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Ketelaars ef al. Crit Ultrasound ) (2018) 10:17

it ob o {SE/ TS D000 @ Critical Ultrasound Journal

REVIEW Open Access

ABCDE of prehospital ultrasonography: @
a narrative review

Rein Ketelaars'4 @, Gabby Reijnders®, Geert-Jan van Geffen %, Gert Jan Schelfer' and Nico Hoogerwerl 4

Abstract

Prehospital peint-of-care utrasound used by nonradiclaqgists in emergency medicine is gaining ground. It is feasi-
ole on-scene and during zeromedical transport and zllows health-care professicnals to detact or rule out potertial
narmful canditions. Consequently, it impacts decisicn-making in prioritizing care, selecting the best treatment, and
the most suitable transpart mode and destination. This increasing relevance of prehasgital ultrascnography is due o
advancements in ultrasound devices and related technology, and to a growing number of applications. This narra-
tive review ams to present an overview of prehospital ultrasonography literature, The focus is on civilian emergency
(rauma and non-trauma) satting. Current and potential future applications are discussed, structured according to tha
airway, breathing, circulation, dizazility, and envirenment/exposure (ABCDE] approach. Aside from diagnostic imple-
mentation and specific protocols, procedural guidance, therapeutic ultrasound, and challenges are reviewed.
Keywords: “rchospital, Ultrasoncgraphy, Diagnostic imaging, Emergency medical services, Air ambulances,
tmergency medicing, Review




Table 1 BLUE protocol profiles. Lichtenstein [39]

P¥  Profile name Location Appearance Implication/diagnosis

1 A-profile Anraror chess wal Lung sl'ding—visualizaticn of the movemant of the visceral  Normal bing surface
Fleura against the narietal pleura with respiration
Al nes—an indication of the presence of zir below the
paretal plsurg’

z B-profile Lung sliding Pulmonary edema
Lung rockets—a pattem of thrze vertical B-lines caused oy
edema in the interlobLlar sepa”
3 R-prof e No lung sicing—Iin t7e B'profils lung <liding lsahalisred by Preumon’a
the deposition of Abrin caused by pneumonia
Lung rockets
q AS=orofile Unilaresal lung rocksts—indicarive 7ar a (unilareral) PReLmonia
pneJmoniz and coes not correspand with genarzlized
Eulmonary ¢dema
5 C-profle Anteror ches: wal Anteror ung consalidation—arteriorly located, therefors Pneumonia
unlike ta be caused by hemadynamic pulmonary edema
e embal sm
6 A-profile without DV T* Lung sl'ding Normal
Al nes®
Mo DVT
A-no-V-PLA?S prohle Postero ate-al chestwall  Lung sliding Pneumonia
Al nes”
Mo DVT
F_APS"—posterolgteral alveclar and/or pleural syndrome—
pulmonary consolidation and pleural elfusion
7 A-profle with OVT Lung sliiding Pulmonary entbolism
A I ne:’;"
VT
g N-profile A or chest wal Mo lung glicing - lung sliding abelished Ey separation of the Pneumothorex when the
viscera oleura from the paretal plourz mandazory'lura point?
Al nes—an indication of the presence of air below the 5 visualize
paretal pleura®
9 A-profle wilhout DNT anc ung slhding Aslhima or COPC
na PLAPS (nuce profibke) Alines

Mo DVT



Fluid administration limited by lung sonography

(e ™ (o (= ™
§ Simple %  Lungultrasound % Lung ultrasound = Lung ultrasound
2 echacardiography .§ « Pulmenary edema? % « Lung sliding present? B This cause of shock s
@« Pericardial tamponade 8 e lungsliding present? K] s {BLUE -> A-profile) 3. remaining
iE » Pulmonary embolism § * (BLUE -> B-profile) 5 :,' » Development
e * Right ventricle o S« ->Start fluid therapy — whmm;v edzma
b4 dilatation? 2 * Look for improvement i ol ynaalc
2 S of shock D PRI
x « (BLUE -> A-profile
Lung ultrasound é develops into 8-
» Tension pneumothorax? B profile)
* Abolished :E
lungsliding? a
BLUE -> A"-profile) [ . 4],
. > A'-profile) L > lj‘:;; lj -
\. L L ( J

Fig.6 FALLS protocol Tris diagrarm is an adaplation ¢ Lthe wor< by Dr. Cichtenstein [32], Firstly, Lhis diagrem shows the Lype Cf shock the fotus is

on Sezandly, the iype of ultasound exam ration is shown. Thicdly, pessible diagroses ra consider are shawn induding their appearance in terms of
the 2_UE pretecol. 2very ceuse of shock is sequzntial y 2xcluded for expediling the diagnesis o distributive seplic] shock, FALLS MTuic adiministration
itz by lung soncgraphy, ELUE beds de lung ulurasound inemergency, BLUZ anc e A, B, anc A'piollle gre expleined i Table 1, tems 7, 2, anc &,
respectively



Disaster triage: CAVEAT protocol

Table 2 The CAVEAT protocol. Stawicki et al. [135]

Urgency Step Examination Focus on Looking for

CAVEAT pretocol
Primary assessrrent (mandatory) 1 Eva uation of the oleura Chest “reumcthorax
Corrpletz FAST examination  Andarman “emopentonedrn
Costophrenic recesses ermothorax
3 Inferior Vena Cava assessment  Calapsioility index Volume depletion
Secondeary asscasmaent (optional) 4 Lppeor ard lower extremitios  Lang bones; regicns of Major fractures eligible for more accurate
Eein, tenderness, or reduction and szakz lizatior
deformiry ractures e priontize utllization of Adicgrphic
resciLrces, or achleve aven mare arcurane
rraqe
CAVEAT scnographic evaluation of the chest, abdamen, vena cava, extremities for acute triage, FAST focused assessment with sonography for trauma
This table shows the suggested order of axaminations |n the CAVEAT protocol. Specific components may dapend an the aperatars'skill level and on the Individua
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Eatker ar al scondviodion scumal of Toumag, Recrcnmtaon cad Emwgeny Medione

12078) 2551 Scandinavian Journa! of Trauma,
hitps Sidoiang!! O 186461 3MG-D18.0512.x Resuscilabon and Emargency Madicne

The role of point of care ultrasound in @
prehospital critical care: a systematic review

Maorter Thingemenr 3edker™ '@, Lars Jacobsen™, Sorzn Steermann Rudolpn™® eng Lars Knudsen”

' Abstract

Background: I 2011, the ro ¢ of Fo nt of Care Ultrasou~d (A0CUS) was delined as cre of the too five reseach
priovites in physicon-peovided prehoso tel o tical core and future research topics were preposes: he Measibility of
prehospral FOCUS, changes in catent management induced £y *0CUS and educatior of sroviders. This systemaric
review amed o asess thege hiee epics Ly ndwding stadies caamir ng all kinds of prehospital pelionts
unc=roaing &l dnds o prehospaal FOCLS examinarions and studies =xan ning ary kind of BOCLIS ecucarion n
prehospral et ce Care providers

Methods and resubts: B 2 systemarc lireratiee search o WTDLINE, TMBAST, are Cockrans databaes. we
idenified and screened Ules and dbstracts ¢F 3264 studis publisnad from 2012 1o 207 7, Of these, £2 studies ware
read in fillt=at for asseszment of elicshiliy arc 27 stuc 25 were ultimate y incladed and aseessad for cuality by
SOM-50 chedkl sts, N2 studias cemoared peient outzome with end withou: prahospital PCCUS. Four studies o
accerizble quality demanstrated fazziblity and changes in patiznt mznagemert in trzua, Tao stodies of
accerszble quality dermansated fez:iblity and changes in patient ma-agenert in breathing difficulties. Four
studies of accentanls qua ty demonsaatad f2a: tility, cutcome 2redizton en2 changes | petient managamant n
cerdizs amest. bt also that POTUS mrav proong pausss in compressions Two stucies of zoceprable oualiny
demorsirated that srart few hoars) t2aching sessions are surficient for obtain ng sirrpls interpraarion skil's, but
not image coquisition skills. Threz stodies of acocotable que ty demonstrated that Iznger one or two day courses
including Fands-c~ training are suFiciant for leamirg ¢ mple, ut ~at advanced, image 2cqusition <lls Three
studies of accentanlz qua by demonsiated that systarratic ed scational proarerns including supeny sed

evare nations are affidert for lear=ing asvanced image acquisition kil ¢ in healthy valunteare but that mare than
50 clinical exeminglions are regquires o expetise in a dir w selling

Conclusion: Prelacaital "OCLS i ‘easible and cha~ges satiert maragement in t-auma brazthing difficuldes and
widice arrest, but it is unkeown i5 this imgroves sucomie Bxperise n POTIS reguites extensive biaining by e
sorrsinatize of heany, hends-on maining 2nd 2 substantial ameunt of ¢ nizal sxariastions - 3 laroe pam of thess
needs 1o ke supeny ied.

Keywards: Frehorpinal, Ulrasouns, Chatical a%e, Traumae, Cardiac arrssr, Drinaes, Poire of cars, Edacation,
SYITRMaLic reviaw

Trauma
Difficult breathing

Cardiac arrest



SAGE Open Medicine

Review Paper

SAGE Open Medicine
Prehospital point-of-care ultrasound: ﬁfrémizézé
A transformative technology sgepbcenfuraperrisicns

jourrals.sagepub.com!bomelsmo

®SAGE
Colton B Amaral, Daniel C Ralston and Torben K Becker

Abstract

Point-of-care ultrasound at the bedside has evolved into an essential component of emergency patient care. Current
evidence supports its use across a wide spectrum of medical and traumatic diseases in a variety of settings. The prehospital
use of ultrasound has evolved from a niche technology to impending widespread adoption across emergency medical services
systems internationally. Recent technological advances and a growing evidence base support this trend. However, concerns
regarding feasibility, education, and quality assurance must be addressed proactively. This topical review describes the history
of prehospital ultrasound, initial training needs, ongoing skill maintenance, quality assurance and improvement requirements,
available devices, and indications for prehospital ultrasound.

SAGE Open Med. 2020 doi: 10.1177/2050312120932706



Table 1. Ultrasound applications commonly used in prehospital emergency care.

Exam type

Indications

Examples of clinical use

Extended Focused Assessment with Sonography
for Trauma (eFAST)

Transthoracic echocardiography

Lung ultrasound / Bilateral Lung Ultrasound in
Emergency (BLUE) protocol*

Rapid Ultrasound in SHock (RUSH) protocol:
evaluation of pericardium, left ventricular
function, right ventricular size, inferior vena
cava, lung ultraseund, evaluation of pleural and
abdominal cavity, abdominal aorta ultrasound,
proximal deep veins of the lower extremities’

Airway

Vascular access

Musculoskeletal

Mulkci-system trauma
Respiratory distress, chest
pain, and cardiac arrest

Respiratory distress

Non-traumatic shock

Endotracheal intubation

Difficult vascular access
with non-emergent need
for intravenous fluids
Suspected fracture or
dislocation

Evaluation for free intraperitoneal fluid or
pneumothorax after blunt trauma with advanced
notification of the receiving trauma center
Termination of resuscitation in a patient with
cardiac arrest and no cardiac motion identified
after 20 mins of resuscitative efforts
Differentiation between pulmonary edema,
suspected pulmonary infection, or pneumothorax
in a patient with undifferentiated shortness of
breath and a history of congestive heart failure
and chronic obstructive pulmonary disease
Ruling in pulmonary embolism in a patient

with hypotension who is found to have right
ventricular enlargement and a deep venous
thrombosis

Confirmation of endotracheal tube placement
after prehospital rapid sequence intubation
Placement of an ultrasound-guided peripheral
intravenous catheter

Diagnosis of radius fracture in a wilderness
medical environment

SAGE Open Med. 2020 doi: 10.1177/2050312120932706
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Prehospital portable ultrasound for safe oxi

and accurate prehospital needle thoracostomy:
a pilot educational study

Zachéry E.BDowar @, Stephanic Ka 7, Cameror Bogers”, Alexis Oronel o', Andrew August ne',
Ankitha Femula’ ard Christopher L Berry'®

Abstract

Background: Simulated neac & tharacostermy (NT) using « wascund may red uce octential injury, inC#ase accuracy,
andd hee o rapicd to pes oem s thes tracition: . Bneepark e hniguae illeasine o b el edocat anz seasinn. Do ab:je: tive
was 1o catermine if e use of an educaticral s23si0n cemonstrating the use of handheld u Tascand to Zm2cency
Mex: Cal Services [PRS) <l D Late N avas Broth Tsadbale cned e edlo tive way ol ingrecsieg thie walely and ef -
czzy of tds procedur2 for rural ENS prowiders.

Methods: A res/nost-educatianal intenention on a comenience sample of rural varth Amer can EMS paramedics
and nurses. Measurevent of lecancn and estimated cepth of placamrent of need|= tharzcastomy wth traditeonal
lendmark edknique was completad and then repezzad using hardhe'd ulrascurd following ataining sessior on
thecacie v iraw s ad cocec s placement of N

Results: A tatal of S0 EMS practit anzrs particpated. seven wer= female (£3.3%) Thare was a nicher frequency of
dangerous structures uncerlyiedg the dhosen location w th the lene mark tochnic e G0 (15%) conpared o the
ultrésourd t2chnigua 1750 (1. /%) (e =0 08). M2an ame-to-ste-selection far the ancwark technique was shorter
than the ultrasoune technicoe o2 107 sQano> 335 €55)ws 1995 (once 72 50 ) respecively (p <0007 Thoe was
a lowver progortior of conect kocaton salect on for the anamar< technique <0700 (66 /16) when congarsd to the
ultresourd tzchnigu2 57,60 135%) p=0019), Witn ultrascund, Frere wa:z less varlznoe batweern the 2stimated and
meask ec depth of the pleural space with a mean difference of 0033 ¢m [rage X-C.5 cm) when ultrascund was used
gs compared to a m2an differerce of 10375 ¢ {range C-6 om) for the landmz k tecnique (95% Clfoe the difference
075«1.27 <y ps 0021

Conclusions: Teacwrg ultrascund NT was feasibia in cur cohort While time-to-57e-5¢ 2ction for ultrascund-cunded
NT taok loeqgoe an the landmiasek technigoe, itincrrasoed sale ond acourate simulated NT placement w th fewa den
tifiec octential iatrogenic Mjuries,

Keywords: Frisumaothares, Terzion preumaothoras. Emergency mec 2al zenvices, Peint-of care sltrazaund, Traume,
Mecdle decornpeessioe, Necdle thorcos cow, POCLS




Recommended Thoracostomy
Landmarks

Landmark — Dangerously Misplaced @
Thoracostomy Locations

Ultrasound — Dangerously Misplaced o
Thoracostomy Locations

Table 2 Dutcome measuraments by the use ¢ ultrasound &3 comparad tc the 'ancmark technique

Ultrasound (n = 60) Landmark (n=60) ]
Dancerous undelying structure “/A0 (1 7) 62 (15%) 0008
Time ¢ completion, 5
Mean (S13) GG {106h) 10207 1) < 000
Median (rarge) "717.3-50) 9.271335-43)
Corect placameant® 51/6C 185%) 40750 166.7%%) 0016

“Defined as in the correct interspace and midline location specified for the attemp:



Reuter et al. The Vuasound Jourmal - (2023) 15:20 The Ultrasound Journal
https://dol.org/10.1186/513085-023-00315-8

Detecting cervical esophagus B
with ultrasound on healthy voluntaries: learning
curve

Saul-Gearges Reuter! 4@, Chris Ballouz®, Thomas | oeb?, Tomislav Petrovic® and Frédéric | apostolle®

| Abstract

Background [he abjective of this stucy was ta dotarming 2 learning curve of trracheal—esephageal Cltrasonnd by
prehaspilal medicsl and paramedica’ stall,

Methods A single-center prospective stucy was carried cut at a French EMS (SAMJ 52). Volunteer participants first
raceivec g short theoreticzl train ing through e-learning, followed by two separzte hands-on workshops on healthy
volunteesrs, spatec ¢ne to two mortns goart. Learrzrs war2 t med to okta n the tracheal-esophages! vlirasound 1ar-
getirage 10 cansecutive timas. he first warkshon was int2adad ta perform a learning curve, and the second was o
asses unlearring The secondary objeclives vaere o compare perfomance Sy profession and by previous ulrascund
SRR,

Results we included 32 oarticivants with @ ma2en zge of 38 (4 10) vezrs, consisting of 56% men. Curing the first
werkshop, the targetimage acquisiion time was 204 103 1€.6:41] seconds on the “rst try anc 502 [3.74/.5] seconds
oanthe 10t (3 <DU0CT). The iImag2 azquiston time d.rag the seaond warkshop was shorter comnared 1o e first
one (p=001€]. In subgroup anslyses, we lound no sierificant difference paiween ohysicians znd nurses (p=005% al
the first workshop and p=0.184 a1 the second) o accarding Lo orevioas vlirasound experenca (w=0084 21 Lhe firsl 34
werkshop anc p=0,17€), counier .o multivar a.2 analysis [p=002).

Conclusions A stort web-based lzamirg comeleted by a bands-on wor<shop made it possib e 1o obtain the ultrz-
sound image in less thar 105, regardless af the prafassian or areviauas exper ence in ultrasound.

- Keywords Tracheal ultrzscunc, Endctracheal tube olacament, Zducat on, Smu ation, Leaming curve
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Albaroudi ¢t ol The Wimasound Jourme! (2024, 17U The Ultrasound Journal
Atpsyrdol oepf1C.1 18551 3063 024-0C3CCx

Can absence of cardiac activity ks
on point-of-care echocardiography predict
death in out-of-hospital cardiac arrest?

A systematic review and meta-analysis

Orrar Alharoudi @, Rilzl A baroudi’, Mahmoud Hadecas?, Manzr F. Ahdle-Rahman’,
Ih rumcothy Samy Suresh Kumz', Bobert Cavid Jarman™ anc Tim Hzrrig®®

| Poor prognosis
~=me Trauma mortality 100%

Aim The ourpose of 175 systemel < rev evd ent meta-analysis wa?lo eveluete the atcuracy of 1he absene of tarciec
maton on paint of cane echecardiography (PCE) in arad Zong terminatizn of resuscitzt 2n (TOR), short 2erm czath
(3TC), and lcrg tzrm dezth (LTD), n edult pet = ~t: with cardiac arrest of al ot ologees i out of hosp tal and aver
Gency daparmant sotting.

Methods A svstemartic reviaw and meta-ana vs 3 was cenductad basad or FRIEMA quidelings, A literature search

in Meadine MBASL Cochrare, WHO registry, and Clinical Iriz|s.gon wes performed f-om inscestion 10 ALQust

20i2, sk of Digs ves evaluated using DUADAS-2 tacl, Meta-ane vs 5 was dividad Irto medical cardiac arrest (NCA)
end Jaumet < cardiac errest (TCA). Sensitivity eng spacificisy wers calculzted 43 ing 2ivarizse rendom-effects anc het-
erzgenaily was one vzod using Fstel

Resulte X zatal of 27 stuches (1557 patients) wese includad ir eyttemart e reviews There wac a sobetartal variatise

In mathadolages acmes he sndies, vdth nezble diffsrer ce In inclusicn srirerl a' 3CT 1 ming, 207 carclar activlty
dafinition. Ir MCA (18 studies, 2233 patlents), the abienca of cardiar activirg an POF had 2 sersiduirg of 72% 085, C
62-80%] and specibeity of 80% [S3%CI 58-9"'16] to peadict LTDL Althcagh the low »omters cf studies in TCA preluded
meta-anahysis, all patients who lacked cardiac actvity on FCE sventuz Iy cied.

Conclusions Ths abeence of zare e motion an 20 far MOA predicts 4 gker ik haed of deats bot does net aave
suffzient accuracy to be used a¢ 3 stand-alans 2zl 1o terminate resuscitat an, 1= TCA, the 2aseze of cardiaz activ-
Iy Is aseardared with 10635 rortal ry rate, bhut lews number of natiancs equies further studlas ta validate thiz Anding
Furare wark veeakd beraqr fram a stardard 7ea protacal far PCT rering and aqreement on c2+d ac activity cefinltian.

Keywords Emrcrgoney madicine, Resuscite L on, Cordiac orest. Ultresound, Echocarciogre ohy, Poin. of care. Death,
| Survvel POCUS, CHZA CPR
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ABSTRACT

Barkgramd: Point-of-care ultracound (POCUS) his become an increasingly recognized
tool for the rapid bedside assessment of undifferentiated patients. Wath the advent of
affordable partable devices, this tool has expanded to the prehospital world, cftering
an apportunity o improve patient care prior to arrivel in the emergency department.
Metioxty: To assess how this tool has become incorporated into paramedical care in
Canada, we conducted a cross-sectional survey of paramedical regulating bodies
across rune of Canada's ten provinees W investigaie POCUS accreditation, licensing,
scope of practice, and quality assurance regulation for paramedics in Canada,

Eeswits: Querall, few provincial paramedical licensing bodies include POCUS in the
scope of practice for prehospital practitioners, and those who do are not invelved
with POCUS training, licensing, or guality assurance.

Comclusions: Our findings highlight the need for defined national competence stan-
dards and quality assurance metrice ta ensure gafe and effective uce of POCUS in the
prehospital environment.



. . Presence of POCUS ac- | Quality assurance and on- | Scape of prac-
Province Regulating body S ) P :
creditation processes going POCUS privileging tice
Alberta Ccllege of Para- -
Alberta medics None None Not specitied
British Colum- | Emergency Medical As .
bia sistants Licensing Board None s Mot specitied
Manitoba College of Paramedics Specific t0 employer, for :;:‘c::lmmln;ﬁ;;:;g&nquafnty Within scope for
Manitoba ACPs and CCPs only R ACPs and CCPs
employer
New Bruns- Paramedic Assnciation of .
wick New B wick None None Out of scope
Newfoundland NS and . .
[.abrador Paramedicine None None None
and Labrador
Regulator
College would verify addi-
ks College of Paramedics of | tfional employer-provided Accreditation Canada Stan- ) "
NOTASCota Nova Scotia training is adequate to Ac- dards Employer specific
creditation Canada Standard
Ontano C:marln Mindstry of None None None
Health
Prince Edward | Emergency Medical ) - )
Island (PEI) Servl:es Board of PEI None None None
Set provincially, individual Focused Assess-
L Saskatchewan College of ) e | employer is responsible for ment with Soncg-
Saskalchewan Paramecdics CCPs only, employer-specilic annual evaluation and quality raphy for Trauma
improvement (FAST) scans

Table 2. Summary of POCUS accreditation, quality assurance, and scope of practice standards for
paramedics in Canadian provinces. ACP: advanced care paramedic; CCP: critical care paramedic.
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Prehospital ultrasound constitutes =L
a potential distraction from the observation
of critically ill patients: a prospective simulation

study 75% distraction

Yeel van der G225t ®, Luza Marengo®, Foland Albrackte Pailiop K. Buchler®, Pedro D Wendzl Gandia”,
Dan =l A Iatmaeaner* and Ure Plf.*(s_/:/h_2 k-

Fig. 1 Heatrrzp of overall gaze nehavior. Areas of interest: 1 = aatisnt monitor, 2 =_Itrasound <creen, 3=patient, 4=blank (irrelzvant hixations,
e.g. on the floor). A Hzatmap of red’grous (i.e. participants who recognised desaturation), B Heatmap of'olue’ qroupn {ie. participants who did
not recognise desaturation)
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The utility of point-of-care ultrasound in targeted automobile ramming mass casualty
(TARMAC) attacks*

Hamid Shokoohi, MD, MPH, RDMS, RDCS **, Ali Pourmand, MD, MPH, RDMS ¢,
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Tabk 1

List of high profile TARMAC artacks In Westarn countries [n the recent years.

Yaar Country Location vehicle Deaths Injured Mative

2018 Germany Munster Camper Van 3 20 Mental Mness [ 1)
2017 Australia Melbourne sSuv 1 19 Mental Mness |2
2007 115A MNew York Ciry, NY Pickup truck 8 12 Terrarism |3
07 Spain Barcclona/Cambrils Vans (2) 14 1004 Terrorism |4]
2017 USA Charlottesville, VA Car 1 40+ errorism |3}
2T England London Uridge Truck. 7.5 lons B (5 stobled) 48 Terronsm 6]
0;m7 Swiaden Stockholm Truck, 30 tons 5 14 Terrorism |7]
207 UsA Times Square, New York City, NY Car 1 20 [ntoxdcation/mental illness 8]
016 Germany Berlin Truck, 25 | (ons 12 56 Terorisim |9]
2016 France Nice Truck, 9 tons R7 434 Terrarism |10
2015 USA Stillwater, OK Car B 46 Mental iliness |11
2015 Austria Craz, Austria Car 3 16 Terronsm |12



Tahle 2

Froposed Implementation af POCLS in the prehospital and hospital-based emergency ser

vices during MQ1,

Frehospital-Implementaticn
1) Prioritization of patients in need of emergent/urzent interventions using
PoCOS
a) Pneumothorax, hemoperitoneum. pericardial effusion

21 Re-triaging of patients with cancerning machanismes of injuries hut lack of
objectve injuries hy FOCLIS

Prehaspitzl-Aarriers

1) Competing with nther wireless accass/bandwicth during time of crisis in
sending images for mrerpretacon if acquirad but nat interprated at che scene

2) KWeed far reansmiszion of 2 sigral in an area where wireleee acress [z nar
avallable ar permirred

1) Limired hatrery power

4) Enviranmental condifons — excessive hear/cold/rain

3) Acress to qualified parsannel ta acquire imagad

Hospital-based-Implementalion
1) PCCUS nage leam in thwe cmergency departmend W assist in patient lriage
a) Conlirm the diagnusis requiring emergent or wgent operative inlervendasn
1) Chobe rupture
1) Vascular igjunes
1) Solid organ hemocrhage
iv! Pulmanary,Cardiac injuries

b) Confirm the absenca of above diagnasas

2) PPOCUS as a force multiplier to cross sectionzl imaging 2valuation of patients
a) Reserve the use of CI scanning for high morbidity/mortality injurics
1) Assess forintracranial operative intervention injury

J) POCUS (o reassess patienls
a) Reassess palients Lo enhanoe lertary Uauina reevaluduon

Haspital-hased Barmiers

1) Adisproportiondl evailability of POCUS in a higher volume and higher acuity
ED during TARMALC response

2) Limmited tinme and resousces required w docurnent the PCCOS reseles w be
evdilable w the vther weating providers

3) Limited nunber of well-ucined Emergency physician sooographers
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Point-of-care ultrasound use in austere
environments: A scoping review

Aubree Anderson’', Rebecca G. Theophanous 4%

1 Departmant of Emargency Medizine, Duka Univare 1y Schaol of Megicine, Durham, KC, United States of

Americg, 2 Durham Velerans Alfains Heathcare System, Durham, NG, United States of America

Auslere and Extreme Eaviromments

Military medicine and
conflict zones

Focused assessment for
sonography In trauma
(FAST)

Lung (pnewmothoras,
hemothorax)

Cardiac

Solt Lissue/NSK (forcign
body, ahseecs, tendons,
joints)

Drocecural (nerve blocks,
vaseilar avoes)

Prehospital (including Fmergency
Medical Services)

Lung (pneumothoras. hemothorax)
Cardiee (pericandial ¢Nusion,
stardstill in eardiac arvest)

Abdominal (FAST, aorta)

fracturcs

Procedural (vascuar acoess, gastric
lube, needle thoracoslomy,

Resource Timited settings induding
low- and middle-income countries
Abdomunal [obswetnies, biliry, bowels
appendix, FAST, etc))

FASH exam for tuberoalosis (pernicardial!
plevral effusion, agcites, ahdaminal
lymph nodes, splenici/lver lesions)

| Splenomegaly, ONSD i valaria

Cardiac (congenilal or acquared
structural disease, wall-matior
gboormality, right veatricular ddation,

etc.)

Lung (B lines, effuzian, consolidation]

Microgravity in outer
space

Abdomingl [biliary,
appendibowel,
arsretrios, ere)

Nephrolituass, Uladder

Dieep venous thronbosis
Musculoskeletal (tendons)

Spiral (disc herniation)

High altitude and
mountiins

High sltitude palmonury
edema (HAPE),
preumothorax
Musculoskelclal (ractures,
tendars)

Soft tissue

Optic nerve sheath
diameter (QONSID]

pericardinceriesis)
Volume assessment of 1VO Ocular (Corneal abrasion,
setial detachiment)
Soft tissve (abscess, foreign body) Cardiac
Procedural Luong
Procedural

htmsz/do .om 12 1371 journal.pone 23120171002
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CASE REPORT

Point-of-Care Ultrasound Diagnosis of Acute High
Altitude Illness: A Case Report

Flavia Wipplinger, MD'; Niels ITolthof, MD'; Jasmin Lienert, MD"; Anastasia Budowski’;
Monika Brodmann Maeder, MD*: Didier Moens, MD®

'D.-'parrmfn: of Anesthesiningy and Pain Medicine, Tselspital Rern University Hospital, Rern. Swirzerland; ’Dﬁpnmr:m.' of Emerpency Medicine,
Hopita! du Valais, Sion, Swiizeriand; Facuiry of Medicine, Bern University, Bern, Switzerland;: °Department of Emergency Medicine, Inselspita!
Bern University Hospital, Bern, Switzerland; ~ Instuule for Mounicin Emergency Medicine, EURAC Kesearch, Bolzuno, Taiy; *Depariment of
Frergency Medicine, Viege Universiry Hospital, Iiege, Relgium

With the advent of high-quality portable vlrasound machines. point-of-care ultrrasound (POCUS) has
guined interest as o prommsing disgnostic ool Tor palients with fagh eltimde illness. Although POCUS
is used successfully in hospilal envicomments (o detecl interstilial pulmonary edema and mcreased inlra-
cramal pressure, the relationship hetween specific sonographic crileria and high altlode illness s soll
unclear. We report the case of a healthy 32-v-old male who developed acute respiratory distress and
neurologic impamnment at 4321 m while participating in a high alatude medical research expedition.
We discuss the potential of POCUS 10 diagnose acute high altitnde illness by lung ultrasound, optic
nerve sheath diameter measurement, and echocardiography. Ultrasound in combination with clinical
findings helped vs o exclude relevant differential diagnoses, start on-site treatment, and organize an
evacuation, We used serial clinical and ultrasound examinations 1o assess the patient over rime.
Although its role in high altitude medicine needs further investigation, we believe that POCUS can
be a valuable wol o md clinical decision-making in rernote, high altitude environments,

Kevwords: high altitude pulmonary edems, high altitde cerebral edema, acclimatization, aiaxia
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Application of Point-of-care Ultrasound for Screening
Climbers at High Altitude for Pulmonary B-lines

Shadi Lahham, MD* "Kaises Parmanania Drange County, Decatmes* 7= moon e
John Moe'ler, MD Culifornia ’

Heesun Cheoi, DO™* 'Donrouth Hicheoos Mediaal Comier. Departm
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Nichalas Bove, MD* Azona 4
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Froma Mazumder, MY’ Arizona

Isabel M. Algaze Gonralez, MD® "louro Liniveeaity Nevada College of Dsteopath N
Aml Kurzwell, MD™ "Uninersity of Calfornia Irdne, Depariment of E -
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Malv twy
Sechon Cdor: Robed Ehrmen. MD o 8 .71 e b ik bemge
Subrissizn hstory Submttad July 23, 2021; Revision rceivad Novamber 14, 202%; Accapte - e s B
Flactrm cally putliswd Sabriacy 8 2063
Full text avaiabda hrongh opan aress at Ry deschoacsnin cigchisciam_wastiem Figura 1. Dislribution of the sum of B-as at the basa of botn
COE AN F& M Awmatjarr 2022 11 58300 lurgs ovar four days at aittosa,

Infraduction: | Tgh-altlude pulmonary adema (FAFT ) occurs as a resud of rapid ascent to alfihide
‘aster than the acclimatizaton procesecs ¢f the body. Symptoms ¢an begin at an elavation of 2,500
metars above sea leval. Our objeclive n this study was to detammine the prevalence anc trand of
developing 3-linge at 2,745 metere cbove ces level amorg healthy visiors over ‘our corgecutive
days.

Methods: We cerformed a prospect ve case seres o0 healhy volunteers el Mammoth Moutain,
CA. USA. Sugjects undewent culmorany ultrasourd for B nes ove” four consceJtive Says.

Resulta: We enralled 21 mae end 21 ‘amale participents. | here was an increase in the aum of
Selines wl coth lung Lases from day 1 W day 3, with a subsequent Cecrese rom day 3 lo day 4
(P<0.001) By the third day at altitude, B-lines were datectatle al hase of lungs of all parlizipants.
Sim larly, B-ines increased at apex of lunge from day 1 to day 2 and decrsased on day 4 (P=0.004)

Concluslon: By the thirc day 51 2 745 maters afitude, B4 nes wes deteciable in the baees of both

lungs of all healthy paricizants n our sludy Vie assume that increasing the number of B-lines could
te coneldersd an early egn of HAPE, Foint-of-cara u trazound co.kl be uezd 1o datect and monkor

A:linas at aktituda to {acilitate sarly dedection of HAPE, rega~cless of pre-existing ~sk factors.

[Weet . Emzrg Med. 2023,24(2)369-362.)




Original Article

Role of Point-of-Care Ultrasound in Grading the Severity
and Early Diagnosis of High-altitude Pulmonary Edema at a
Peripheral Hospital

Col Saurabh Sud’, Lt Col Yogesh Kumar®, Col Saurabh Bharadwaj'. Col Deepak Dwivedi’, Lt Col Arun Kumar', Maj Archit Garg®
Department of Anagslhesia, 403 Field Hospital, Ladakh, India, ®Department of Anazsthesiz a1d Crilical Care, Command Hospilal (Southern Command),

Fune, Maharashtra, India
Ahbstract

Background and Aims: Ttoops deployed at high-altitude area (HAA) sulter from various high-altutude illnesses (HAls) including high-altitude
pulmonary edema (HAPE). There arc various criteria to diagnose and assess the severnity of HAPE, but pomt-of-carc ultrasound (POCUS) of
the lung has also been used in isolation by physicians. The aim is to assess whether POCUS of the lung improves the ability to diagnose the
severity of HAPE. Methodology: A retrospective, cross-sectional descriptive study was planned for the patients treated for HAPE (n = 40)
at our hospital from January 2019 10 Mearch 2020, Prchospital edmission data, hospital admission data, and discharge data for the first-time
inductees and reinductees were collected from the central hospital admission registry and central databzse of the medical department and
intensive care unit. Results: The incidence of LHAPL was 2.2 per 1000, First-time inductees [n = 30U) were affected more when compared
ta reinductees (n = 16) and the maximum were at the third stage of HAA. POCUS of the lung facilitated the diagnosis of the six paticnts
with mild HAPE with no positive radiological features. Conclusions: POCUS of the lung should be routinely used by the medical oficers
ceploved at high altitudes. It will increase the diagnostic rate of HAPE with meticulous grading of the severity, thersby aiding in formulating
the case specific treatment protocal.

Keywords: Acclunatization, chest X-tay, lngh-alutude pulmonary edema, lung ullrascund, pomnt-ol-care ultrasound




Table 2: Diagnostic criteria of high-altitude pulmonary edema

Criteria number Criteria Findings
1 Recent ascent to high altiude (>3000 m); the
presence of palpitations, chest tightness, dyspnea,
and cough with or without white foamy sputum
2 Local, unilateral, or bilateral coerse breath sounds,
with or without local moist rales, contral cyannais,
tachycardia (-~100/min), and tachypnea (>=24,/min)
3 Radiological findings Chest X-ray- decreased pulmonary wansmitance, increased o1 obscure

Tonur werbinoe armvern] erlace il shonmae o malahe shaddeon

ve s T liieae

Table 3: Modified Severity Grading Criteria of high-altilude pulmonary edema

Criteria’s Mild Moderate Severe
Symptoms and signs Dyspnea &nd cough with white foamy Dyspnea, chest pain, chest Parients can not lic in the supine or prona
sputum may occur after intermediate rightess, and cough with a large position. They mav have a pale complexion

Lung auscultation

Vil parameters

Chest X-rays

C7T gcan chest

Routine blood tests

|amg vlmrasound (B-lines)

manual lehor

Shows local moist rales 1 a unilateral
lung

Respiratory rate <24 breaths/min

Heart rate <100 beats/min and there 15
no arthythmia

Floceulent shadows occupy <1/4 of the
lung. The shadows are confined tn the
right lower lobe and are spotty or patchy
Increased and enlarged lung markings

MNormal

6-135

amount of white foamy sputum
occur after mild mamual labor

Extensive moist rales are neted
in the dilateral lower lung or
umilateral lung

Respiratory rate is -~24 breaths/min
Heart rate 13 =1 10 beats/min and s
accompanied by arhiythimia

Shows patchy or floceulent
shadows covering 172 of the lung

Ground glass-like changes or
nodule-like shadows

The whate blood cell count and
neutrophil count are slightly
increased

16-30)

celd sweat on the forchead, sericus
dyspnea, and a heavy cough wirh a large
amount of white or pink foamy sputum
Rales of small, intermediate, and large
bubbles are extensive in the bilateral lungs
and are accompamed hy the sound of
boiling waler

Respiratory rate is >30 breaths/min
Heart rate 15 =120 beats'min and 15
accompanied by arrhythmia

Reveals asymmetric cloudy shadows
covering 12 of >the bilateral lungs

Scattered or isolated alveolar edema of the
termunal bronchioles

The white blood cell count s around 10
x lO"fL

=30

Sovurce: Zhou Q. Standardization of Methods fur Eerly Dignosis end On-Site Treatmenl of High- Altitude Pulmoenary Edema. Pulm Med 2011 p. [-9.%

L Compured tomography



Figure 1: Lung ultrasound scanning for B-lines in various areas
(a) Parzsternal area (b) Midclavicular aea (¢) Anterior axillay
area (d) Mid axillary area

Table 5: Distribution of data based on type of inductees
and at various stages of high altitude

Description Mild Moderate  Severe Total
HAPE HAPE HAPE HAPE

Type of inductees
First-time induclees 14 8 8 30
Reinductee’s 6 3 7 16
Stages of HAA
First stage S S 12 22
Second stage Nil Nil 1 1
Third stage 15 6 2 23

First stage 15 from 2700 to 3600 m, Sccond stage 15 from 3600 to 4500 m,
third stage is >4500 m. HAA: High-altitude area, HAPE: High-altitude
pulmonary edema

Table 4: Radiological assessment of severity of high-altitude pulmonary edema, employing X-ray of the chest, lung

ultrasound, and compuied tomography chesl

Findings Mild HAPE Moderale HAPE Severe HAPE

No of patients 20 11 15

Chest X.ray Flocculent shadows varied from <1/d to <12 Showed patchy ar flocculent Showed asymmetric cloudy
of the lung. These spotty or patchy shadows shadows covening > 1/2 of shadows covering 12 of > the
were confined to the right lower lobe in the right lung in L0 patients bilateral lungs in 10 patients and
12 patients, right lower and middle lobe in and complete right lung in =12 of both lungs in § patients
5 padents, and in lell lower lobe in 3 patients 1 patient

Lung ultrasounx (B-lincs) 5-15 16-30 =30

CT chest All 20 paricnts showed Increased and Findings varicd between Findings varied between scatrered
enlarged lung markmgs ground glass-like changes or isolated alveolar edema of the

or nodule-like shadows terminal branchicles

HAPE: High-altitude pulmonary edema, CT: Computed tomography
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Auscultation
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Lung Ultrasound

lliness, symptoms and signs

l

CXR

!

Primary Diagnosis Of HAPE

}

Standard Treatment Of HAPE

!

Recheck Lung Ultrasound

!

Recheck CXR

!

CT Scan

Refer to a tertiary care hospital in the
plains/Discharge

Figure 2: Trea

'ment algorithm of High-altitude pulmonary edema
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