“Introducing Ultrasound as standard tool for Emergency Medical Service in Disaster
Management”. A literature review of ultrasound utilisation in emergency cases.
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Emergency Medical Service (EMS) is considered an essential item and unseparated to the
Disaster Management. EMS healthcare providers have to perform rapid and accurate
diagnosis on the field, as well as the first-aid treatment. In some major disaster, triage and
Life-support become more challenging due to shortage of diagnostic tools and difficulties in
performing advanced life support with limited resources. Ultrasound is a well-known
diagnostic tool which mostly utilised for elective medical imaging. Nowadays, there are
increased number of research in ultrasound and how it can be effective not only as an
‘elective medical tool' but also in emergency setting. This article discusses the studies
developed for the ultrasound in emergency setting, both as diagnostic tool and tool for
imaging-guided procedures. We will discuss the ultrasound utilisation in early diagnosis of
major trauma, ultrasound-guided procedures, and how to assess the effectiveness of the
initial therapy in this article. As the conclusion, we found that ultrasound is an important EMS
tool needed in every major disaster. For that reason, we suggest equipping every physician

who involved in Disaster EMS with ability to operate the emergency ultrasound.
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Introduction

Emergency medicine is an integral part of disaster management and response. Disaster
management and preparedness are not merely to prevent or minimising the casualties
through early detection and warning of any possible disaster that may happen in the future
(1,2). Some of the disaster, either natural or human-made, can be possibly predicted long
before it appears. However, missed or unpredicted disasters still possible to happen and
cause catastrophy with big number of collateral casualties. These situations are where
emergency medicine play its role. Good preparation of Emergency Medical Services (EMS)
have an important role in reducing the number of morbidity and mortality during
management of disaster (2). Therefore, equipping EMS personnel for the next level of skills
and knowledge considered essential, particularly for those who are performing EMS in an

isolated location of a disaster.



Ultrasound (US) was introduced in medicine by an Austrian doctor, Karl Theodore Dussik
in 1942 when performing brain investigation through utilisation of ultrasonic waves (3).
However, the utilisation of US as a diagnostic tool was first time performed by George
Ludwig in 1949 to detect gallstones. US became well-known imaging tool in medicine when
lan Donald published a 2D ultrasound machine called “Diasonograph” in 1958 (4). Since
then, researches and investigations were carried out to find further potential of US in medical
settings (3,4).

The application of US in Emergency Medicine is not a new issue in medicine. It
developed in 1980s primarily to diagnose emergency problems which silently occurred,
particularly in abdomen (5). US current extended utilisation is not only as diagnostic tool but
also as an integrated part of therapeutic procedures and monitoring. The main factor of
discoveries in extended utilisation of US probably because it promises future dual-
functioning tool with low cost, energy, space, and relatively cheap and easy training for the
procedures (6).

Application of US in emergency setting is extensive since it can be applied to almost all
field of medicine. Emergency application of US is most common in diagnosing most of life-
threatening trauma, as well as US-guided procedures (5). The application of US in
emergency setting is extensive. For that reason, this article only discuss the utilisation of US

in diagnosing some of emergency cases which most possibly appear in disaster setting.

Application of Ultrasound in Thoracic Emergency
Pneumothorax

Standard chest examination is adequate to detect the massive to tension pneumothorax.
Inspection of chest movement and any visible organ deviation, shift of air vibration on
palpation, hyperresonance during percussion, and losses of lung sound during auscultation
(7). However, in mild pneumothorax diagnosis through physical exam can be difficult;
sometimes even without any complaint (8,9). Pneumothorax with significant findings or
missed during physical exam can be discovered by using imaging tools (5,8,10).

Ultrasound in chest imaging is an act of imagination through analysis of visual echogenic
artefacts. The image recognition of chest ultrasound is basically the interaction between
sound wave with air and fluid. As presented in Figure 1, there are three main indicators with
one additional indicator to diagnose pneumothorax using ultrasound (11). Lung sliding
(Figure 2A) is a dynamic slippery movement of visceral pleura against parietal pleura, which
will appear as ‘sea-shore’ in M-Mode (12). If the lung sliding does not appear (Figure 2B),
the next step is to analyse ‘comet tail artefacts’ which known also as ‘B-lines’ (Figure 2C). It
appears as the sound waves pass through some fluids, and so becomes the sign of an

interstitial syndrome (11). Even though the pneumothorax progressives, the lung activity still

2



can be detected if the probe moves closer to axillary line. This small movement of lung
activity called as ‘lung point’ (Figure 2D) (13). If the lung point does not appear, the last step
is checking the lung pulse (Figure 2E). It is the sign of totally no lung activity, and the M-
Mode will appear as if the lung has synchronised movement with the heart beating. Lung

pulse is the sign that the patient suffers complete atelectasis and not pneumothorax (14).
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Figure 1. Flow chart of diagnosing Pneumothorax using ultrasound (Adapted from
Miller (11))
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Figure 2. The ultrasound appearance of (A). Lung sliding and ‘seashore/sand’ sign (11);
(B) Absence of lung sliding (11); (C) B-lines (11); (D) Lung Point (13); (E) Lung
Pulse (14)

Pleural Fluid

Most common pleural fluid found in disaster area is blood as the output of chest trauma.
Ordinary chest examination can determine the diagnosis of pleural fluid, including massive
intrathoracic bleeding (15). Even though, sometimes imaging needs to perform to clarify the
findings of the physical examination.

The sensitivity and specificity of ultrasound to detect pleural fluid is close to its golden
standard. Another benefit of using ultrasound in diagnosing pleural fluid is because it can
help to distinguish between transudates and exudates. The primary principle of detecting the
pleural fluid is similar in another part of the body by detecting the “anechoic” image just

above the diaphragm (Figure 3) (5,11).

Figure 3. Ultrasound Imaging of Pleural Fluid (5).



US-Guided Thoracostomy

Though thoracostomy can be performed without guidance of imaging tools, the
application of ultrasound can reduce the side effects of the procedure. Complications that
caused by technical reasons can be tube malposition, reexpansion pulmonary oedema,
nerve injuries, cardiac and vascular injuries, oesophageal injuries, residual/postextubation
pneumothorax, fistulae, herniation through the thoracostomy site, chylothorax, and possible
cardiac dysrhythmia. These complications primarily caused by technical issue such as
inadequate training and experiences (16).

The critical aspect of chest tube insertion is knowledge of anatomical part of chest cavity
and position of intra-thoracic organs, in order to prevent undesired injuries due to the
inaccurate procedures (17). As shown in Figure 4, after identifying the location to make the
initial incision (commonly on fourth or fifth intercostal space), ultrasound can help to predict
how deep the tube will be inserted (18).
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Figure 4. Application of ultrasound in discovering the landmark of chest tube insertion (18)

Pericardial Fluids and Pericardial Drainage

Cardiac tamponade was discovered and explained by Claude Beck in 1935. He described
the cardiac tamponade as clinical findings of jugular venous distention, muffled heart sound,
and hypotension, also known as Beck-triad symptoms of cardiac tamponade. The on-going
process of pericardial effusion to become tamponade mostly asymptomatic and become
symptomatic once the fluid disrupts the heart beating activity (19). The utilisation of
ultrasound in heart cases, commonly known as echocardiography, firstly applied to reveal
the presence of pericardial effusion. The idea is simple: discover the inter-spatial echoes
between visceral and parietal layer. The pericardial effusion happened if there is echo-free

space which separates visceral with parietal layer to create space. If the fluid enough to



press heart wall, the heart muscle can be seen as if it externally blocked, mainly seen in

diastolic period (20).

Figure 5. Echocardiography of Pleural Effusion (PE) (20). LV=Left Ventricle;
RV = Right Ventricle; AO = Aorta; LA=Left Atrium

Blind method of pericardial drainage is a dangerous procedure, even if performed by
trained medical personnel. “Blind” method means pericardiocentesis performed only depend
on anatomical landmark with “sense” that the needle is in the right position, without guidance
of any imaging tool (21). Ultrasound helps to guide the needle tip directly to the fluid site by

visualising the needle and tissue around the needle (22).

Figure 6. Application of ultrasound in Pericardiocentesis (22).

Application of Ultrasound in Abdominal Emergency

Abdominal Bleeding

Solid abdominal organs have rich in vascularisation so it will be easy to get bleed, giving
visualisation of intra-abdominal free fluid. Most cases of abdominal injuries, particularly blunt
trauma, are hard to assess through physical exams resulted in progressive occult bleeding

which will be detected once the patients are starting to enter shock condition (23,24).



Ultrasound is already well-known imaging modality to assess abdominal organs. The
utilisation of ultrasound in trauma currently performed bedside to assess the patients who
are hemodynamically unstable with suspected intra-abdominal organ injury. The procedure

commonly called “Focused-Abdominal Sonography for Trauma” (FAST) (24).

Figure 7. Ultrasound imaging of abdominal bleeding around spleen (24).

Other Application of Ultrasound in Emergency Setting
US-Guided Airway Procedures

Ultrasound can help the procedures of two emergency airway management: endotracheal
tube (ETT) insertion and tracheostomy (5,25). The main problem of ETT insertion is how to
make sure that the tube has passed the pharynx and not the oesophagus. In some cases
and patients, the epiglottis cannot be visible to the operator (26). Ultrasound utilisation can
help to guide the insertion of ETT and so can help to reduce the time for insertion. Thomas
et al. (2017) performed intubation to 100 patients guided by ultrasound and found 95%
successfully inserted to trachea. From the 5% failure, 2% of them caused by operator
mistakenly fail to distinguish trachea from oesophagus. Primary objectives of ultrasound
application in ETT insertion are to identify trachea from oesophagus (since only two lumens
will be visible; Figure 8), and confirming that the tube inserted precisely in the right place
(27).



Figure 8. Ultrasound imaging of trachea and Oesophagus also called as ‘double track’
sign (27).

Since the invention of new less invasive adjunctive intubation techniques, Cricothyrotomy
(or also called Cricothyroidotomy) no more become a popular procedure (25,28). The
primary indication to perform cricothyrotomy, therefore, are other less invasive airway
procedures unable to treat impending or ongoing hypoxia. However, there no specific
indication of when this surgical procedure should be performed, mostly through case-by-
case analysis (28). Application of ultrasound in cricothyrotomy is determining the cricothyroid
membrane for the initial incision. The solid-fluid-air (air-tissue) interaction of sound wave will
reveal the tracheal components. Two images can become landmarks for cricothyroid
membrane: ‘thyroid cartilage—Airline—Cricoid cartilage— Airline (TACA)' through transverse

technique and ‘string of pearls’ through longitudinal technique (Figure 9) (29).

Figure 9. Ultrasound image with longitudinal technique shows (A) a 56-year-old male with
distortion cricothyroid membrane and mass (arrow); and image of normal
airway (25).



US-Guided Intravenous Access

Vascular access more accurately achieved through visualisation of needle tip and
vascular lumen. The practice of US-guided intravenous access consists of two major steps:
determine the location of vascular lumen and then guide the needle to that lumen. Guiding
the needle into vascular lumen can be performed using two approaches: out-of-plane and in-
plane. In out-of-plane approach, the needle inserted in the middle of US prone to visualise
the vascular lumen.

On the other hand, in the in-plane approach, the needle inserted under the prone in the
same direction with the US prone to visualise longer vascular lumen (Figure 10). The in-
plane approach is the most common method used in performing US-guided intravenous
access. However, the choice of technique depends on which one the operators more

comfort to adopt (5).

Figure 10. Ultrasound imaging of intravenous access of internal jugular vein (5)

US-Guided Assessment of Fluid Therapy

There are two approaches of ultrasound utilisation to monitor the fluid therapy: assessing
the heart ventricles and assessing the inferior vena cava (IVC) (30). The IVC role in
haemodynamic monitor basically because of its anatomical location correlate with the
functions of the right heart, and it is physiological high collapsible. IVC reflects the volume
status better than other parameters because its diameter does not change when the body’s
compensatory vasoconstrictor arise as the response of loss of body fluid. Meta-analysis
study supported measurement of IVC diameter can be used to monitor fluid therapy (31).
Though more difficult than assessing IVC, heart activities can also determine the
effectiveness of fluid therapy. Some indicators such as Systolic Pressure Variation (SPV),
Pulse Pressure Variation (PPV), and Stroke Volume Variation (SVV) can be predictive to

fluid responsiveness (32). However, more specialised training needed to monitor fluid



therapy through analysing the heart activities. The picture of ultrasound imaging in IVC

presented in Figure 11.

Figure 11. Ultrasound imaging of inferior vena cava (IVC) in B-Mode (top) and M-Mode
(bottom) during passive respiration (A) and inspiratory effort (B) (33)

Utilisation of Ultrasound in Disaster Setting

The ultrasound uses in out-of-hospital setting has been applied in many settings. Military
has used in combat ground, support hospital, and other tertiary health centres. US also
helped in emergency medical service of several disasters such as Haiti earthquake in 2010
and Boston marathon bombing 2013. Ultrasound can be connected through satellite and so
allow guidance and interpretation. In remote and isolated area, ultrasound can be very
effective to help discover occult internal injuries in order to provide accurate initial medical

treatment (5).

Conclusion

These are small number of what ultrasound can do to provide fast diagnosis and helping
medical personnel to perform emergency medical procedures. Ultrasound relatively easy to
carry and through adequate training, it is a handy tool for the EMS personnel who is
performing their duty when disaster happens in a very remote area. As conclusion, we
suggest every EMS personnel who works in disaster management to be equipped with skills
and tools to perform initial ultrasound imaging and guided medical procedures which most

needed in a remote disaster area.

10



References

10.

Sawalha HI, Shamieh JMS, Meaton J. Little details that make a difference : A value-
based approach to disaster management. J Bus Contin Emer Plan. 2018;12(2):180—-
92.

Rifino JJ, Mahon SE. Role of Emergency Medical Services in Disaster Management
and Preparedness. In: Ciottone GR, editor. CIOTTONE’S DISASTER MEDICINE. 2nd
ed. Philadelphia; 2016. p. 13-9.

Soni NJ, Arntfield R, Kory P. Evolution of Point-of-Care Ultrasound. In: Soni NJ,
Arntfield R, Kory P, editors. Point of Care Ultrasound. Philadelphia: Elsevier Inc.;
2015.

Campbell S. A Short History of Sonography in Obstetrics and Gynaecology. Facts
Views Vis Obgyn. 2013;5(3):213-29.

Kimberly HH, Stone MB. Emergency Ultrasound. In: Walls RM, Hockberger RS,
Gausche-Hill M, editors. Rosen’s Emergency Medicine: Concepts and Clinical
Practice. 9th ed. Philadelphia: Elsevier; 2018. p. e49-66.

ACEP Board. Ultrasound Guidelines: Emergency, Point-of-care, and Clinical
Ultrasound Guidelines in Medicine. 2016.

Chesnutt AN, Chesnutt MS, Prendergast NT, Prendergast TJ. Pulmonary Disorders.
In: Papadakis MA, McPhee SJ, Rabow MW, editors. Current Medical Diagnosis
&amp; Treatment 2019 [Internet]. New York, NY: McGraw-Hill Education; 2019.
Available from: http://accessmedicine.mhmedical.com/content.aspx?aid=1161637628
Mitani A, Hakamata Y, Hosoi M, Horie M, Murano Y, Saito A, et al. The incidence and
risk factors of asymptomatic primary spontaneous pneumothorax detected during
health check-ups. BMC Pulm Med [Internet]. 2017 Dec 7 [cited 2019 Apr 7];17(1):177.
Available from: https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-017-
0538-8

Papadakis MA, McPhee SJ, Bernstein J. Pneumothorax, Spontaneous. In: Quick
Medical Diagnosis &amp; Treatment 2018 [Internet]. New York, NY: McGraw-Hill
Education; 2018. Available from:
http://accessmedicine.mhmedical.com/content.aspx?aid=1149671548

Hwang TS, Yoon YM, Jung DI, Yeon SC, Lee HC. Usefulness of transthoracic lung
ultrasound for the diagnosis of mild pneumothorax. J Vet Sci [Internet]. 2018 Sep 30
[cited 2019 Apr 7];19(5):660—6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30041286

11



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Miller A. Practical approach to lung ultrasound. BJA Educ [Internet]. 2016 Feb 1 [cited
2019 Apr 7];16(2):39-45. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S2058534917301099

Ouellet J-F, Ball CG, Panebianco NL, Kirkpatrick AW. The sonographic diagnosis of
pneumothorax. J Emerg Trauma Shock [Internet]. 2011 Oct [cited 2019 Apr
14];4(4):504—7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22090746
Lichtenstein D, Meziére G, Biderman P, Gepner A. The ‘lung point: An ultrasound
sign specific to pneumothorax. Intensive Care Med. 2000;26(10):1434-40.
Lichtenstein DA, Lascols N, Prin S, Meziére G. The ‘lung pulse’: An early ultrasound
sign of complete atelectasis. Intensive Care Med. 2003;29(12):2187-92.

Moore SM, Pieracci FM, Jurkovich GJ. Chest Wall, Pneumothorax, and Hemothorax.
In: Cameron JL, Cameron AM, editors. CURRENT SURGICAL THERAPY. 12th ed.
Philadelphia: Elsevier Inc.; 2017.

Kesieme EB, Dongo A, Ezemba N, Irekpita E, Jebbin N, Kesieme C. Tube
thoracostomy: Complications and its management. Pulm Med. 2012;2012.

Elsayed H, Roberts R, Emadi M, Whittle I, Shackcloth M. Chest drain insertion is not a
harmless procedure — are we doing it safely? Interact Cardiovasc Thorac Surg.
2010;11(6):745-9.

Taylor LA, Vitto MJ, Joyce M, Tozer J, Evans DP. Ultrasound-guided thoracostomy
site identification in healthy volunteers. Crit Ultrasound J [Internet]. 2018;10(1):1-5.
Available from: https://doi.org/10.1186/s13089-018-0108-1

Goodman A, Perera P, Mailhot T, Mandavia D. The role of bedside ultrasound in the
diagnosis of pericardial effusion and cardiac tamponade. J Emerg Trauma Shock
[Internet]. 2012 Jan [cited 2019 Apr 13];5(1):72-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22416160

Solomon SD, Wu JC, Gillam L, Bulwer B. Echocardiography. In: Zipes DP, Libby P,
Bonow RO, Mann DL, Tomaselli GF, Braunwald E, editors. Braunwald’s Heart
Disease: A Textbook of Cardiovascular Medicine. 11th ed. Philadelphia: Elsevier Inc.;
20109.

Petri N, Ertel B, Gassenmaier T, Lengenfelder B, Bley TA, Voelker W. “Blind”
pericardiocentesis: A comparison of different puncture directions. Catheter Cardiovasc
Interv. 2018;92(5):E327-32.

Fields JM, Paziana K, Vuljaj N, Fischer J, Ku BS. Emergency Ultrasound-guided
Pericardiocentesis Using a High-frequency Linear Array Transducer to Improve
Needle Tip Visualization. Acad Emerg Med. 2012;19(5):e16—e16.

Hemmila MR, Wahl WL. Management of the Injured Patient. In: Doherty GM, editor.
CURRENT Diagnosis & Treatment: Surgery, 14e [Internet]. New York, NY: McGraw-

12



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hill Education; 2015. Available from:
http://accessmedicine.mhmedical.com/content.aspx?aid=1105485492

Jones LA. Abdominal Trauma. In: Stone CK, Humphries RL, editors. CURRENT
Diagnosis Treatment: Emergency Medicine [Internet]. New York, NY: McGraw-Hill
Education; 2017. Available from:
http://accessmedicine.mhmedical.com/content.aspx?aid=1144313751

Ighbal M, Noor JM, Karim NA, Ismail I, Sanib H, Mokhtar MA, et al. Point-of-care
airway ultrasonography prior to an emergency cricothyroidotomy: Case report. Sultan
Qaboos Univ Med J. 2018;18(2):€219-22.

Driver BE, Reardon RF. Basic Airway Management and Decision Making. In: Roberts
JR, Custalow CB, Thomsen TW, editors. Roberts and Hedges’ Clinical Procedures in
Emergency Medicine and Acute Care. 7th ed. Philadelphia: Elsevier Inc.; 2019.
Thomas VK, Paul C, Rajeev PC, Palatty BU. Reliability of Ultrasonography in
Confirming Endotracheal Tube Placement in an Emergency Setting. Indian J Crit Care
Med. 2017;21(5):257—261.

Hebert RB, Thomas D. Cricothyrotomy and Percutaneous Translaryngeal Ventilation.
In: Roberts JR, Custalow CB, Thomsen TW, editors. Roberts and Hedges’ Clinical
Procedures in Emergency Medicine and Acute Care. 7th ed. Philadelphia: Elsevier
Inc.; 2019.

Kristensen MS, Teoh WH, Rudolph SS. Ultrasonographic identification of the
cricothyroid membrane: Best evidence, techniques, and clinical impact. Br J Anaesth.
2016;117:i39-48.

Unluer EE, Evrin T, Katipoglu B, Bayata S. A bedside ultrasound technique for fluid
therapy monitoring in severe hypovolemia: Tissue Doppler imaging of the right
ventricle. Interv Med Appl Sci. 2017;9(4):212-4.

Dipti A, Soucy Z, Surana A, Chandra S. Role of inferior vena cava diameter in
assessment of volume status: A meta-analysis. Am J Emerg Med [Internet].
2012;30(8):1414-1419.e1. Available from:
http://dx.doi.org/10.1016/j.ajem.2011.10.017

Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes in arterial waveform
derived variables and fluid responsiveness in mechanically ventilated patients: A
systematic review of the literature. Crit Care Med. 2009;37(9):2642—7.

Finnerty NM, Panchal AR, Boulger C, Vira A, Bischof JJ, Amick C, et al. Inferior Vena
Cava Measurement with Ultrasound: What Is the Best View and Best Mode? West J
Emerg Med. 2017;18(3):496-501.

13



