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Is this patient bleeding?

How do you know?



The Hateful Eight 

Pale

Clammy

Air Hunger

Venous collapse

Hypotension

Low/falling ETCO2

Tachy or bradycardia 

Altered mentation



Shock index

35 papers

N=670k patients

Sensitivity 68% (95%CI 57-76)

Specificity 84% (95%CI 79-88)
AUC 0.85 (95%CI 0.81-0.88)

Prehospital data had similar 

results

* Carsetti A, et al. Shock index as predictor of massive transfusion and mortality in patients with trauma: a systematic review 
and meta-analysis. Crit Care. 2023 Mar 5;27(1):85. doi: 10.1186/s13054-023-04386-w. 

HR/SBP



Compensatory Reserve Index

* Johnson MC, et al. Compensatory Reserve Index: Performance of A Novel Monitoring Technology to Identify the Bleeding 
Trauma Patient. Shock. 2018 Mar;49(3):295-300. doi: 10.1097/SHK.0000000000000959.
* Convertino V, et al. J Trauma Acute Care Surg. 2023 May 17. doi: 10.1097/TA.0000000000004029.



Prehospital ultrasound (E-FAST)

21 papers

N=5790 patients

Sensitivity 63% (95%CI 45-78)

Specificity 97% (95%CI 96-98)
AUC 0.97

Time - 2.7 (2.1-3.3) minutes

* Gamberini L, et al. Diagnostic accuracy for hemoperitoneum, influence on prehospital times and time-to-definitive treatment 
of prehospital FAST: A systematic review and individual participant data meta-analysis. Injury. 2023 Mar 20:S0020-
1383(23)00280-2. doi: 10.1016/j.injury.2023.03.024.



Prehospital ultrasound (E-FAST)

* Gamberini L, et al. Diagnostic accuracy for hemoperitoneum, influence on prehospital times and time-to-definitive treatment 
of prehospital FAST: A systematic review and individual participant data meta-analysis. Injury. 2023 Mar 20:S0020-
1383(23)00280-2. doi: 10.1016/j.injury.2023.03.024.



Prehospital ultrasound (E-FAST)
USE THIS SPACE FOR YOUR 
MAIN MESSAGE
Authors

The use of prehospital point of care ultrasound (POCUS) has increased recently due to improved accessibility and portability 
of devices. Availability of robust governance remains a challenge for emergency medical systems using POCUS and a barrier 
to some clinicians from using prehospital POCUS 1. 

East Anglian Air Ambulance (EAAA) is a mixed urban/rural helicopter emergency medical system (HEMS) that attends 1,800 
patients per annum; since December 2020 they have utilised a novel cloud-based solution to improve their provision of 
governance for POCUS.

EAAA utilises a system of remote review and reporting of 
on scene POCUS studies. This is performed by Senior 
HEMS clinicians working remotely using cloud-based 
software. A service level agreement specifies reporting 
within 24 hours of a study being undertaken. 

During the first 24 months, a qualitative reporting system 
was used. This changed in December 2022 to a more 
robust quantitative system that allows for individual 
clinician accuracy to be measured and system-wide 
specificity and sensitivity to be reported.

▪ 716 POCUS studies during the reporting period.

▪ 19% of EAAA missions had POCUS performed. 

▪ Diagnostic modality breakdown:

▪ Echocardiography – 54%

▪ eFAST/abdomen – 30%

▪ Lung – 14%

117 studies analysed using quantitative reporting:

▪ Sensitivity – 93%
▪ Specificity – 100% 

Gold standard: CT findings from hospital follow up if 
available or expert clinical review of POCUS images 

Use of a remote, cloud-based system has improved the 
governance of POCUS at EAAA. Further research is
required to understand whether wider implementation can 
lead to better patient outcomes across a broader 
population.

Background

Methods

Baseline data

Results
Conclusion

Improving the governance of Prehospital 
Point of Care Ultrasound (POCUS) using a 
novel cloud-based system
Jon Barratt 2, 1, 3,*, Toby Edmunds 4, 1, 5, Rob Major 4, 1, Andrew Downes 1

Contact:
Jon.Barratt@eaaa.org.uk

1    National Survey of Prehospital Care Services of United Kingdom for Use,  
  Governance and Perception of Prehospital Point of Care Ultrasound. 

       Salman Naeem et al. POCUS, 2022, https://doi.org/10.24908/pocus.v7i2.15739
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Biomarkers

* Gaessler H, et al. Prehospital predictors of the need for transfusion in patients with major trauma. Eur J Trauma Emerg Surg. 
2023 Apr;49(2):803-812. doi: 10.1007/s00068-022-02132-5.

AUROC – 0.798

When SBP 
<100mmHg and 

clinician suspicion 

of torso 

haemorrhage:

Lac AUROC – 0.87

BE AUROC – 0.87



Modelling

* Perkins ZB, Yet B, Marsden M, Glasgow S, Marsh W, Davenport R, Brohi K, Tai NRM. Early Identification of Trauma-induced 
Coagulopathy: Development and Validation of a Multivariable Risk Prediction Model. Ann Surg. 2021 Dec 1;274(6):e1119 -
e1128. doi: 10.1097/SLA.0000000000003771.

traumamodels.com



How will I assess this patient..

1. Mechanism

2. How the patient looks (incl. Hateful Eight)

3. Standard physiological variables – with time..

4. POCUS 
- Lines: venous for volume; arterial for BP / ABG

- E-FAST: bleeding / lungs-up / tamponade

5. Markers of tissue perfusion - lactate / base

6. Time / response to intervention



TXA

* CRASH-2 trial collaborators. Effects of tranexamic acid on death, vascular occlusive events, and blood transfusion in trauma 
patients with significant haemorrhage (CRASH-2): a randomised, placebo-controlled trial. Lancet. 2010 Jul 3;376(9734):23-32. 
doi: 10.1016/S0140-6736(10)60835-5





Plasma

* Moore HB, et al. Plasma-first resuscitation to treat haemorrhagic shock during emergency ground transportation in an urban 
area: a randomised trial. Lancet. 2018 Jul 28;392(10144):283-291. doi: 10.1016/S0140-6736(18)31553-8.
* Sperry JL, et al. Prehospital Plasma during Air Medical Transport in Trauma Patients at Risk for Hemorrhagic Shock. N Engl J 
Med. 2018 Jul 26;379(4):315-326. doi: 10.1056/NEJMoa1802345.



ABTS WWII transfusion data

Period Campaign Wounded Blood 
(pints)

Plasma 
(pints)

Blood 
(pints / 100 
casualties)

Plasma 
(pints / 100 
casualties)

1940-43 Middle East 63,190 10,359 41,383 16 65

1944-45 NW Europe 144,649 90,975 88,653 63 61

1943-45 SE Asia 38,678 3,325 30,224 8.5 88.5

Data from Prof. Rod Bailey, University of Oxford – reproduced with permission.



Red cells +/- plasma

Red cells
Red cells + plasma (R+P)

Red cells in plasma (RCP)

N=909 patients / six HEMS

No difference in 30-d mortality

24-hr mortality:

RCP aOR 0.69 (0.52-0.92)

R+P aOR 0.60 (0.32-1.13)

 

Red cells 
(no plasma)



RePHILL trial

Death PRBC/plasma 0.9% saline
Adjusted average 

difference
P-value

≤3-hours 32/197 (16%) 46/208 (22%)
-7% 

(-15% to 1%)
p=0.08

≤30-days 86/204 (42%) 99/219 (45%)
-4%

(-13% to 6%)
p=0.44

Are we interested 
in early survival?

* Crombie N, et al. Resuscitation with blood products in patients with trauma-related haemorrhagic shock receiving prehospital 
care (RePHILL): a multicentre, open-label, randomised, controlled, phase 3 trial. Lancet Haematol. 2022 Apr;9(4):e250-e261. 
doi: 10.1016/S2352-3026(22)00040-0



A survey to define the 
prehospital blood resuscitation 

practices of UK Air Ambulances

Ed Barnard, Laura Green, Tom Woolley
Simon Stanworth, Rebecca Cardigan, Jason Smith

2019

n=12k

n=709

92 mins

n=18

Blood component 

combinations
Air Ambulances / n (%)

Red cells + FDP 7 (36.8%)

Red cells + plasma* 6 (31.6%)

Red cells only 3 (15.8%)

FDP only 1 (5.3%)

Red cells in plasma** 1 (5.3%)

No products 1 (5.3%)

15 (79.0%) UK AAs interested to take part 

in whole blood research

+24
gastro

vascular

40
non-trauma

patients 89%
8%

obstetric
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In the cases of severe primary 

haemorrhage accompanied by 

shock, blood transfusion frequently 

produces an immediate and 

almost incredible improvement.

 



In the cases of severe primary 

haemorrhage accompanied by 

shock, blood transfusion frequently 

produces an immediate and 

almost incredible improvement.

 

The change from a pallid, 

sometimes semi-conscious patient 

with a rapid flickering pulse to a 

comparatively healthy looking 

conscious and comfortable 

patient with a slower and fuller 

pulse is dramatic evidence of the 

value of the transfused blood.





Author, country, 
year

N studies / patients & 
inclusions

Primary 
outcome

Main results Secondary outcomes

Avery, et al
UK

2020

6 / 3255
RCTs only

Civilian & military

30-d 
mortality

3 studies (n=830): two 
showed no benefit; one 

(grade of evidence very low) 
– 13% absolute reduction, 

p=0.002.

24-hr mortality – same as 30d. 
Mixed information about 

ARDS, AKI, total units 
transfused.

Crowe, et al
USA
2020

12 / 8431
RCT + cohort 

Civilian & military

24-hr 
mortality

5 studies (n=1161): OR 0.8 
(0.6-1.2).

In-hospital / 30-d mortality (12 
studies): OR 0.8 (0.5-1.3).

Cruciani, et al
Italy
2020

7 / 3642
RCT + cohort

Civilian & military

30-d 
mortality

7 studies (n=3642; 675 WB): 
OR 0.9 (0.6-1.3).

24-hr mortality (3 studies): OR 
0.8 (0.4-1.6). Three cohort 
studies had adjusted 30-d 
mortality: OR 0.2 (0.1-0.5). 
Mortality higher in civilian.

Ngatuvai, et al
USA
2023

16 / 
RCT + cohort

Civilian only / US only

24-hr 
mortality

2 studies (COMP v 
WB+COMP): RR 1.4 (1.1-

1.8). 5 studies (WB v COMP): 
RR 1.1 (0.7-1.7).

No diff in 30d mortality COMP 
v WB+COMP, or WB v COMP.



Author, country, 
year

N studies / patients & 
inclusions

Primary 
outcome

Main results Secondary outcomes

Avery, et al
UK

2020

6 / 3255
RCTs only

Civilian & military

30-d 
mortality

3 studies (n=830): two 
showed no benefit; one 

(grade of evidence very low) 
– 13% absolute reduction, 

p=0.002.

24-hr mortality – same as 30d. 
Mixed information about 

ARDS, AKI, total units 
transfused.

Crowe, et al
USA
2020

12 / 8431
RCT + cohort 

Civilian & military

24-hr 
mortality

5 studies (n=1161): OR 0.8 
(0.6-1.2).

In-hospital / 30-d mortality (12 
studies): OR 0.8 (0.5-1.3).

Cruciani, et al
Italy
2020

7 / 3642
RCT + cohort

Civilian & military

30-d 
mortality

7 studies (n=3642; 675 WB): 
OR 0.9 (0.6-1.3).

24-hr mortality (3 studies): OR 
0.8 (0.4-1.6). Three cohort 
studies had adjusted 30-d 
mortality: OR 0.2 (0.1-0.5). 
Mortality higher in civilian.

Ngatuvai, et al
USA
2023

16 / 
RCT + cohort

Civilian only / US only

24-hr 
mortality

2 studies (COMP v 
WB+COMP): RR 1.4 (1.1-

1.8). 5 studies (WB v COMP): 
RR 1.1 (0.7-1.7).

No diff in 30d mortality COMP 
v WB+COMP, or WB v COMP.



Whole blood – latest SR/MA

* van der Horst RA, et al. Whole blood transfusion in the treatment of acute hemorrhage, a systematic review and meta-
analysis. J Trauma Acute Care Surg. 2023 May 1. doi: 10.1097/TA.0000000000004000.

Mil + Civ
24-hr



Whole blood – latest SR/MA

* van der Horst RA, et al. Whole blood transfusion in the treatment of acute hemorrhage, a systematic review and meta-
analysis. J Trauma Acute Care Surg. 2023 May 1. doi: 10.1097/TA.0000000000004000.

Civ
24-hr



Whole blood – latest SR/MA

* van der Horst RA, et al. Whole blood transfusion in the treatment of acute hemorrhage, a systematic review and meta-
analysis. J Trauma Acute Care Surg. 2023 May 1. doi: 10.1097/TA.0000000000004000.

Mil
24-hr

No signal of survival benefit at 30-d in combined or 
separate cohorts



Calcium

* Wray JP, Bridwell RE, Schauer SG, Shackelford SA, Bebarta VS, Wright FL, Bynum J, Long B. The diamond of death: 
Hypocalcemia in trauma and resuscitation. Am J Emerg Med. 2021 Mar;41:104-109. doi: 10.1016/j.ajem.2020.12.065.
* Leech C, et al. Pre-hospital blood products and calcium replacement protocols in UK critical care services: A survey of current 
practice. Resusc Plus. 2022 Aug 5;11:100282. doi: 10.1016/j.resplu.2022.100282.



Fibrinogen

Standard MHP + Early cryo OR 0.96 

(0.75-1.23)28-d mortality 26.1% 25.3%



Prothrombin complex concentrate

Observational data only

Signal from n=4 trauma studies:

- PCC inferred mortality benefit; OR 0.64 (0.46-0.88)

- PCC group required fewer units of red cells: -3.0 (-1.9,-4.1)

4F-PCC: single retrospective propensity-matched study

- Improved survival and reduced transfusion

* van den Brink DP, et al. Effectiveness of prothrombin complex concentrate for the treatment of bleeding: A systematic review 
and meta-analysis. J Thromb Haemost. 2020 Oct;18(10):2457-2467. doi: 10.1111/jth.14991.



How will I treat this patient..

1. TXA – 2g bolus ASAP

2. Early calcium 

3. Still bleeding / dying -> WB

4. Has bled / sick OR remote / no WB -> plasma initially (any kind)

5. RCP + cold-stored platelets – maybe

6. Fibrinogen – no

7. Prothrombin complex concentrate – no (wait for TAP)
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Whole blood

N=198 WB / n=152 COMP

Controlled for: age, severity, prehosp 

vitals

WB – 53% reduction in post-ED blood 

transfusion

Survival OR 2.2 (1.0-4.8)







Research question

In patients with life-threatening haemorrhage, is 

prehospital WB transfusion better than standard care in 

improving survival and reducing the overall transfusion 

requirement at 24 hours?

Secondary questions
- Mortality and morbidity up to 30-days

- Hospital and ICU LOS
- Safety

- Health-related quality-of-life at 3 months
- Cost-effectiveness



Primary outcome

24-hour mortality or massive transfusion
(total products ≥10 units ≤24-hours)

Blood product transfusion 
≥10 units in 24 hours

24-hour survival No Yes

Alive 214 (32%) 204 (30%)

Dead 194 (29%) 61 (9%)

Baseline (from RCP) – 

composite outcome of 68%

Powered for 12% difference



Eligibility

Inclusion

- Patient (any age) requiring prehospital blood to treat 

traumatic life-threatening bleeding.

- Attended by a participating HEMS.

Exclusion

- No IV/IO access.

- Knowledge that the patient will object.



Trial design

Randomised controlled trial (RCT); 1:1

Intervention – two units of whole blood.

Control – two units of red cells and two units of plasma.

Unblinded

N of patients required: 848 / two years
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