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Abstract
[bookmark: _Hlk30859766]Objectives: To determine the impact of Major Haemorrhage (MH) Protocol (MHP) activation on blood  administration and patient outcome at a UK cardiothoracic centre. 
Methods: MH was defined in patients (>16years) as those who received >5 units of red blood cell (RBCs) in <4hrs, or >10units in 24hrs from January 2016 to December 2018. Data was collected retrospectively from patient electronic records and Hospital transfusion databases recording issue of blood products.
[bookmark: _Hlk30860284]Results: Of 134 patients with MH, 24 had activated MHP and 110 did not. Groups were similar for age, sex, baseline haemoglobin, platelet count, coagulation screen and renal function with no difference in the baseline clinical characteristics. The total number of red cell units (median and [IQR]) transfused was no different in the patients with activated (7.5 [5-11.75]) vs non- activated (9 [6-12]) MHP (p=0.35). Patients in the non-activated MHP group received significantly higher number of platelet units (median 3 vs 2 p=0.014), plasma (median 4.5 vs 1.5 p=0.0007) and cryoprecipitate (median 2 vs 1 (p=0.008).  However, activation of MHP was associated with higher mortality at 24hrs compared to patients with non-activation of MHP (33.3% vs 10.9%, p=0.005) and 30-days (58.3% vs 30.9%, p=0.01) The total RBC and platelet (but not FFP) units received were higher in deceased patients than survivors.  Increased mortality was associated with a higher RBC: FFP ratio. Only 26% of patients received tranexamic acid and these patients had  higher mortality at 30 days but not 24hrs. Deceased patients at 30 days had higher levels of fibrinogen that survived (median 2.4 vs 1.8 p=0.01). 
 Conclusions: Patients with activated MHP had  significantly higher mortality at both 24hrs and 30 days despite lack of difference in the baseline characteristics of the patients with activated MHP vs non activated MHP groups The increased mortality associated with a higher RBC: FFP ratio suggests dilutional coagulopathy may contribute to mortality but higher fibrinogen at baseline was not protective. 
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Introduction
Major haemorrhage (MH) is a significant cause of morbidity and mortality in both trauma patients and those undergoing surgical procedures; MH affects up to 40% of trauma patients1 and 10% of cardiac surgery patients2. MH has a multitude of adverse effects including tissue hypoxia, multiple organ failure, cardiac arrest and death3. Definitions  for major haemorrhage include: 1) Loss of one blood volume in 24 hours 4, 2) 50% blood volume loss within 3 hours, and 3) blood loss of 150ml/minute (adult)5. Current management emphasises the need for rapid provision of emergency blood s to reduce fatal outcomes. The National Patients Safety Agency6 reported that delays in the provision of emergency blood led to “unacceptable morbidity and mortality” citing  11 deaths and 83 incidents in which patients were harmed in a four year period. In light of this report, the Bri§tish Society of Haematology (BSH) published a practical guideline on the management of MH in 20157.  
Whilst many of the MHP studies are focussed on trauma, the main principle behind the management of MH is  prompt delivery  of blood s to  improve patient outcome8 and is  still relevant in non-trauma patients. Furthermore, implementation of a MHP can reduce the risk of blood  wastage9,10 . Tranexamic acid (TXA) is an antifibrinolytic agent and has been shown to reduce bleeding and improve survival when given within 3hrs from the start of bleeding11,12.   The BSH guidelines suggest the use of tranexamic acid in patients with non-traumatic MH7. In addition, current guidelines on management of major haemorrhage recommend that Fresh Frozen plasma (FFP) should be given in at least a 1:2 ratio to red blood cells (RBCs)  and in patients with traumatic MH, a 1:1 ratio, to avoid dilutional coagulopathy13.
Bleeding is a frequent complication in patients undergoing cardiothoracic surgery; such bleeding may fulfil one or more of the MH definitions whilst remaining well controlled and managed by experienced staff. This highlights the importance of locally agreed protocols for recognition and management of MH in hospitals performing major cardiothoracic surgery. Early recognition of MH and activation of local MHP has been recommended as key to successful patient outcomes. 
We hypothesised that patients who experienced a true MH but did not trigger MHP would have a worse clinical outcome than patients who experienced true MH and activated MHP.
The aims of this study were to:
1. To assess whether non-activation of MHP can affect patient outcomes 
[bookmark: _Toc9378189]2. To identify variables which affect patient outcome following a MH other than activation of MHP.

Patients and Methods
This was a retrospective single centre observational cohort study of patients identified as having had an MH within the Royal Brompton Hospital from January 2016 to December 2018. The study was undertaken as a service evaluation project and approved by the Trust clinical effectiveness unit  and further ethical approval was not required. For this study MH was defined as patients who received more than 5 units of RBCs in less than 4 hours or more than 10 units in 24 hours as per National Comparative Audit of 2018 in major haemorrhage 14. 
[bookmark: _Toc9378190]
Data Collection

Patients were identified from Trust electronic clinical databases. All patients experiencing MH were included in our study and categorised into  “cardiac surgery”, “pulmonary surgery” or “non-surgical” causes of bleeding based on the cause for MH. Patients who had experienced MH but who had not activated MHP were identified from blood transfusion databases. The initial patient list therefore comprised patients with protocol activated MH and retrospectively identified MH patients as per National Comparative Audit definitions. Patients aged <16 years were excluded (Fig.1). 

[bookmark: _Hlk40104214]Patient demographic data, use of anticoagulant and antiplatelet treatment prior to MH, laboratory parameters including baseline haemoglobin (Hb), platelet count, coagulation screen, fibrinogen and renal function, prior to transfusion of first blood , were collected from the patient database (Table 1).  Laboratory data was taken from admission bloods. Use of blood s and tranexamic acid were collected from transfusion databases and patient records. Clinical outcome measures including 24 hours and 30-day mortality following MH, recurrent bleeding, thrombotic and ischaemic stroke events, myocardial infarction (MI), cardiogenic shock, pulmonary embolic (PE) events, infections, multiple organ failure (MOF), acute respiratory distress syndrome (ARDS) and acute kidney injury (AKI) were also collected from patients’ electronic records. 
Comorbidities such as hypertension, hypercholesterolemia, diabetes, renal disease, valvular disease, congenital diseases and other heart disease were also extracted. 

[bookmark: _Toc9378192]Risk factors for bleeding

Although not designed or validated for this purpose, HAS-BLED scores were used as a scoring system to assess patients for risk factors which would increase the propensity to bleed. Patients were categorised into HAS-BLED score 0, 1, 2 and 3+. Patients who had either congenital or valvular heart diseases were also identified from patient records.  Patients on  anticoagulation and having a planned surgery, it  was stopped and  bridged appropriately if required as per Trust protocol ( patients on warfarin stopped 5 days .prior to planned surgery and patients with high risk of thrombosis were bridged with either unfractionated heparin [UFH]  infusion or low molecular weight heparin [LMWH]. UFH was stopped 4-6 hrs and last dose of LMWH was given 24hrs and prophylactic dose 12hrs prior to the planned surgery. Those on direct acting oral anticoagulant, they were stopped based on renal function). P2Y12 inhibitors were stopped 5-7 days before surgery and aspirin was continued throughout surgery.

[bookmark: _Toc9378193]Statistical Analysis
[bookmark: _Toc9378194]Data analysis was performed using Microsoft excel and GraphPad Prism version 8 (GraphPad Software, Inc.). Numerical data were tested for normality using Kolmogorov Smirnov and Shapiro-Wilk tests.  Results were reported as numbers with percentages and medians with interquartile range (IQR).  All data (except age) were non-parametric so the Wilcoxon rank-sum (Mann-Whitney) test was used for statistical comparisons. Outcome comparisons were tested using the chi squared test. Correlations were assessed using the Spearman’s rank correlation coefficient. All statistical tests were 2 sided and significance was set at p < 0.05. 

Results
Demographic and baseline characteristics of patients are shown in Table 1. Fig. 1 shows the inclusion and exclusion for the study and the patient outcomes. A total of 134 patients were eligible for analysis of which, 42 (31.3%) were female. All patients undergoing elective surgery, anticoagulant or antiplatelet treatment was stopped appropriately as detailed in method section. 
Only 11/134 (8.2%) with MH had emergency surgery, of which only one had been on anticoagulant therapy. The majority of patients with MH had had cardiac surgeries [118 (88.1%)] followed by non-surgical patients [10 (7.5%)] and patients who had had pulmonary surgeries [6 (4.5%)]. Out of 134 patients experiencing MH who were included in the analysis, 24 had triggered MHP and 110 had not.  Triggering of MHP is based on clinical judgement of the leading clinician. 
[bookmark: _Toc9378195]
Baseline characteristics of patients with Activated MHP vs Non-Activated MHP
There was no significant difference in the age of the two patient groups: mean ±SD 57 ± 21.8 years and 61 ± 18.1 years respectively, p=0.73. There were no significant differences in sex, HAS-BLED score, use of anticoagulant or anti-platelet treatment, prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen level, haemoglobin or platelet counts between patients with activated MHP and non-activated MHP. 

Blood components and clinical outcomes between activated MHP and non-activated MHP
The total number of red cell units (median and [IQR]) transfused was not different in the patients with activated (7.5 [5-11.75]) vs non-activated (9 [6-12]) MHP (p=0.35), but patients in the non-activated MHP group received significantly more units of platelets (median 3 vs 2 p=0.014), plasma (median 4.5 vs 1.5 p=0.0007) and cryoprecipitate (median 2 vs 1 (p=0.008). 
[bookmark: _Hlk30085291][bookmark: _Hlk40106565]Patients with MHP activation had significantly higher mortality rates both at 24hrs (33.3% vs 10.9%, p=0.005) and 30-days (58.3% vs 30.9%, p=0.01) compared to non-activation.  Five patients (in the activated MHP group) died prior to transfusion of 5 units of RBC in less than 4hrs as per study definition of MH. These five patients included two cystic fibrosis patients with haemoptysis, one patient following emergency surgery for aortic dissection, one patient with aortic valve replacement and  ascending aorta and one post-operative arrest following cardiac surgery  for re-sternotomy for repair of mitral valve. When analysis restricted to patients who survived to receive 5 RBC units, the difference in the morality in the activated MHP vs non activated MPH remained significant both at 24hrs and 30-days. Of 134 patients included for further analysis, other adverse clinical outcome data were available in 120 patients. There were no significant differences in recurrent bleeding, thrombotic events, strokes, myocardial infarcts, cardiogenic shock, ARDS, AKI or sepsis between patients with activated and non-activated MH. However, non-activated MH patients experienced significantly greater incidence of MOF (59.8% vs 33.3% [p=0.04]).

Fluid resuscitation other than blood components used in activated and non-activated MHP
Details of fluid resuscitation were available for 120 of the 134 patients. Out of 120, 88% of patients received colloid alongside other blood components, 18.3% received albumin, 3.3% of patients received isoplex (succinylate gelatin) and 14.2% received crystalloid. There were no significant differences in use of  colloid and isoplex between activated and non-activated MHP (p=0.11, p=0.43) but there was trend towards using more albumin in the patients with non -activated MHP (p=0.08). There was however a significant difference in use of crystalloid (p=0.009) with higher than expected use in MHP activated patients (6/19 vs 9/94).

Variables affecting mortality in patients with MH as a whole group
The 134 patients who had MH (activated MHP and non-activated MHP) were categorised into survived and deceased at 24 hours and 30 days. At 24 hours, 20/134 patients were deceased, 114/134 still alive and by 30 days 48 of 134 patients had deceased and 86 patients had survived.  

Use of anticoagulant and Mortality

Of the 134 patients with MH, 82 patients were previously on  anticoagulation. There were no significant differences in the mortality at 24hrs or at 30-days in patients on anticoagulants prior to MH compared to patients not on anticoagulants; p=0.33 and p=0.17 respectively.

[bookmark: _Toc9378196]HAS-BLED and Mortality
A total of 27 patients scored 0 (at 24 hours; 5 deceased, at 30 days; 14 deceased), 29 patients scored 1 (at 24 hours, 4 deceased; at 30 days, 11 deceased), 45 patients scored 2 (at 24 hours; 6 deceased, at 30 days; 13 deceased) and 33 patients scored ≥3 (at 24 hours; 5 deceased, at 30 days; 9 deceased). There were no significant associations between HAS-BLED score and mortality at either 24 hours or 30 days (p=0.89 and p=0.16 respectively).


[bookmark: _Toc9378198]Valvular or Congenital Diseases and Mortality
Patients with congenital disease did not have increased risk of mortality at either 24hrs (p=0.72) or 30 days (p=0.11). Presence of valvular disease also did not increase the risk of mortality following MH; p=0.42 at 24 hours and p=0.77 at 30 days.

[bookmark: _Toc9378199]Fibrinogen and Mortality
There was a trend to higher fibrinogen levels among patients that died after 24 hrs (median 2.6, IQR 2.9) compared to survivors (median 1.9, IQR 1.1), p=0.07,  and this became statistically significant by day 30 (median 2.4, IQR1.75) compared to those who survived (median 1.8, IQR 1.0) at 30 days, p=0.01. However, 5/21 (23.8%) patients died prior to a measurement of fibrinogen being obtained.  

[bookmark: _Toc9378200]Use of Tranexamic Acid and Mortality
[bookmark: _Hlk40108088]Use of tranexamic acid following MH was collected only on patients who had cardiac surgery. In a total of 118 patients with cardiac surgery who had MH, use of tranexamic acid was documented only in 68 patients; 35/68 received tranexamic acid and 33/68 did not. In the remaining 50 patients, there was no mention of tranexamic acid. In patients with MH following cardiac surgery , when used, tranexamic acid had no impact on mortality at 24hrs (p=0.406) but 30-day mortality was significant higher in patients who received tranexamic acid compared those who did not; p=0.005.   
[bookmark: _Toc9378201]

Baseline Haemoglobin and Platelets vs Mortality
There was no significant difference in baseline haemoglobin in patients who survived (median 130g/L, IQR 32) or died (median 121g/L, IQR 26.5) at 24-hour, p=0.13 or at 30 days (median 130 [IQR 37.5] vs 124.5 [IQR 31], p=0.13).
A similar observation was seen in baseline platelet count in survived and deceased patients at 24 hours (median 196 [IQR 77.5] vs 196 [IQR 103.75], p>0.99) or 30 days (median 197 [IQR 70] vs 195 [IQR 78.25], p=0.82).

[bookmark: _Toc9378202]Blood components and Mortality
[bookmark: OLE_LINK1]Fig. 2 (A-D) illustrates the number of total blood components and each blood component transfused in survived vs deceased patients at 30-days. Patients who died at 30-days had been transfused a significantly higher number of total blood components (RBC, FFP and platelets), compared to those who survived (median of 21 units vs 17 units p=0.006) (Fig 2A) in spite of the 5 patients who died prior to receiving any blood components in the activated MHP group. Specifically, patients who died at 24 hours and 30-days received more red cells (median 11 vs 9, p=0.0076, median 10 vs 7.5, p =0.0018) (Fig. 2B) compared to survivors. Patients deceased at 30 days also received more platelets (median 4 vs 3, p= p=0.032) (Fig. 2C) compared to survivors. However, there was no difference in units of FFP between the two groups, p=0.13 (Fig. 2D). There was a higher mortality rate when patients were given RBC and FFP units at a ratio >2:1 (Fig.3). Only 5 patients were given 1:1 ratio of RBC: FFP, 4 survived at 30 days and 1 did not.

There was a weak negative correlation found between fibrinogen level and number of red cells transfused (p=0.0073, r= -0.24).

[bookmark: _Toc9378203]Discussion
Based on previous research regarding the benefits of use and implementation of MHPs15–17, we hypothesised that outcomes would be worse in patients with MH without triggering the MHP. However, except that the patients with non-activated MH had a significantly greater incidence of MOF, we found that patients whose MH triggered the MHP had a worse outcome with significantly higher mortality rates both at 24hrs and 30-days compared to patients with non-activated MHP despite no difference in the baseline laboratory parameters such as haemoglobin or renal functions or other clinical or demographic features in the two groups. There were no significant differences in recurrent bleeding, thrombotic events, strokes, myocardial infarcts, cardiogenic shock, ARDS, AKI or sepsis between the two groups. Even though 5 MHP activation patients died before receiving any blood components, the total number of blood components transfused in the activation group was significantly higher in patients who died, at both 24hrs and 30-days, than in survivors. When analysis was restricted to individual blood components, the total number of red cell and platelet units were higher in deceased patients but no difference was seen for FFP.  Fibrinogen levels were higher in those who died at 30-days but not at 24 hours. Patients who received tranexamic acid had significantly higher 30 -day mortality rate compared to those who did not. 
The unexpected higher rate of mortality observed in the activated MHP group vs the non-activated MHP group could be due to many factors. The MHP group may select for those with more severe bleeding which was appropriately recognised by the requesting clinician but leading to hypovolaemia, shock and potential multiple organ failure 18.  If this was correct, we might expect these patients to receive a higher number of red cells, but we found no difference in the number of red cell units transfused in the two groups. However, this may reflect ‘survivor bias’ because patients who died early had less time to receive blood component transfusion. Nonetheless, other studies have shown a positive dose-dependent relationship between number of units of red blood cells transfused and patient mortality19–21. These studies demonstrate the delicate balance between transfusing sufficient red cells to preserve life and avoiding the risks of massive transfusion. The BSH7 definition of major bleeding which includes heart rate (more than 110 beats/min) and/or blood pressure (systolic blood pressure less than 90 mmHg), provides additional indicators of the patient’s physiological condition which could be useful in future studies. In this retrospective study we used a  simpler definition of 5 units of RBCs in 4 hours or more than 10 units in 24 hours as per National Comparative Audit of 2018 in major haemorrhage14.  Whilst our definition offered a fast, quantitative and definitive way to diagnose MH, it is flawed as some patients requiring 5 units of RBCs may maintain haemodynamic stability. Furthermore, some patients with severe bleeding died prior to receiving the 5 units in (5/134 patients).  Higher PT has been shown to be associated with increased mortality in studies from patients with MH following trauma (ref). However, there were no differences in PT in patients with activated MHP vs non -activated MHP. 

[bookmark: _Toc9385020]Use of Tranexamic Acid
Despite the recommendation to consider use of TXA immediately following a MH, only 35/134 (26.1%) received TXA in this cohort of patients. The increased 30-day mortality in patients who received tranexamic acid could be because tranexamic acid was probably given late; >3hrs after the start of MH; which was associated with increased mortality in the CRASH study 11.  Use of tranexamic acid may also indicate the severity of the patient’s clinical condition and failure of other haemostatic measures22,23. We also note that this is a relatively small sample size; a total of 68 patients and 8 deaths were analysed. 

[bookmark: _Toc9385021]Fibrinogen levels and mortality 
[bookmark: _Hlk40110905][bookmark: _Hlk40110928]We did not reproduce the finding in previous studies that low levels of fibrinogen during major haemorrhage are associated with increased mortality 24. This could be influenced by the fact that 3/16 (18.75%) patients did not survive long enough to have fibrinogen levels taken at the time of MH. However there was a trend to higher fibrinogen levels among patients that died after 24 h and this became statistically significant by day 30. Fibrinogen is essential component of the coagulation pathway that helps to stop bleeding by forming fibrin strands and stable fibrin clot with platelets and factor XIII. Studies from patients with trauma have shown that high fibrinogen levels exert a protective effect regarding the amount of blood loss following trauma (ref). However, in our study, raised fibrinogen s may reflect the severity of underlying illness manifesting an acute phase reaction and later mortality 25.  Optimal wound healing for example, occurs in 4 “continuous, overlapping and precisely programmed phases”, one of which includes “appropriate inflammation”26. An activated inflammatory system, indicated by a raised plasma fibrinogen level pre-operatively, could leave the patient vulnerable to post-operative infection and a poorer, slower recovery following the initial insult of major surgery or MH.  
On the other hand, low preoperative fibrinogen is associated with increased risk of intraoperative bleeding27,28. We compared the fibrinogen levels with the number of RBC units transfused and found that there was a negative correlation, r= -0.24, p= 0.006, suggesting that patients who had lower admission fibrinogen levels bled more during MH and thus required more units of RBCs. 

[bookmark: _Toc9385022]Blood components 
[bookmark: _Hlk40105525]The total number of FFP, RBC and platelets used in patients who died was significantly higher at both 24hrs and 30-day mortality when compared to survivors despite 5 patients not surviving long enough to receive any blood components in the activated MHP group.  This was expected as we assume these patients were more severely ill and lost greater blood volume. Clearly there is no evidence of survivor bias.  A study by Yang et al 29 found a positive correlation between red blood cell transfusion volume and mortality. Another study 30 found that mortality doubled when the number of RBCs transfused doubled (9% in patients receiving 0-5 units, 22% in patients receiving 6-9 units). RBC transfusion of ≥ 4 units was strongly associated with mortality in previous studies investigating the impact of major bleeding and blood transfusion after cardiac surgery31. Large quantities of RBC transfusion have multiple adverse effects; increased exposure to infection, development of antibodies, increased susceptibility to systemic inflammatory response syndrome, and increased mortality32. We also found that there was a higher mortality in patients who received a higher ratio of RBC units to FFP. Studies such as PROPPR33 and PROMMTT34 provide important evidence of increased achievement of haemostasis in trauma patients with major bleeding who received RBC:FFP in a 1:1 ratio earlier (within minutes of hospital arrival). Evidence on use of RBC: FFP 1:1 ratio in MH is derived mainly from studies of patients with major trauma, and there is lack high quality evidence for cardiothoracic or vascular surgery.  However, a high FFP: platelets: RBC ratio of 1:1:1 should be given in patients with MH in cardiac surgery as this has been demonstrated to confer a survival benefit in other groups35.  This was also supported by the RECESS trial36 which investigated the effect of varied ratios for cardiac surgery patients and reported that when high ratio transfusions of FFP:RBC were associated with improved clinical outcomes. Data from our study further supports this recommendation. 
The lack of significant association between HAS-BLED score and mortality is not unexpected. The HAS-BLED score was developed to estimate the risk of bleeding in patients using anticoagulant therapy for atrial fibrillation37 and is not validated in patients at risk of major haemorrhage.
Anticoagulant use was expected to increase patient risk of bleeding intraoperatively and thus affect mortality38. The observation of non- significant differences in the mortality at 24hrs or at 30-days in patients on anticoagulants prior to MH compared to patients not on anticoagulants is probably because patients would have stopped anticoagulant prior to having major surgery as per hospital protocol.
Several studies have shown that preoperative anaemia can increase the risk of intraoperative bleeding and provides a good predictor of post-operative risk39–41. We did not reproduce this finding nor detect any effect of haemoglobin on mortality.
The main limitation of our study is that it is a retrospective, observational single-centre study with a relatively small sample size with a heterogeneous population of surgery and non-surgery patients. The definition and inclusion criteria which we used were therefore subject to survival bias. However, despite 5 patients in the activated MHP group dying prior to receiving any blood components, patients who died within 24hrs had significantly higher number of units of RBC and platelets but not FFP suggesting that survivor bias was minimal.  The study was conducted in a tertiary cardiothoracic centre and the results are therefore applicable only to similar centres with similar patient cohorts.  
[bookmark: _Hlk30859951]Despite the above limitations, this the largest single centre study to date reporting MH and the outcome in this specific groups of patients. Although the study was retrospective, all relevant clinical information and laboratory data were available to assess the study outcomes.
[bookmark: _Toc9385023]

Conclusions

[bookmark: _Hlk40110040]Patients with activated MHP had significantly higher mortality at both 24 hrs and 30 days. The reasons for this are not clear. Except patients with non-activated MH patients having significantly greater incidences of MOF, there were no significant differences in recurrent bleeding, thrombotic events, strokes, myocardial infarcts, cardiogenic shock, ARDS, AKI or sepsis between the two groups. Patients with activated MHP received more red cells and platelets (opposite of any survivor bias) suggesting that they were correctly recognised as having more severe bleeding.  There was a higher mortality when patients received a higher number of RBC units compared to FFP. Dilutional coagulopathy may therefore contribute to mortality although elevated fibrinogen at baseline was not protective and was associated with higher mortality at 30-days. Differences in mortality outcome could be due to source of bleeding, preparedness and anticipation of bleeding by medical staff and clinical impression of the patient.  Further education is required within the all clinical teams on use of appropriate blood components specially the use of 1:1 RBC: FFP following MH and prompt activation of MP with suspected MH.
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Legends to tables and figures
Table 1: Demographic data and baseline characteristics of patients who experienced major haemorrhage (MH) with either activated or not activated MH protocol (MHP) 
Figure 1: Summary of inclusion and exclusion of the patients for the study and the patients’ outcome. 
Figure 2. The difference in units of transfused components for in patients: survived and deceased at 30 days 
Figure 3. A scatter graph displaying units of red blood cells and Fresh Frozen plasma received in patients survived vs deceased at 30 days







Table 1
	Characteristics
	MHP activated (n=24)
	MHP not activated (n=110)
	P Value

	Age (years) (mean [SD])
	60 (20.8)
	60 (18.15)
	0.9

	Male/Female (n [%])
	14 (58.3)/ 10 (41.7)
	78 (70.9)/ 32 (29.1)
	0.35

	Haemoglobin (g/L) (median [IQR])
	132 (121-141)
	127 (106-138.75)
	0.58

	Platelets (109/L) (median [IQR])
	218 (154.5-233)
	195 (156.25-234)
	0.65

	PT (10.2–13.2s) (median [IQR]) 
	15.1 (13.2-17)
	13.2 (12.1-16.3)
	0.08

	APTT (26–36s) (median [IQR])
	32.3 (29.7-44.75)
	33.5 (30-38.7)
	0.68

	Fibrinogen (1.5–4.5 g/L) (median [IQR])
	1.6 (1.33-2.78)
	2 (1.575-2.7)
	0.21

	Creatinine (60-100 mmol/L) (median [IQR])
	86 (61.5-122.5)
	87 (69-115)
	0.84

	Use of anticoagulation (n [%])
	0.34

	Yes 
	13 (54.2)
	71 (64.5)
	

	No
	11 (45.8)
	39 (35.5)
	

	HAS-BLED score (n [%])
	
	0.11

	0
	8 (33.3)
	19 (17.3)
	

	1
	7 (29.2)
	22 (20)
	

	2
	4 (16.7)
	41 (37.3)
	

	3+
	5 (20.8)
	28 (25.4)
	

	Congenital Disease (n [%])
	
	0.55

	Yes
	5 (20.8)
	17 (15.5)
	

	No
	19 (79.2)
	93 (84.5)
	

	Valvular disease (n [%])
	
	0.61

	Yes
	5 (20.8)
	30 (27.3)
	

	No
	19 (79.2)
	80 (72.7)
	

	Total RBCs transfused in 24hr (median [IQR])
	7 (5-10.5)
	9 (6-12)
	0.1

	Cause of MH
	
	
	0.001

	Cardiac Surgery
	17 (70.8)
	101 (91.8)
	

	Pulmonary Surgery
	1 (4.2)
	5 (4.5)
	

	Non-Surgical Cause
	6 (25)
	4 (3.6)
	


MH= major haemorrhage; MHP= Major haemorrhage protocol; PT= Prothrombin time; APTT= activated partial thromboplastin time 







































Figure 1
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*Deceased at 30 days include patients who deceased at 24hours (n=18) and 24hrs to 30days
Figure 2
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Figure 3






Blue and green lines illustrate red blood cells: Fresh Frozen plasma ratios of 1:1 and 2:1 respectively.  
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