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Can POCUS Augment
Trauma & MASCAL Triage?

Who is survivable?

Who to transfuse?

Who needs thoracostomy?




Triage in Actual MASCALs

- Formal triage systems aren't being used
- Subjective judgment preferred
- Binary decision tree: urgent vs non-urgent, survivable vs not

Rush et al. (JSOM 2024):

Key Findings

29 real-world military
MASCALs (1996-2022)

Median of 3 providers
managing median
15 casualties

Formal triage algorithms
NOT used

e Intuitive triage categories
were the default

e Simple binary decisions:
Treat now vs. move on.

Move on

Treat now

Key lessons from Rush et al.:

Security and accountability
are cornerstones of
MASCAL management.

Casualty movement
is a priority.

Intuitive triage categories
are the default.

Life-saving interventions
are performed as time
and tactics permit.
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Triage in Actual MASCALs

- Formal triage systems aren't being used
- Subjective judgment preferred
- Binary decision tree: urgent vs non-urgent, survivable vs not
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MASCAL Triage - 2 Tier

(RAPID) TRIAGE

URGENT
*REQUIRES IMMEDIATE
LiFe SAVING INTERVENTIONS

(NON-URGENT

SECOND PASS
(DELIBERATE) TRIAGE ¢

URGENT )=’

Remley et al. (JSOM 2025)
TCCC 2026

Casualty without signs

of obvious death if ing In i
| *Control Massive
@ Hemorrhage
*Open Airway
Casualty follows *Chest Decompression
commands?

Radial pulse
present?

Delayed

Radial pulse
present?

Expectant/
Deceased

Ramp Triage



MASCAL Triage - 2 Tier
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control

» Basic airway
* Chest
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Traumatic
Circulatory Arrest

LSI’s:
 Hemorrhage control
» Basic airway
* Chest decompression

PREHOSPITAL EMERGENCY CARE
https://doi.org/10.1080/10903127.2024.2428668

Prehospital Trauma Compendium: Prehospital Management of Adults with
Traumatic Out-of-Hospital Circulatory Arrest - A Joint Position Statement and
Resource Document of NAEMSP, ACS-COT, and ACEP

l Assess patient by history and exam

* it Do this lg rith:
not use algorithm
ﬂ Evidence of TOHCA ! | > | ot 10 ACLABCLS,
Yes l
Are ANY of the following true? Yes

1. Injuries incompatible with life? (e.g. decapitation)
2. Evidence of prolonged cardiac arrest? (¢.g. decomposition)

3. DNR?
|
v

Initiate/continue resuscitation * l

> Do not initiate resuscitation l

Perform and prioritize /ife-saving interventions
(LSI’s), if clinically indicated:

1. Hemorrhage control

2. Airway management

3. Thoracostomy

‘Would transport improve this patient’s chances of = |
BT al Discontinue resuscitation attempt
4
Provide ongoing resuscitation

Transport to closest trauma center
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TCCC approach to pneumothorax

« Suspected tension pneumothorax — needle decompression

* Pulseless torso trauma casualty — bilateral needle
decompression empirically

2. Initial treatment of suspected tension pneumothorax:
S S L S B L 2.5 I 1. If the casualty has a chest seal in place, burp or remove the chest seal.

2. Establish pulse oximetry monitoring.
3. Place the casualty in the supine or recovery position unless he or she is
conscious and needs to sit up to help keep the airway clear as a result

Casualties with torso trauma or polytrauma who have no pulse or respirations during TACEVAC should have

bilateral needle decompression performed to ensure they do not have a tension pneumothorax. The of maxillofacial trauma.

procedure is the same as described in Section (4a) above, 4. Decompress the chest on the side of the injury with a 14-gauge or a
10-gauge, 3.25-inch needle/catheter unit.

CPR may be attempted during this phase of care if the casualty does not have obviously fatal wounds and will 5. If a casualty has significant torso trauma or primary blast injury and is

be arriving at a facility with a surgical capability within a short period of time. CPR should nat be done at the in traumatic cardiac arrest (no pulse, no respirations, no response to

painful stimuli, no other signs of life), decompress both sides of the

expense of compromising the mission or denying lifesaving care to other casualties. chest before discontinuing treatment.



Evidence For This Approach

1. Boever et al. (Injury 2025, n=214) Level 1 Trauma Centers:
55% triggered by subjective "absent breath sounds" alone

Only 30% overall response rate
14% complication rate

2. Muchnok et al. (JAMASurg 2022, n=8,469) prehospital trauma

Needle decompression infrequently performed (0.2-0.5% of patients)
Wide variation in decompression rates among EMS agencies

3. Talmy et al. (Transfusion 2025, n=224) IDF Trauma Registry
Only 1.3% showed vital sign improvement after decompression
0 survivors among patients with traumatic circulatory arrest

15% did not meet IDF criteria for the procedure



Evidence For This Approach

1. Boever et al. (2025, n=214) Level 1 Trauma Centers:
55% triggered by subjective "absent breath sounds" alone

Only 30% overall response rate
14% complication rate

2. Muchnok et al. (JAMASurg 2022, n=8,469) prehospital trauma

Needle decompression infrequently performed (0.2-0.5% of patients)
Wide variation in decompression rates among EMS agencies

3. Talmy et al. (Transfusion 2025, n=224) IDF Trauma Registry
Only 1.3% showed vital sign improvement after decompression
0 survivors among patients with traumatic circulatory arrest

15% did not meet IDF criteria for the procedure

Conclusion: We are performing procedures on patients who don’t need them, and missing those who do



The Bigger Problem: No Objective Tool

Blood products must go to salvageable
casualties

Thoracostomy should only be performed when
truly necessary

Rush et al.: “formal systems are too complex”
but the current alternative (subjective
judgment + blanket interventions) wastes
resources and causes harm

Shackelford et al. (J Trauma 2022): “massive
casualty triage has changed little in 200
years”; a modified approach is needed for large-
scale combat operations

2 J Trauma Acute Care Surg. 2022 Aug 1;93(25 Suppl 1):5160-5164.
doi: 10.1097/TA.0000000000003699. Epub 2022 May 23,

Evidence-based principles of time, triage and
treatment: Refining the initial medical response tc

massive casualty incidents

Stacy A Shackelford 1 Michael A Remley, Sean Keenan, Russ S Kotwal, Jay B Baker,
Jennifer Gurney, Stephen Rush, Paul Friedrichs

Affiliations + expand
PMID: 355683968 DOI: 10.1097/TA.0000000000003699




Limitations of Current Triage

Vernon et al., Mil Med 2024

12,268 combat casualties

Vital sign-based triage tools predict 24-hour mortality & massive
transfusion, AUROC 0.83-0.91

none distinguish beating heart from cardiac standstill in pulseless patient

Conclusions:

1. Subjective clinical judgment alone is insufficient
2. No objective tool to distinguish salvageable vs. non-survivable in the field

3. Objective, rapid, field-deployable diagnostic tool could improve triage



MASCAL Triage - Role for POCUS?

MASCAL

Manage the Incident

Security and safety Move, Treat, and Transport TRIAGE
Resources: tactical, medical, STABLE / UNSTABLE / DEAD

evacuation (Repeat in all phases)
Maintain accountability

MOVE TREAT TRANSPORT
Out of Danger as Able to Higher Level of Care

| A

0

*  Move directly to higher level of * Direct self-aid/buddy-aid or * Secure medical interventions,
care if situation/resources allow perform document where possible, and

*  Find/move UNSTABLE casualties . package the patient
first or move all live casualties at * Reserve other treatments in * Evacuate UNSTABLE patients first!
same time if time & tactics do not the CCP if evacuation is *  Optimize load plans
permit field triage delayed *  Utilize CASEVAC as much as

possible when MEDEVAC is limited

Rush et al. (JSOM 2024)



MASCAL Triage - Role for POCUS?

Phase lll: Resuscitate,

MASCAL Package Casualties, Set
e braslotty Move, Treat, and Transport TRIAGE Conditions for Evacuation

. i f
pocuntyand sty STABLE / UNSTABLE / DEAD

* Resources: tactical, medical,
evacuation (Repeat in all phases)
* Maintain accountability

Make rapid decisions on
MOVE TREAT TRANSPORT . . . .
Out of Danger as Able to Higher Level of Care apprOprlate dIStrlbUthn Of
W “ A medical support and
- supplies. The appropriate
Teuu'e . . .
distribution of these
| neifstutinfmormsiion | pamtite " dommentwhera posibis and supplies and choosing

*  Find/move UNSTABLE casualties * Treatment focused on LSIs package the patient . . .
first or move all live casualties at * Reserve other treatments in *  Evacuate UNSTABLE patients first! h h I t h h
same time if time & tactics do not the CCP if evacuation is *  Optimize load plans W I C Ca S u a I eS O n W I C
permit field triage delayed * Utilize CASEVAC as much as

possible when MEDEVAC is limited ‘to use them |S Cr|t|Ca| to
Rush et al. (JSOM 2024) "doing the most good for
the most people”.



Two-pass System with POCUS

First Pass Second Pass
« MARCH framework

* Binary: urgent vs non-urgent

* For urgent
« POCUS protocol:

Three binary questions

1. Cardiac motion? — blood

2. Tamponade? — EDT

3. Pneumothorax? —
decompression

(RAPID) TRIAGE
URGENT

(NON-URGENT
SECOND PASS

(DELIBERATE) TRIAGE .o:

URGENT )=*®




Rapid 3-View POCUS Triage Protocol

3 views: parasternal long axis, subxiphoid, bilateral apical lung

3 3

1 Parasternal
2 - :
Subxiphoid 3

4

L A

3 key decision points:

1) Cardiac motion present?
2) Pericardial effusion/tamponade?
3) Pneumothorax?

4 ) »

Target: <30 seconds to complet




Cardiac
Standstill as a
Prognostic
Marker

162 pulseless patients

Survival:

« 23.5% with cardiac motion

« 1.9% without cardiac motion
« 0% no US motion + no EKG

PULSELESS TRAUMA PATIENTS WITHEKG AND ULTRASOUND

162 Pulseless Patients

Electrical

activity on EKG ‘/

(71)

Cardiac
Motion
(17)

/\

No cardiac
Motion
(54)

[\

Survived

(4)

Died
(13)

N

No electrical

activity on EKG

(91)

Cardiac
Motion

(3)

/ N\

No cardiac
Motion

(88)

[\

Survived

(2)

Died
(1)

Survived
(1)

Died
(53)

Died
(88)

Cureton et al, J Trauma 2012




Cardiac
Standstill as a
Prognostic
Marker

All survivors had electrical activity,
cardiac motion, or both

100% of patients without cardiac
motion and electrical activity died

1 patient survived to discharge:
« Pulseless, +EKG, no US
« Brachial artery injury
« Resuscitated, injury repaired

PULSELESS TRAUMA PATIENTS WITHEKG AND ULTRASOUND

162 Pulseless Patients

Electrical
activity on EKG

/

(71)

Cardiac
Motion
(17)

[\

/\

No cardiac
Motion
(54)

Survived
(4)

Died
(13)

N

No electrical

activity on EKG

(91)

Survived Died
(1) (53)

Cardiac / \ No cardiac
Motion Motion
(3) (88)
Survived Died
(2) (1)
Survived Died
(0) (88)

Cureton et al, J Trauma 2012




FAST Ultrasound Examination as a Predictor of Outcomes After
Resuscitative Thoracotomy

FAST dn d A Prospective Evaluation
Re s u s c i tat i ve Kenji Inaba, MD,* Konstantinos Chouliaras, MD,* Scott Zakaluzny, MD,* Stuart Swadron, MD,}

Annals of Surgery * Volume 262, Number 3, September 2015
Thoracotomy

[ Resuscitative Thoracotomy ]

n=223
)[ No FAST ]
n=36
« FAST sensitivity 100%, NPV X
100% for identifying survivors of [ e ks ey ] " =
EDT s [ Sur'v‘wurs ] [ Ex;inred ]
=0 n=36

« All survivors had cardiac motion /&\)
on US

survivors ( Organ Donors ) Expired
« 0% survival with no cardiac | n =6 (3.2%) =3 (1.6%) ) n = 178 (95.2%)

motion P

FAST + FAST - FAST + FAST ~ FAST -
n=3 n=0 n=60 n=7 n=111

L




Contents lists available at ScienceDirect
RESUSCITAT Ili'l.'\\.iI

Resuscitation

journal homepage: www.elsevier.com/locate/resuscitation -

Clinical paper

Outcomes following military traumatic cardiorespiratory arrest: A prospective
observational study*

Nicholas T. Tarmey?:*, Claire L. Park?, Oliver ]. Bartels?, Thomas C. Konig?,
Peter F. Mahoney?, Adrian J. Mellor®

* Department of Military Anaesthesia and Critical Care, Royal Centre for Defence Medicine, Birmingham Research Park, Vincent Drive, Edgbaston,
Birmingham B15 250, United Kingdom
b Minisiry of Deferce Hospital Unit Northallerton, MDHU Northallerton, Friarage Hospital, Northallerten, North Yorkshire DL 1]C, United Kingdom

2 Years in Helmand . . .
Factors associated with survival:

Witnessed arrest in transport
Electrical activity on EKG
Cardiac motion on US

54 patients in Trauma Arrest

4 neuro intact survivors (8%)

All suffered massive exsanguination
All survivors had cardiac activity on ECHO

None of the patients in asystole survived




Card/ED ECHO
P4-1c/|geRi g

Hemorrhagic Shock
Decision Algorithm

- No pulse + cardiac motion on
POCUS — blood + prioritize
evacuation

- No pulse + no cardiac activity —
expectant/move to next patient




Tamponade Standstill



Summary: How POCUS Can Change Triage

Current triage:
may lead to unnecessary procedures
misses potential survivors

POCUS triage:
Cardiac activity = prioritized resources (blood) + best hope for survival

- Asystole = non-survivable -> conserve resources
Lung slide = no pneumothorax -> no procedure

- Asystole + pericardial tamponade = ?salvageable if EDT available



TRAINING, IMPLEMENTATION FUTURE
How Do We Get There?

Two parallel training pathways
1) SOF (MAX POCUS)
2) Civilian EMS (New Orleans)

"Can non-physician providers learn this rapidly and perform it accurately?”
- The Naysayers

YESYOUCAN! |



Motion Augmented eXperience (MAX)

POCUS

HOW MAX WORKS i O
Bs > & il > S

MOTION SENSOR DATA CAPTURE ANALYSIS FEEDBACK COMPETENCY

Tracks probe & hand Collects millions of Computes Economy Provides objective,  Enables measurable
movement in real time motion data points of Motion (Z-score) real-time feedback skill improvement

-
-
e
-
"
.
-
-
" -

Figure 4: / ultrasound probe with motion sensor attached.
B. Motion sensor on dorsum of hand to track procedural skills. C. Data acquisition software captures
millions of data points per minute. D. 3D graph of path length for apical 4 chamber view illustrates probe
motion in 3D.

Daher, et al. Anesthesia & Analgesia 2024

WHY IT MATTERS
= Novel training methodology combining
~/motion tracking + ultrasound

)\ Real-time feedback on probe movement
" and scanning technique

~\ Evidence: simulation-based training with
Z/ feedback has effect size of 0.74 for
procedural skills

~\ Structured program design enables

" objective competency assessment

~)\ Keyinnovation: Economy of Motion
-/ Z-score provides quantifiable
performance benchmarks

~)\ Addresses gap in POCUS training where
/ traditional number-based benchmarks
are insufficient

HENRY
FORD
HEALTH



Path Length- Gross Motor Movement
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SOF Medic Study Design F'EEEH

| HEALTH
r STUDY DESIGN
Retrospective Analysis

Lung Apex (IRB Approved)

3 3 / \

N EXPERT COHORT
TRAINEE COHORT (Gold Standard Baseline)

1 Parasternal

2

Subxiphoid « 36 SOF Medics o
: g . » 12 Practicing Experts
72 Warmed-Up Trials + 19 Practiced Trials
EVALUATION METRICS

* Procedural Time
» Composite ‘Economy of Motion' Z-Score
(Aggregating Time, Path Length, Rotations, TM)

A

COMPETENCY THRESHOLDS
(Relative to Expert Mean)

« Strict Competency: < +1.0 SD
+ Acceptable Competency: < +2.0 SD



00:00:00



Number of Trials

FOCUSED 3-VIEW POCUS IN MASS CASUALTY EVENTS

Can medics rapidly identify life-threatening conditions within 30 seconds?

10 ~ : [ Expert Trials (n=72)
: 1 Trainee Trials (n=72)
| - == Strict Competency (+1SD)
8 4 L~ ; -~ « Acceptable (+2 SD)
i l
6 - / :
J |
: 80.6% met
v : strict competency
4 - / . E (£1SD)
N
o)
L
B N\
\ . { " —
T B -
L1
-0.5 0 0.5 1.0 15 20 25

Composite Z-Score (Lower is better)

*  Consistent with literature showing paramedics can learn POCUS

in 4—13 hours of structured training

Procedural Time
Trainees under 30 s

28.7 s

(p=0.297)

s

Strict Competency
(< +1.0 SD)

80.6%

v

~

[
Acceptable Competency
(< +2.05D)

98.6%

v

~




Prospective Testing vs Predicted

Metric Original Trainee Approx (n=72)Mean (SD) Actual Trainee Day 5 (n=10)Mean (SD) P-Value (MWU)

Time (seconds) 27.8 (11.2) 25.1 (4.9) 0.739 (No
difference)

Starts/Stops (Accels/TM) 65.4 (23.3) 56.3 (14.7) 0.281 (No
difference)

Path Length 622.4 (420.7) 564.4 (115.3) 0.605 (No
difference)

Rotations 2878.4° (1291.8) 3562.1° (1391.0) 0.128 (Mo
difference)

* Primary finding: 27.8 s predicted vs 25.1 s % No Difference between any predicted metric and
Actual exam time the actual metrics

o Can model different exam sequences
* SOF medics achieved 30 second target for

complete exam in prospective trials % Preliminary Results, Data Collection ongoing



New Orleans EMS Experience

* Program started 2023
* 4-hour training program
« 50+ Paramedic/AEMTs trained

« Curriculum progression: Lung — Cardiac —
EFAST

* Less training time than SOF pathway, yet
successful field implementation




Civilian EMS experience

* Field Identification
- Pneumothorax
- Hemothorax
- Cardiac motion
- Hemopericardium
- Abdominal/Pelvic Free Fluid
- Doppler pulse after reduction of pulseless extremity

* 8-hour simulation-based POCUS course improved EMS provider knowledge
scores from 67.6% to 89.0%

* 4-hour hands-on curriculum with microlearning adjunct improved scores from
46% to 78%



Diagnostic Accuracy: NOEMS QA Data

Sfa'l's 7 All user groups = All authors ~ Date range - All exam types « All worksheets - All archives - Export »

Performance indicators

1,678 ~m 1,421 3.4

Total exams i Total QA'ed exams Average image

\ v quality
6% In draft - o 100% Have a worksheet

Pending aftestation
Clinical insights ©

132 233

True negatives True positives 3

Technically

35 14 limited studies

False negatives False positives

Overall diagnostic accuracy: 87.9% sensitive, 90.4% specific




Evidence

Home > Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine > Article

Feasibility and diagnostic accuracy of
paramedic-performed prehospital point-

of-care ultrasound: aretrospective
observational study

Research | Open access | Published: 28 March 2026

Volume 34, article number 68, (2026) Cite this article Scandinavian ournal of Trauma,

Resuscitation and Emergency Medicine

Boehm, et al

« Evaluation of paramedic-performed POCUS exams

» Diagnostic Accuracy- 89.7% sensitive, 92.7% specific
« Lung- 91% sensitive, 100% specific

« EFAST-100% sensitive, 96.5% specific

* Frequently resulted in change in clinical decsions



Clinical Impact: Putting It All Together

« Operational workflow recap:

*

> First pass: MARCH — standard life-saving interventions

> Second pass: POCUS protocol — cardiac motion? — pericardial
effusion? — pneumothorax? — treatment decisions based on
findings

+ Direct scarce resources (blood products) go to salvageable casualties
with objective data

+ Prevent unnecessary interventions

< Prioritize casualties who will survive



Conclusions

1. Rapid POCUS protocol is feasible and trainable for both SOF and civilian paramedics

2. SOF medics achieve expert-level speed AND technical competency
3. Civilian paramedics achieve ~90% sensitivity in real-world and external validation data
4. POCUS provides objective triage data that current TCCC practice lacks:

a. Cardiac activity — prioritize resources and blood products

b. Cardiac standstill without tamponade — expectant/conserve resources

c. Cardiac standstill with pericardial tamponade — EDT if available (the only potentially
survivable asystole scenario)



Bottom Line

"Salvage the Survivable"

POCUS offers medics an objective
tool to make key decisions in <30
seconds
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