition and rapid availability of blood components 
improves survival in massively bleeding patients, but an 
exact guideline for TAT has not been emphasized.[21‑23]

Despite the fact that the institution of the present 
study advocates the use of 1:1:1 ratio of FFP:PRBC: 
platelet, there is lack of adherence to the same and 
physician‑initiated varied ratios as per the need of the 
clinical scenario are widely implemented. The present 
study was carried out to look into the various trends in 
the clinical outcome associated with the different ratios 

Figure 11: Comparison of the survival status based on different ratios of fresh 
frozen plasma:packed red blood cell

Figure 9: Percentage distribution of the sample according to fresh frozen 
plasma:packed red blood cell

Figure 10: Percentage distribution of the sample according to platelet:packed red 
blood cell
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administered and thus formulate an effective MTP in 
the institution. The present study achieved a mean 
FFP:PRBC ratio of 0.98 and a mean PLT:PRBC ratio of 
0.95 which was comparable to the 1:1 ratio advocated 
by the institution and various retrospective studies. The 
different ratios were grouped as high (>1), equal (=1), 
and low  (<1) ratios of FFP:PRBC and platelet:  PRBC, 
respectively, and its effect on mortality and morbidity 
was extensively studied.

Majority of the survivors irrespective of the etiology 
received equal ratios of FFP:PRBC and platelet:PRBC. 
These analyses were statistically significant indicating 
a better clinical outcome in terms of mortality with 
equal ratio of FFP:PRBC and platelet:PRBC. This was in 
accordance with the current randomized control. One 
such trial is the Pragmatic Randomized Optimal Platelet 
and Plasma Ratios trial which compared the 1:1:1 and 
2:1:1 ratio of PRBC: plasma: platelet with 24‑h and 30‑day 
mortality. No significant difference in mortality was 
found between the two ratio groups. However, patients 
in the 1:1:1 group attained better hemostasis and the 
death due to bleeding was less.[32] Studies by Dzik et al. 
and Yoon et al. and many more studies favored the 1:1:1 
protocol.[27,33] However, another randomized control 
study, The Prospective Observational Multicenter Major 
Trauma Transfusion study observed that higher ratios 
of plasma or platelet were associated with decreased in 
hospital mortality when transfused early, i.e., in the first 
6 h of admission.[34] Literatures have also put forward 
the collateral damage associated with 1:1 protocols. 
This is because stringency with these protocols results 
in unnecessary transfusion of FFP in patients with no 
need which result in complications of fluid overload, i.e., 
edema, ARDS, and abdominal compartment syndrome, 
leading to MOF.[35‑38]

Contrasting literatures are also available in this regard. 
Gunter et al. reviewed a total of 259 patients who received 
more than 10 units of PRBC in the first 24 h and found 
that there was 62% reduction in the 30‑day mortality in 
the low ratio group of plasma to PRBC compared to 41% 
in the high ratio group.[39] Similarly, Kudo et al. found 
a similar end point, with increased mortality  (44.4%) 
among the high ratios of plasma to PRBC transfusion 
when compared to low ratios (33.3%).[40]

The challenge observed in the present study was that the 
population studied is invariably heterogeneous and most 
of the literatures comparing the different ratios of blood 
components to the clinical outcome are retrospective 
studies and are conducted mainly in the trauma settings. 
This limited the scope of our findings; however, since 
the data were statistically significant, the current study 
emphasizes the adoption of the 1:1:1 ratio of PRBC:FFP: 
platelet for a better clinical outcome in terms of mortality.

Limitations of the study
•	 Small sample size
•	 Heterogeneous population
•	 Variable distribution of population in each subgroup
•	 No statistical analysis could be established between 

the various subgroups and ratio of blood components 
with respect to the clinical outcomes because of a 
highly variable number of patients in each subgroup

•	 Mortality influenced by the disease conditions of 
the patients could not be ruled out since different 
etiologies in the study

•	 Lack of POCT creates a gap in the early estimation of 
coagulopathy and hence prompt action

•	 Effect of cryoprecipitate transfusion on the clinical 
outcome was not assessed since all the patients did 
not necessitate the need

•	 Poor documentation in the clinical records.

Conclusion

•	 Institutional definition of MT for all massively 
bleeding cases irrespective of the etiology should be 
formulated

•	 An institutional MTP with fixed ratios approximating 
a ratio of 1:1:1 ratio of PRBC: FFP: platelet need to be 
designed

•	 Better methods such as introduction of POCT for 
prediction of MT requirement

•	 Strict compliance to the MTP.
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