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Bedside ultrasonographic examination is known to be a quick, noninvasive, cost-effective,
repeatable, and harmless diagnostic modality. It can be a powerful tool for clinicians, espe-
cially in time-dependent situations including trauma. Focused assessment with sonography in
trauma (FAST) has been established as a protocol especially specifically for hemodynamically
unstable patients with blunt abdominal trauma. The physiologic priority of airway, breathing,
circulation, and disability (ABCD) of injured patients should be assessed using a multi-systemic,
multi-focused, problem-based, and point-of-care ultrasound as an extension of physical exami-
nation. This ultrasound-enhanced trauma life support, so called FAST-ABCD, can provide a
great deal of important information for helping the primary physician in critical decision-making
by systemically combining the airway, lung, cardiovascular, abdominopelvic, orbital, and trans-
cranial ultrasound. Additionally, it can provide information on airway patency, guidance of endo-
tracheal intubation and cricothyroidotomy, lung contusion, limited hemodynamics, differential
diagnosis of shock, intracranial hypertension, and even more extensively on a secondary survey
from head to toe. The indications for the utility of ultrasound in trauma continue to evolve beyond
FAST. FAST-ABCD could be incorporated into advanced trauma life support by obtaining more
evidence through more studies worldwide.

Keywords: Trauma; Point-of-care ultrasound; Focused assessment with sonogrpahy in trauma;
Extended focused assessment with sonography in trauma
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Table 1. Ultrasound-enhanced airway assessment and resuscita-
tion of the trauma patient: airway ultrasound

Assessment Resuscitation
Anatomic evaluation of Confirm an endotracheal
airway and it's patency intubation in real time
Subcutaneous Cricothyrotomy and emergency
emphysema tracheostomy guidance

Tracheal displacement

Adjacent compressive
hematoma/masses

Predict a difficulty airway

A

Figure 1. Focused assessment with sonography in trauma includ-
ing airway, breathing, circulation, and disablity (FAST
ABCD). Numbers on a figure indicate positions where
probe would be applied to get images about airway,
breathing, circulation, and disability. 1. Airway (neck) ul-
trasound (A). 2. Lung ultrasound (B). 3. Cardiovascular Figure 2. Thyroid cartilage (arrows), transverse scan.
ultrasound (C). 4. Focused assessment with sonogra-
phy in trauma (C). 5. Orbital and transcranial ultrasound
D).

2% FAST ©]9]¢] ABCD 7P (7|5, =), A%, oF
w3hel 25 © FAE FaL 7t g, ofge] AW
AP e a7 2 2ol A E 8-S oA 53k
Sroll gt sl & uleicy,

1. Airway
opFRAtelA 7= 5l 27]ol] hgh 2 gt ot
o} A2 Haus %PE& TJrXélel‘ﬂ, M e oL
3} 2= o= 712 = & o|AF =
2 gl o)V stk Y el Al M 9'd F<t Figure 3. Cricoid cartilage, transverse scan. Cricoid cartilage (ar
UUAITN 44,40478 9] A6} 259478 o] APFEALS EA 3 rows). Transverse scan. The tissue-air border is shown
) as white line (arrow head).
Ais 2, ol 7hsd Alde] 16%7} 7] =8 Bl f-A]
of P Aok SeH6) ARESshe o) nEe Jlmslge] Suks B, 2E5HE o) gate] 7]xe sy
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Figure 4. Cricothyroid membrane. (A) Upper airway scanned in the midsagittal plane. (B) From the right side, thyroid cartilage (T), cricoid
cartilage (C), and tracheal rings (TR). Cricothyroid membrane (arrow). The tissue-air border (arrow head).

Figure 5. Esophageal intubation. Transverse scan just cranial to
the suprasternal notch. Enlarged esophagus by tube is
shown on the deep left side of trachea (arrow head) in
real time (arrow).
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airway) €318
717 25 o]8)e 7A$(can't intu-
bate, can't oxygenate)2] tha|Hlero.

= g 99ska gl

FFANE oA vb=s, wg
Figure 6. Lung pulse. (A) Left lung sliding is abolished in this selectively intubated patient o2 sjard 7w} 77 oro 2 At

and vertical movement of pleural line is identified along to the cardiac pulsation on o1
areal-time 2D image, but it cannot be objectified on this static image. (B) M-mode 7R dpdA] Bk H 58 Apdo) o
can record vibrations in rhythm with the cardiac activity (arrows).
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Table 2. Ultrasound-enhanced breathing assessment and resuscitation of the trauma pa- ot ¥ =
tient: lung ultrasound E3} o] ¢ o]el$ 71=(difficult
Assessment Resuscitation airway)7} dPdER= 7A9-ol= o34
Absence or asymmetry of ventilation ~ Needle throacostomy guidance o2 s AN E B8 1
oo Tubo horacosony qucance orPIeUmo- g1z gl o] g5ko 2A A
Homothorax Q3L QPSP TSR E & 4 glo.
Lung contusion ] Az} 7@ EANEe] RIEE 7HAA
Diaphragm dysfunction or paralysis AZFTRE= HaE ¢t
o] 2ol el AA Frto] vhashs Rekow e 2. Breathing
AT olekFigure 6), Q- ST )Gt B A EERAL
FIOF A9 Fol 2§ ol 3 g @ol gl LoT|w s vl 7)ek it ohize] Sl e
T lung pulsett BRAH, A5Alghe] FFeAS TA A B 5 AUk A8 Aol EFRAR ol 2144 715
ZYshutol ek, wok o vme Ak lung pulsert BE Slgk sabg et i BE) I ARPY 528 Ao
A ethd 7189 7Fe 3 HheA] argsljof it 71715 8k, ¥ 2evhs 3 Fo 71, 28, d #JE
715l Helxle= =8t = S el o] 5% FHRHAPIE S 7ok d 2 glo]
ES R e vk e A8 S & QU siEthTable 2), S5/
B 2505 ol &t SIS g BEd oA # Z2Eutke] Z8o oM st e =4S
33t x5 I = kFigure 4), &3S SfaiA 9 71891 259} 2715 Tlsstarst gt
715 Z|=]ol] Q1o1A vl T a7k otk SpARE Al mH A D) ¥ 259k AApE B gdad
¥o} =310 2 A3 a e golst &= 9l A9 ¥ 2292 9= 5-MHz2] microconvex EFER}7}
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Figure 7. Longitudinal scan on thorax of a normal subject. (A) Upper and lower ribs and their El ©
acoustic shadows (vertical arrows). Pleural line and it's reverberation artifacts, A- 371 Mool Fulrto
lines (horizontal arrows). (B) The upper rib-pleural line-lower rib profile shapes a sort
of bat flying toward you, bat sign which is the basic landmark in lung ultrasound. At
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+ 2594 A$othi0l.

ool ofgh 71Foldt dF2 Eetawa 7ukek 35
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Figure 9. Multiple B-lines (lung rockets). Vertical lines arising from _ AL ol olHo] XAl o FH =
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defined, laserlike lines spreading up to the edge of the O Pl A= o}olo] HE FEuIALAE 0] AEEAL K

screen without fading. These artifacts are caused by SIHAARS kel A% Frdrkia el AS S5
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Figure 10. Pneumothorax: A-line sign and stratosphere sign. (A) The absence of lung sliding
cannot be visualized in this static image, but horizontal artifacts arising from the AAE oA oFote] A FRHpAAE
pleural line can be seen, and no B line is visible. This pattern called the A-line sign.
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Figure 12. Hemothorax. Hemothorax (H) can have internal echo. =
Consolidated lung (C) caused by compressive atel- W= SRS =3t} g7} Eo] Sl T &0 2 220
ectasis is visualized. Bright echogenic spots in the
consolidated lung are the airbrochogram (arrows). 7] ol ME =0l A= AfelabA © & YehdthFigure 13),
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AE] XY= 7 7FAE 54l ol Al

= )& ZloJt}. EFAST o] 5ol &
FHAPIE S Aldgakar of7]olx] &
Ado] Kol Ak A7 15
= Agolle AFEHAS

Figure 13. Pleural effusion: sinusoid sign. (A) Small pleural effusion is visible at a middle
axillary line (arrow). (B) The thickness of effusion varies in rhythm with the respi-
ratory cycle. Deep border, a visceral pleura (arrow) moves toward the chest wall, o] 7RsA0] 9

thus shaping sinusoid.
oIS Alahe s}, AH o1 A4

sl
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3) o EF |21ks RIPASS!

Z59HE o] 83 o D A2 =2 e} 5ol vk ) Fealehe s AAkska 9t
=5 HRI Sisley S(19]19] Xate] oJahd, dgol thgh 5) 3 2
Z5IARE, WRkEsh Selwrt 247F 97.5%, 99. 7%=, EFAST®] 7AlatEolli= E5telo} o)A Qbaut, 7] 28
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Figure 14. Lung contusion (LC): consolidation. Image scanned
sagittally on the left side (probe was positioned on a
little bit higher than usual region of focused assess-
ment with sonography in trauma in left upper quad-
rant). Hypoechoic lesion for alveolar consolidation (so-
called hepatization) whose dimensions remained un-
changed during the inspiration phase (LC). Blood with-
in the thorax (horizontal arrows). Diaphragm (vertical
arrow). H, hematoma; S, spleen; St, stomach gas. Cour
tesy of Dr. Gordon Lee.
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Figure 15. Lung contusion: B-lines. Lung contusion can be visual-
ized as B-lines. Within 1 to 2 hours after primary injury,
A progressive infiltrate into interstitial space cause
thickened interlobular septum. Focal B-lines are
shown in the upper intercostal space (arrows), but no
B-line is visible in the lower intercostal space.
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Table 3. Ultrasound-enhanced circulation assessment and resuscitation of the trauma pa-

tient: cardiovascular ultrasound

size), tank (volume status)E H7}s}

e w, 4715t gaEL slE

Assessment

Resuscitation

7HIE = S48 gkt o] gle A

Confirm PEA vs. pseudo-PEA
Pericardial effusion/tamponade

Severe left ventricular systolic dysfunction Vascular catheterization guidance

Cardiac profile of severe hypovolemia
Valvular gross lesions or intracardiac mass

Inferior vena cava (preload)

Confirm a return of spontaneous circulation

XS B ot W asket). Ferrada
T 241E o FRAA I o B
AAF F=E7A|(inotropics) ARg-oll
gk AAS 9)te] focused rapid

echocardiographic examination

Pericardiocentesis guidance

Peritoneal free fluid (FREE)Z X883} 3 1 17} olAkz]

Retroperitoneal hematoma
wHol 473 gas F 497t

Aortic aneurysm/dissection

- .
PEA, pulseless electrical activity. 87% AL 54%0lM 253} ax3ie] 7]

zatel ARAGE WAT 5 Al
Table 4. Multi-systemic ultrasound for differentiation of shock in trauma patient Haedn), s ] 248 9

Lung ultrasound Cardiac Carval Other Aol E3 ] 82 AR vk
on anterior chest  ultrasound ultrasound #siola ok /\l‘ﬂr Carr £[251]
Qr <
Tension Neither lung Small Fixed and In severely =
pneumothorax  sliding nor hyperkinetic +  distended IVC  hypovolemic Ha1o] "]OFE ek 7kl glojA

pulse + A-lines  cardiac patients, the IVC ZHRH SHEEA] 2 cm o} AE oA
T bl a

sign displacement may be small
Cardiac Lung sliding Pericardial Fixed and =gt sloidee] =717F ZAL (1 em
tamponade with A-lines. effusion + distended IVC n)uk = 4% 27Ao] Zoz e
; : rE= T 25 1
Possible lung diastolic RV ik 5 3l A3l 1/3
contusion collapse njah) AW collapse index7}t
Hypovolemic  Lung sliding Small Small and Hemoperitoneum 0, = Ao % OIAFA]
shock with A-lines hyperkinetic +  collapsed IVC  (positive FAST) S000RL 2 3ol AhEkel

and/or massive
hemothorax

no cardiac

( e} 242} 67%, 65% LA Biet.
displacement

(1) A% 2 S g 287wl
BEAT ng st ale
22915 ol 84 Zleke] AT whS Erha A oIt 1 MR EE ol g4 AlukE et
119, ePgebAlolNe] A 25348 ol g3 AgukEe] e 457l beand ST APt Cftusion)
Ak o)9lol, elgol ofgk 2nie] RS AABE AR L W Ok, FEADSTRT A 4 ARG o]
P 39} AT 1AA7F 2k HlAd & Al Al 7)(area)E B7)aka, v
=go] ®TKTable 3), o|f # 283 Auto g SZalolr] Shgue & AAske] Ay
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Aoleh, Aol AZko i, GOl e 919} 2L i
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IVC, inferior vena cava; FAST, focused assessment with sonography in trauma.
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Figure 16. Flattened inferior vena cava (IVC). Subcostal longitudi- Figure 17. Cardiac tamponade. Subcostal 4 chamber view in the

nal view in hemorrhagic shock. Flattened IVC is dem- hypotensive patient. Echogenic pericardial effusion (E)
onstrated (arrows). Additionally small and hyperkinetic compressing the right ventricle is visible (arrow).

ventricles can be identified on cardiac ultrasound.

Figure 18. Focused assessment with sonography for trauma: hemoperitoneum. (A) Peritoneal effusion in Morison’s pouch. (B) Peritoneal
effusion in Douglas pouch. (C) Peritoneal effusion in subdiaphragmatic and splenorenal recess.
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Table 5. Focused assessment with ultrasound for trauma 70% =k u:] 304 olo) &ald 3
Scan Examine for Additionally inspect briefly AEoM e T dF vl 2 APgEo]
Subxiphoid 4-chamber  Pericardial effusion Global cardiac function =oltlal Ha1sFgIth FASTE B3
view of the heart and chamber size )
B el oishe et
Right intercostal oblique Right pleural effusion The right diaphragm, the
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Table 6. Ultrasound-enhanced disability assessment and resusci- ANs st} FAlol| BRH7E A|&H 0 2 o) skt
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Assessment Resuscitation
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Figure 19. Measurement of optic nerve sheath diameter (ONSD).
The optic nerve sheath is a linear hypoechoic structure
posterior to the globe. Caliper 1 identifies the site of
ONSD measurement 0.3 ¢cm behind the retina. Cali-
per 2 measures the ONSD (0.3 cm in this case).

4. Disabilities
T o)l gk ZiAbolM ¥ AFEIZ o] AAH o)A
ok, 5ol ofofx] ¢F2 9ol 2539 AR 58 W

S
Al ol s(midline shift)g I8 4= Qle}, BEgk 413k Q-
55 5o o T 27 B e AARH] 3
Bole 259k o8 Hest T2 A7) 9 %
2 goldt = QJtHTable 6). o)7]14= X425 2
S ol A e A3t

AlZFal7d o] Hx & X ket il A|8kaL JlojA
AR gt d7Fssitt. 2eal zh Al
ZFAZA L] dFolm 2 AR (dural sheath)ol] S

S11, 8 R i AT A Ao §
. [e]

19
"

¢

o

X qfo B
£ oy do

Il eimE Foerel ks Azt g 8

1110 == 0|23 MsiRiel £7/57}

|

N
>

S| ek, Aol B2 B AR mEo
AR AL R o] S B & bl BHAYgit), A2
A7 223 PAPE A9 FUNGE 2 A S
SIAANE AT S71E (> 20 mmHg) TGS -
T A2 7Fsalth. Rajajee T3012 AIZMIER 2789 2}
ok Z(cutoff value)2 4.8 mm=E 39S |, =714 570

Stell thek Wiz ee} So| w7} 2k2F 96%, 94%etaL kst
o}, webr] 51 TS S0l Brbedh dgollA,
S92 o] 83 AR H7e) S 27hE e

& 2

Shd
ol
ol

=

32

o P

o FgkAte] 27] 7} 9 X 2] oA Z53he] AL 7%
5, 55 2 3], 23 #E 2 NS H7A o
SAlA BIFIGAH R Al&sA AAH] FRE

% M= vHEH o 2 A7} gl 7H
AL 7Fs3tER 3ol 8t B ofue} e fefstolu F8kat
ofg} o AFEoAE 83 =7ekal & 4 k. 24 dEA)
Zlg oA 2k 9 259 A2 PA7)7] HaiME 25
I} AARe] -84 9 A S SRSkl AlA|H o 2 A s}
Al Aetoks GhAlA Wi =go] Fasitt a3l
ko 2 #d T 7he] 25uh4 Akl Hit ¢

G5 ol 7ol A PPAH 87 % ARl P

o
N

S AlE

:OL_',
)Y
U

hu
b}
N
il
_E
o,
ofN ¢

o

Acknowledgement

I would like to express my gratitude to all those

J Korean Med Assoc 2012 November; 55(11): 1097-1112



Initial evaluation of a trauma patient using an ultrasound @g

who gave me the opportunity to complete this review.,

I want to thank Luca Neri, the former president of

W
SO

pr

2

orld Interactive Network of Focused Critical Ultra-
und (WINFOCUS), Gordon Lee, and Hanho Doh for

oviding me valuable clinical data.

A E0]: QA HAXSTAAL eI} QAR ST}
3 Ak |.

REFERENCES

1.

N

[&)]

~

Neal MD, Peitzman AB, Forsythe RM, Marshall GT, Rosengart
MR, Alarcon LH, Billiar TR, Sperry JL. Over reliance on com-
puted tomography imaging in patients with severe abdominal
injury: is the delay worth the risk? J Trauma 2011,70:278-284.

. Rozycki GS, Ochsner MG, Schmidt JA, Frankel HL, Davis TP
Wang D, Champion HR. A prospective study of surgeon-
performed ultrasound as the primary adjuvant modality for
injured patient assessment. J Trauma 1995;39:492-498.

. Kirkpatrick AW, Sirois M, Laupland KB, Liu D, Rowan K, Ball
CG, Hameed SM, Brown R, Simons R, Dulchavsky SA,
Hamiilton DR, Nicolaou S. Hand-held thoracic sonography for
detecting post-traumatic pneumothoraces: the Extended
Focused Assessment with Sonography for Trauma (EFAST). J
Trauma 2004;57:288-295.

. Dulchavsky SA, Henry SE, Moed BR, Diebel LN, MarshburnT,
Hamilton DR, Logan J, Kirkpatrick AW, Williams DR. Advanced
ultrasonic diagnosis of extremity trauma: the FASTER
examination. J Trauma 2002;53:28-32.

. Neri L, Storti E, Lichtenstein D. Toward an ultrasound curri-
culum for critical care medicine. Crit Care Med 2007;35(5
Suppl):S290-S304.

. Gruen RL, Jurkovich GJ, MclIntyre LK, Foy HM, Maier RV.
Patterns of errors contributing to trauma mortality: lessons
learned from 2,594 deaths. Ann Surg 2006;244:371-380.

Elliott DS, Baker PA, Scott MR, Birch CW, Thompson JM.
Accuracy of surface landmark identification for cannula
cricothyroidotomy. Anaesthesia 2010;65:889-894.

. Walls RM, Murphy MF Manual of emergency airway man-
agement. 3rd ed. Philadelphia: Lippincott Williams & Wilkins;
2008.

. Gerig HJ, Schnider T, Heidegger T. Prophylactic percutaneous
transtracheal catheterisation in the management of patients
with anticipated difficult airways: a case series. Anaesthesia
2005;60:801-805.

. Lichtenstein D, Meziere G, Biderman F Gepner A, Barre O.
The comet-tail artifact: an ultrasound sign of alveolarinterstitial

J Korean Med Assoc 2012 November; 55(11): 1097-1112

20.

21.

22.

k245

zt

70O

syndrome. Am J Respir Crit Care Med 1997;156:1640-1646.

. Wilkerson RG, Stone MB. Sensitivity of bedside ultrasound

and supine anteroposterior chest radiographs for the identifi-
cation of pneumothorax after blunt trauma. Acad Emerg Med
2010;17:11-17.

. Ball CG, Kirkpatrick AW, Feliciano DV. The occult pneumo-

thorax: what have we learned? Can J Surg 2009;52:E173-
E179.

. Ball CG, Ranson K, Dente CJ, Feliciano DV, Laupland KB, Dyer

D, Inaba K, Trottier V, Datta I, Kirkpatrick AW. Clinical predictors
of occult pneumothoraces in severely injured blunt polytrau-
ma patients: a prospective observational study. Injury 2009;
40:44-47.

. Enderson BL, Abdalla R, Frame SB, Casey MT, Gould H, Maull

KI. Tube thoracostomy for occult pneumothorax: a prospective
randomized study of its use. J Trauma 1993;35:726-729.

. Mennicke M, Gulati K, Oliva |, Goldflam K, Skali H, Ledbetter

S, Platz E. Anatomical distribution of traumatic pneumotho-
races on chest computed tomography: implications for ultra-
sound screening in the ED. Am J Emerg Med 2012;30:1025-
1031.

. Lichtenstein D, Meziere G, Biderman P Gepner A. The comet-

tail artifact: an ultrasound sign ruling out pneumothorax. Inten-
sive Care Med 1999;25:383-388.

Lichtenstein D, Meziere G, Biderman P Gepner A. The “lung
point”™: an ultrasound sign specific to pneumothorax. Intensive
Care Med 2000;26:1434-1440.

. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis

G, Kirkpatrick AW, Melniker L, Gargani L, Noble VE, Via G,
Dean A, Tsung JW, Soldati G, Copetti R, Bouhemad B, Reissig
A, Agricola E, Rouby JJ, Arbelot C, Liteplo A, Sargsyan A, Silva
F Hoppmann R, Breitkreutz R, Seibel A, Neri L, Storti E,
Petrovic T, International Liaison Committee on Lung Ultra-
sound (ILC-LUS) for International Consensus Conference on
Lung Ultrasound (ICC-LUS). International evidence-based re-
commendations for point-of-care lung ultrasound. Intensive
Care Med 2012;38:577-591.

. Sisley AC, Rozycki GS, Ballard RB, Namias N, Salomone JR

Feliciano DV. Rapid detection of traumatic effusion using sur
geon-performed ultrasonography. J Trauma 1998;44:291-296.

Lichtenstein D, Hulot JS, Rabiller A, Tostivint |, Meziere G.
Feasibility and safety of ultrasound-aided thoracentesis in me-
chanically ventilated patients. Intensive Care Med 1999;25:
955-958.

Soldati G, Testa A, Silva FR, Carbone L, Portale G, Silveri NG.
Chest ultrasonography in lung contusion. Chest 2006;130:
533-538.

Rocco M, Carbone |, Morelli A, Bertoletti L, Rossi S, Vitale M,
Montini L, Passariello R, Pietropaoli P Diagnostic accuracy of
bedside ultrasonography in the ICU: feasibility of detecting

cHetelArE2IR|

1111



@
- Havr

pulmonary effusion and lung contusion in patients on respi-
ratory support after severe blunt thoracic trauma. Acta Anaes-
thesiol Scand 2008;52:776-784.

23. Gunst M, Ghaemmaghami V., Sperry J, Robinson M, O’Keeffe
T, Friese R, Frankel H. Accuracy of cardiac function and vol-
ume status estimates using the bedside echocardiographic
assessment in trauma/critical care. J Trauma 2008;65:509-
516.

24. Ferrada P Murthi S, Anand RJ, Bochicchio GV, Scalea T.
Transthoracic focused rapid echocardiographic examination:
real-time evaluation of fluid status in critically ill trauma pa-
tients. J Trauma 2011;70:56-62.

25. Carr BG, Dean AJ, Everett WW, Ku BS, Mark DG, Okusanya
O, Horan AD, Gracias VH. Intensivist bedside ultrasound
(INBU) for volume assessment in the intensive care unit: a
pilot study. J Trauma 2007;63:495-500.

26. Ma OJ, Mateer JR, Ogata M, Kefer MP Wittmann D, Apraha-

O ) Peer Reviewers Commentary

L SIXIO| 27| Hotol| FASTZ Y2irl =SS 0[E8t Al

o 20N, BIFEHCZ, AR T 2IF glo] AR 4~ UAtks

of &5 Ty 21 EXjollM =2 2 o2t H|, A, TN

D2 ESS0] JHEo] M=agol M1 Tt 2 ==0M=
LHES TR 2ot MRS S MAlGHL QUT. 2l 2tk
WEOI 71 4, 2 oflA

= o] ehyol| 7|odator & A

1112 =zsuso

2o BRIl 271Et

ESUTN PSS S7 YA T2

27

28.

29.

30.

mian C. Prospective analysis of a rapid trauma ultrasound
examination performed by emergency physicians. J Trauma
1995,38:879-885.

Natarajan B, Gupta PK, Cemaj S, Sorensen M, Hatzoudis Gl,
Forse RA. FAST scan: is it worth doing in hemodynamically
stable blunt trauma patients? Surgery 2010;148:695-700.
Udobi KF, Rodriguez A, Chiu WC, Scalea TM. Role of ultraso-
nography in penetrating abdominal trauma: a prospective clini-
cal study. J Trauma 2001;50:475-479.

Rozycki GS, Feliciano DV, Ochsner MG, Knudson MM, Hoyt
DB, Davis F;, Hammerman D, Figueredo V, Harviel JD, Han DC,
Schmidt JA. The role of ultrasound in patients with possible
penetrating cardiac wounds: a prospective multicenter study.
JTrauma 1999;46:543-551.

Rajajee V, Vanaman M, Fletcher JJ, Jacobs TL. Optic nerve
ultrasound for the detection of raised intracranial pressure.
Neurocrit Care 2011;15:5606-515.

oIR0I0[eIe! ZiRaIZ ) D20
SIS A2 BRSO BRI 6lE

el
[0
E
10
bal
5

J Korean Med Assoc 2012 November; 55(11): 1097-1112



