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Background: Prehospital Transfusion
• Improves survival in hemorrhagic shock through earlier hemostatic 

resuscitation and shortened time to first transfusion.
• Integral to the chain of survival for hemorrhagic shock.

Wend CM, Levy MJ, O'Byrne H, Jenkins D, Krohmer JR, Holcomb JB. Rethinking the hemorrhagic shock chain of survival: 
The role, importance, and impact of prehospital blood administration. Transfusion. 2026 Jan 22. doi: 10.1111/trf.70082. 
PMID: 41568435.



The Problem

• Broad diversity in data collection and outcomes definitions across 
EMS transfusion programs.

• Limits comparability, benchmarking, QI, and multicenter research.
• Threatens ability to demonstrate efficacy, secure funding, & optimize 

protocols.



The Need
• Standardization of common elements and definitions amongst broad 

and diverse EMS systems.
• Universal definitions for outcomes, survival and metrics
• A basis for comparison & form the basis to establish a robust evidence 

base.
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Study Objective

• Develop consensus-driven data elements for consistent and 
standardized reporting across EMS transfusion programs.



SEMSTAR

• The first national, consensus-driven framework for standardized data 
collection and outcome reporting in prehospital transfusion programs.

• Emphasize impact on benchmarking, QI, and research 
• SEMSTAR addresses both “what to measure” and “how to measure it” 

uniformly. 

SEMSTAR
Prehospital Metrics for Survival in Transfusion and 
Advanced Resuscitation 



Methods Overview
• Modified Delphi methodology with three rounds and 

predefined thresholds.
• Surveys via Qualtrics; SAS used for analysis; IRB 

exempt approval. 
• 5-point Likert scale ranging from “extremely 

important” to “not important at all.” 
• Round 1: Open EMS system survey (one response 

per system)
• Rounds 2–3: SME voting and classification.

• 28 subject-matter experts (EMS, trauma, transfusion 
medicine, resuscitation).



28 Member Expert Panel

• Broad representation to ensure 
generalizability EMS systems

• Panel eligibility (one or more of the 
following):
• Direct experience with the implementation of 

a prehospital transfusion program;
• Direct clinical experience with prehospital 

transfusion; 
• Multiple publications on prehospital 

transfusion; or 
• Expertise in prehospital damage-control 

resuscitation.

Primary EMS System Role n

EMS Medical Director/Chief Medical Officer 7 

Trauma Surgeon & Critical Care Physician 4

Researcher 3

EMS Program Analyst 3

EMS Agency Blood Program Manager  2 

EMS Associate/Assistant Medical Director 2 

EMS Department Chief 2 

Emergency Physician (Non-EMS) 2

EMS Operations Chief 1

Operational EMS Physician 1

EMS Quality Improvement Specialist 1
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Delphi Rounds & Thresholds 

• Round 1: Advance if ≥50% rate “moderately important” or higher.
• Round 2: Advance if ≥75% SMEs rate “moderately important” or 

higher.
• Round 3: Core vs expanded classification at ≥75%; standardized 

definitions accepted at ≥85%
• Panelists could propose revisions to definitions in Round 3 if they 

disagreed



Results Summary

• Initial survey: 208 elements; responses from 89 EMS systems.
• 193 elements advanced; 168 achieved consensus.
• Final classification: 86 core and 82 expanded elements.
• Consensus on standardized survival and circulatory collapse 

definitions.



Framework Structure

• 86 core metrics: Universal reporting for all prehospital transfusion programs.

• 82 expanded metrics: Deeper analysis and research; a secondary priority 
after core metrics are obtained.
• i.e. implement the core metrics, then expand as resources permit. 

• Leveraging Existing Data Systems 
• 100 elements sourced from NEMSIS v3.5.
• 30 elements from trauma registries.
• 38 elements (11 core, 17 expanded) require manual entry



SEMSTAR Core Metrics & Source Data
Metr ic Name Source Data Elem ent

Patient weight (kg)
NEMSIS/NT
DS

eEx am.01, Initial ED/Hospital Weight

Incident date
NEMSIS/ITD
X

eTimes.03/ Injury Incident Date

Incident tim e (NEMSIS categori es ) NEMSIS eTimes.*

Duration of on-scene time NEMSIS eTimes.09 - eTimes.06

Tim e blood product transfusion started NEMSIS eMedications.01 or eProcedures.01

Tim e blood product transfusion com pleted
Manual 
Entry

Incident locati on (N EMSIS categories) NEMSIS eScene.09

Patient com orbi di ties - Acute alcohol use
NEMSIS/NT
DS

eHist ory.17/Alcohol Screen Results

Caus e of bleeding - GI bleed NEMSIS eInjury.01

Caus e of bleeding - Vag inal bleed NOS NEMSIS eSit uation.11, eSituation.12

Caus e of bleeding - Per ipartum  hemorrhage NEMSIS eSit uation.11, eSituation.12

Caus e of bleeding - Vas cular access  device (e.g. fistula) NEMSIS eInjury.01

Caus e of bleeding - Other m edi cal cause NEMSIS eSit uation.11, eSituation.12

Caus e of bleeding - Shooting victim NEMSIS eInjury.01

Caus e of bleeding - Stabbing  or slas hing victim NEMSIS eInjury.01

Caus e of bleeding - Blast or shrapnel NEMSIS eInjury.01

Caus e of bleeding - MVC v icti m NEMSIS eInjury.01

Caus e of bleeding - Fall NEMSIS eInjury.01

Caus e of bleeding - As sault NEMSIS eInjury.01

Caus e of bleeding - Pedestri an struck by  auto NEMSIS eInjury.01

Cardi ac arrest - Witnessed or  unwi tness ed NEMSIS eArrest.04

Cardi ac arrest - Witnessed by EMS pers onnel NEMSIS eArrest.04

Prehos pital i nterv entions - Extremity  TQ NEMSIS eProcedures.03

Prehos pital i nterv entions - Juncti onal TQ NEMSIS eProcedures.03

Prehos pital i nterv entions - Pressure dres sing NEMSIS eProcedures.03

Prehos pital i nterv entions - Hemostatic dressi ng NEMSIS eProcedures.03

Prehos pital i nterv entions - Pelvic bi nder NEMSIS eProcedures.03

Prehos pital i nterv entions - Supplemental oxyg en NEMSIS eProcedures.03/eMedicat ions.03

Prehos pital i nterv entions - Open or finger thoracostom y NEMSIS eProcedures.08

Air way m anagement - Patient protecti ng ow n airw ay
Manual 
Entry

Air way m anagement - Endotracheal intubation NEMSIS eProcedures.03

Pre-treatm ent vital sig ns - Ini ti al hear t rate NEMSIS eVitals.10

Pre-treatm ent vital sig ns - Proxim ate hear t rate (i mm ediately before 
blood given)

NEMSIS eVitals.10

Pre-treatm ent vital sig ns - Ini ti al blood pressure NEMSIS eVitals.06, eVit als.07

Pre-treatm ent vital sig ns - Proxim ate blood pressure (immediately 
before blood pr given) NEMSIS eVitals.06, eVit als.07

Pre-treatm ent vital sig ns - Unable to obtai n blood pressure NEMSIS eVitals.06, eVit als.07

Pre-treatm ent vital sig ns - BP obtained manually NEMSIS eVitals.08

Pre-treatm ent vital sig ns - Ini ti al Shock Index NEMSIS eVitals.10/eVitals.06

Pre-treatm ent vital sig ns - Proxim ate Shock Index (immediately before 
blood pr given) NEMSIS eVitals.10/eVitals.06

Pre-treatm ent vital sig ns - Respirator y rate NEMSIS eVitals.14

Pre-treatm ent vital sig ns - Pulse oxim etry NEMSIS eVitals.12

Pre-treatm ent vital sig ns - End ti dal CO2 NEMSIS eVitals.16

Post-treatm ent vital sig ns - Proxim ate hear t rate (first set of  VS  obtained 
after blood given) NEMSIS eVitals.10

Post-treatm ent vital sig ns - Fi nal heart rate at hospital hand-off NEMSIS eVitals.10

Post-treatm ent vital sig ns - Proxim ate blood pressure (first VS  obtained 
after blood given) NEMSIS eVitals.06, eVit als.07

Post-treatm ent vital sig ns - Unable to obtai n blood pressure NEMSIS eVitals.06, eVit als.07

Post-treatm ent vital sig ns - BP obtained manually NEMSIS eVitals.08

Post-treatm ent vital sig ns - BP obtained us ing autom ated cuff NEMSIS eVitals.08

Post-treatm ent vital sig ns - Fi nal blood pres sure at hos pital hand-off NEMSIS eVitals.06, eVit als.07

Post-treatm ent vital sig ns - Shock Index at hospital hand-off NEMSIS eVitals.10/eVitals.06

Post-treatm ent vital sig ns - Pulse oxim etry NEMSIS eVitals.12

Blood product given - LTOWB NEMSIS eMedications.03

Blood product given - O neg  w hole blood NEMSIS eMedications.03

Blood product given - pRBC NEMSIS eMedications.03

Blood product given - Li qui d plasm a NEMSIS eMedications.03

Blood product given - Dried plas ma NEMSIS eMedications.03

Blood product given - Cryoprecipi tate NEMSIS eMedications.03

Blood product given - Platelets NEMSIS eMedications.03

Route of admi nistrati on, quantity admi nistered - IV  <18 g NEMSIS
eMedications.04, eMedications.05, 
eMedications.06, eProcedures.03, 
eProcedures.04

Route of admi nistrati on, quantity admi nistered - IV  ≥18 g NEMSIS
eMedications.04, eMedications.05, 
eMedications.06, eProcedures.03, 
eProcedures.04

Additional medications gi ven - TXA NEMSIS eMedications.03

Additional medications gi ven - Calci um  gluconate NEMSIS eMedications.03

Additional medications gi ven - Calci um  chlori de NEMSIS eMedications.03

Hospital clinical m etrics  - hCG quantitative Manual Entry

Hospital clinical m etrics  - Additional blood products  recei ved in first 
4 hours

NTDS
Packed  Red Blood Cells (4 Hours), Whole 
Blood (4 Hours), Transfusion Plasma (4 Ho urs), 
Transfusion Platelets (4 Hou rs), 
Cryoprecipitate (4 Hou rs)

Hospital interventions - Operative inter vention for  hemorrhage 
control

NTDS Surgery for Hemorrhage Control Type

Outcom e - Alive at hos pi tal arrival NEMSIS/NTDS
eOut come.01, eOutcome.02/ ED 
Discharge Disposition, Hospital 
Discharge Disposition

Outcom e - Alive at 6 hours  after  hospital arrival Manual Entry

Outcom e - Alive at 12 hours after hospital arri val Manual Entry

Outcom e - Alive at 72 hours after hospital arri val Manual Entry

Outcom e - Alive at 30 days after hos pital arriv al Manual Entry

Outcom e - Patient neurolog ical outcome Manual Entry

ED di sposition - OR NTDS ED Discharge Disposition

ED di sposition - ICU NTDS ED Discharge Disposition

ED di sposition - Stepdow n unit NTDS ED Discharge Disposition

ED di sposition - Floor NTDS ED Discharge Disposition

ED di sposition - Transferred NTDS ED Discharge Disposition

Hospital dispos ition - Home NTDS
ED Discharge Disposition, Hospital 
Discharge Disposition

Hospital dispos ition - Morgue NTDS
ED Discharge Disposition, Hospital 
Discharge Disposition

Caus e of death - Date/tim e of death Manual Entry

Caus e of death attri buted to hemorrhage Manual Entry

Inj ur y Severity  Score (ISS) hig hest value - Head ITDX
ISS Body R egion, Locally Calculated 
ISS

Inj ur y Severity  Score (ISS) hig hest value - Neck ITDX
ISS Body R egion, Locally Calculated 
ISS

Inj ur y Severity  Score (ISS) hig hest value - Ches t ITDX
ISS Body R egion, Locally Calculated 
ISS

Inj ur y Severity  Score (ISS) hig hest value - Abdomen ITDX
ISS Body R egion, Locally Calculated 
ISS

Evidence of trans fus ion reaction in fi rst 24 hours - (Yes  or no) Manual Entry



SEMSTAR Expanded Metrics & Source Data
Metr ic Name Source Data Elem ent

Patient age NEMSIS/NTDS ePatient .15, ePatient.16/Age, A ge Unit s

Patient biologi c sex at birth NEMSIS/NTDS ePatient .25/Sex

EMS agency NEMSIS eResponse.02

Patient com orbi di ties - Alcohol dependence, s ev ere NEMSIS/NTDS eHist ory.08/Pre-existing conditions

Patient com orbi di ties - Acute substance us e NEMSIS/NTDS eHist ory.08/Pre-existing conditions

Patient com orbi di ties - Anticoagulation NEMSIS/NTDS eHist ory.12/Pre-existing conditions

Patient com orbi di ties - Antiplatelet us e NEMSIS/NTDS eHist ory.12/Pre-existing conditions

Caus e of bleeding - Medi cal/chronic w ound Manual Entry

Cardi ac arrest - Bystander CPR initi ated NEMSIS eArrest.20

Ini ti al cardi ac rhythm  - Asy stole NEMSIS eVitals.03, eArrest.11

Ini ti al cardi ac rhythm  - Wide complex PEA or P EA  <40 bpm NEMSIS eVitals.03, eArrest.12

Ini ti al cardi ac rhythm  - Narrow com plex  PEA or PEA >40 bpm NEMSIS eVitals.03, eArrest.13

Ini ti al cardi ac rhythm  - Ventri cular fibrillati on NEMSIS eVitals.03, eArrest.14

Ini ti al cardi ac rhythm  - Ventri cular tachycardia NEMSIS eVitals.03, eArrest.15

Ini ti al cardi ac rhythm  - Norm al s inus rhythm NEMSIS eVitals.03, eArrest.16

Ini ti al cardi ac rhythm  - Sinus tachycardia NEMSIS eVitals.03, eArrest.17

Ini ti al cardi ac rhythm  - Sinus bradycardia NEMSIS eVitals.03, eArrest.18

Prehos pital i nterv entions - Ches t s eal NEMSIS eProcedures.03

Prehos pital i nterv entions - Needle thoracostomy NEMSIS eProcedures.03

Air way m anagement - NIPPV NEMSIS eProcedures.04

Air way m anagement - Nonrebreather mask NEMSIS eProcedures.05

Air way m anagement - Nasal cannula NEMSIS eProcedures.06

Air way m anagement - Bag-mask ventilations NEMSIS eProcedures.07

Air way m anagement - Extrag lottic airw ay NEMSIS eProcedures.08

Pre-treatm ent vital sig ns - Hig hest heart rate NEMSIS eVitals.10

Pre-treatm ent vital sig ns - Nadi r blood pressure NEMSIS eVitals.06, eVit als.07

Pre-treatm ent vital sig ns - BP obtained us ing autom ated cuff NEMSIS eVitals.08

Post-treatm ent vital sig ns - Hig hest heart rate NEMSIS eVitals.10

Post-treatm ent vital sig ns - Nadi r blood pressure NEMSIS eVitals.06, eVit als.07

Post-treatm ent vital sig ns - Respirator y rate NEMSIS eVitals.14

Route of admi nistrati on, quantity admi nistered - IO NEMSIS eM edica tion s.04, e Medic atio ns.05 , eMed icat ions.0 6, 
eP roce dur es.03 , ePr oced ure s.04

Route of admi nistrati on, quantity admi nistered - Exis ting vas cular 
acces s (e.g., central access or dialysi s catheter) NEMSIS

eMedications.04, eMedications.05, 
eMedications.06, eProcedures.03, 
eProcedures.05

Additional medications gi ven - 4F-PCC NEMSIS eMedications.03

Additional medications gi ven - Vitami n K NEMSIS eMedications.03

Additional medications gi ven - Recom binant factor for hem ophilia NEMSIS eMedications.03

Hospital clinical m etrics  - Ini ti al hemog lobin Manual Entry

Hospital clinical m etrics  - Ini ti al i oni zed calcium Manual Entry

Hospital clinical m etrics  - Ini ti al platelets Manual Entry

Hospital clinical m etrics  - Ini ti al INR Manual Entry

Hospital clinical m etrics  - TEG Manual Entry

Hospital clinical m etrics  - Ini ti al lactate or  base deficit Manual Entry

Hospital clinical m etrics  - Blood type Manual Entry

Hospital clinical m etrics  - Rh status Manual Entry

Hospital clinical m etrics  - Antibodies Manual Entry

Hospital clinical m etrics  - hCG qualitative Manual Entry

Hospital interventions - Thoracotom y and/or s ternotomy NTDS ICD-10 Hospital Procedures

Hospital interventions - Tube or finger thoracostomy NTDS ICD-10 Hospital Procedures

Hospital interventions - Explorator y laparotom y NTDS ICD-10 Hospital Procedures

Hospital interventions - Angi ography NTDS ICD-10 Hospital Procedures

Hospital interventions - REBOA NTDS ICD-10 Hospital Procedures

Hospital interventions - Intubati on NTDS ICD-10 Hospital Procedures

Hospital interventions - ED T XA Manual Entry

Hospital interventions - AC revers al NTDS ICD-10 Hospital Procedures

Outcom e - Alive at 24 hours after hospital arri val Manual Entry

Outcom e - Discharg ed alive from  hos pi tal NEMSIS/NTDS
eOutcome.01, eOutcome.02/ E D Discharge 
Disposition, Hosp ital Discharge Dispositio n

Outcom e - ICU length of stay NTDS Total ICU Length of Stay

Hospital dispos ition - Subacute rehab NEMSIS/NTDS
eOutcome.01, eOutcome.02/ E D Discharge 
Disposition, Hosp ital Discharge Dispositio n

Hospital dispos ition - Skilled nursing facility or long term  care 
facili ty NEMSIS/NTDS

eOutcome.01, eOutcome.02/ E D Discharge 
Disposition, Hosp ital Discharge Dispositio n

Hospital dispos ition - Length of stay (days) ITDX

eTimes.11, eOutcome.16/ED -Hospital Arrival 
Date, ED - Hospital Arrival Time, E D Disch arge 
Orders Written  Date, ED Discharge Ord ers 
Written Time

Caus e of death - Days  til death after arrival to hos pital Manual Entry

Abbreviated injury scale (AIS) hi ghes t v alue - Head ITDX AIS Body Region,AIS Severity

Abbreviated injury scale (AIS) hi ghes t v alue - Face IT DX AIS B ody Region,AIS Sever ity

Abbreviated injury scale (AIS) hi ghes t v alue - Neck IT DX AIS B ody Region,AIS Sever ity

Abbreviated injury scale (AIS) hi ghes t v alue - Ches t IT DX AIS B ody Region,AIS Sever ity

Abbreviated injury scale (AIS) hi ghes t v alue - Abdomen IT DX AIS B ody Region,AIS Sever ity

Abbreviated injury scale (AIS) hi ghes t v alue - Spine IT DX AIS B ody Region,AIS Sever ity

Abbreviated injury scale (AIS) hi ghes t v alue - Upper extrem ity IT DX AIS B ody Region,AIS Sever ity

Abbreviated injury scale (AIS) hi ghes t v alue - Low er extrem ity IT DX AIS B ody Region,AIS Sever ity

Inj ur y Severity  Score (ISS) hig hest value - Face IT DX AIS B ody Region,AIS Sever ity

Evidence of trans fus ion reaction in fi rst 24 hours - Allergic reacti on Manual Entr y

Evidence of trans fus ion reaction in fi rst 24 hours - Anaphylax is Manual Entr y
Evidence of trans fus ion reaction in fi rst 24 hours - Febrile non-
hemolyti c reaction Manual Entr y
Evidence of trans fus ion reaction in fi rst 24 hours - Transfusi on-
related acute lung  inj ur y (TRA LI) Manual Entr y
Evidence of trans fus ion reaction in fi rst 24 hours - Transfusi on-
associated circulator y overload (TACO) Manual Entr y

Evidence of trans fus ion reaction in fi rst 24 hours - Infection Manual Entr y

Evidence of trans fus ion reaction in fi rst 24 hours - Fluid ov erload Manual Entr y

Evidence of trans fus ion reaction in fi rst 24 hours - Citrate tox ici ty anual Entry
Evidence of trans fus ion reaction in fi rst 24 hours - Delay to 
defi ni tive care bas ed on arrival tim e anual Entry

Evidence of trans fus ion reaction in fi rst 24 hours - Is oimm unization anual Entry

Evidence of trans fus ion reaction in fi rst 24 hours - Hemolysis anual Entry
Evidence of trans fus ion reaction in fi rst 24 hours - Harms  related to 
the m ethod of adm inistration anual Entry
Evidence of trans fus ion reaction in fi rst 24 hours - Ris k of clotting  
when Ringer's lactate soluti on com bined w ith blood anual Entry



Standardized Consensus Definitions

• Hemorrhagic Circulatory Collapse: Profound hypoperfusion due 
to life-threatening hemorrhage, with altered mental status, 
apnea/agonal respirations, and no palpable central pulse.

• Survival Following Prehospital Transfusion: survival to hospital 
arrival, 6h, 12h, 24h, 72h, and either 30 days or discharge.

• SEMSTAR Survival (excludes pretransfusion collapse): same 
endpoints, however, excluding those who had circulatory collapse 
before transfusion.



Vision & Impact 

• Foundational framework for a dedicated prehospital transfusion 
registry (akin to CARES).

• Enables nationwide benchmarking, collaborative QI, and 
evidence-based program development.

• Creating a registry that includes both medical and trauma 
etiologies.
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