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Abstract
The role of point-of-care ultrasound in mass casualty incidents (MCIs) is still evolving. Occasionally, hospitals can be destroyed by disasters resulting in large number of trauma patients. CAVEAT and FASTER ultrasound protocols, which are used in MCIs, included extremity ultrasound examination as part of them. The literature supports the use of ultrasound in diagnosing extremity fractures both in hospitals and MCIs. The most recent systematic review which was reported by Douma-den Hamer et al in 2016 showed that the pooled ultrasound sensitivity and specificity for detecting distal forearm fractures was 97% and 95% respectively. Nevertheless, majority of these studies were in children and they had very high heterogeneity. The portability, safety, repeatability, and cost-effectiveness of ultrasound are great advantages when treating multiply injured patients in MCIs. Its potential in managing fractures in MCIs needs to be further defined. The operator should master the technique, understand its limitations, and most importantly correlate the sonographic findings with the clinical ones to be useful. This editorial critically reviews the literature on this topic, describes its principles and techniques, and includes the author’s personal learned lessons so that trauma surgeons will be encouraged to use ultrasound to diagnose fractures in their own clinical practice.
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Core tip:The role of point-of-care ultrasound in mass casualty incidents (MCIs) resulting in large number of trauma patients is still evolving. Radiological workup of these patients is important. The portability, safety, repeatability, and cost-effectiveness of ultrasound are great advantages in these situations. Its potential in managing fractures in MCIs is not fully defined. Its role will depend on different factors. The operator should master the technique, understand its limitations, and most importantly correlate the sonographic findings with the clinical ones. 

INTRODUCTION

New developments in technology have tremendous im​pact on managing trauma patients in austere con​ditions. Occasionally, hospitals can be destroyed or be out of function being stressed with lack of power, large number of trauma patients, and a need for rapid triage[1-3]. Mass casualty incidents (MCIs) occur when the medical needs of injured patients exceed the available medical resources[4,5]. Radiological workup of these patients, in this scenario, is important for accurate diagnosis and triage. So, any disaster management plan should include radiological workup as an integral part of it with full engagement of radiologists[6]. Trauma Computed tomography (CT) scan is not available world​wide and even difficult to transport to the pre-hospital setting. In contrast, high quality portable light ultrasound machines have been used in the pre-hospital setting[6,7]. They have rechargeable batteries that can last up to 4 h[3]. This is a great advantage compared with CT scans and conventional heavy X-ray machines. Point-of-care ultrasound (POCUS) is noninvasive, rapid, and repeatable and can be combined with clinical examination to make critical decisions in triage and resuscitation of shocked patients[8,9]. 

BASIC PHYSICS OF ULTRASOUND

Piezoelectric crystals of the ultrasound probes produce ultrasound waves and receive them. When these waves pass through body tissues, they get reflected depending on the density of the tissues. On the bri​ghtness (B) mode ultrasound images, fluids will be black, soft tissues will be grey, fibrous tissues will be white without a shadow, and bones will be bright white with a shadow. Accordingly, the cortex of long bones will be a white line with a black shadow deeper to it (Figure 1). Reverberation artifact which appears deeper to the cortical hyperdense white line occurs because ultrasound waves bounce between the transducer and the bone cortex. The white reverberation lines represent repetition of the cortical hyperdense white line as picked up by the ultrasound machine. The distance between these lines are equal[10] (Figure 1B). This simple principle is pivotal for mastering diagnosing fractures. Fractures will appear as a complete interruption of the hyperechoic cortical line of the bone or as a cortical defect (Figures 2 and 3).
TECHNICAL CONSIDERATIONS

High frequency linear probes (10-12 MHz) have high resolution and low depth of penetration. Accordingly, they are used for diagnosing fractures[10,11]. It will be easy to perform POCUS on long bones using the linear probe because it gets in direct contact over the long bone (Figure 1A). The patient is asked to point at the maximum point of pain. The finger of the examiner is gently passed over the area to define the suspected area of fracture. This may not be possible in children, geriatrics and unconscious patients. It is always advised to compare the injured region with the normal side especially in children. Starting with the normal side in children will assure them and avoid the pitfall of misdiagnosing ossification centers and epiphysis as fractures[11]. One of the major technical difficulties encountered when detecting fractures of small bones is the irregularity of the bone surface. Accordingly, air may be present between the probe and the bone. Air gives very highly echogenic reflections (white) and can cause a barrier when performing ultrasound. Adequate gel should be applied between the ultrasound probe and skin to reduce the artifacts caused by air (Figure 4). Some may even use water bath as an ultrasound transmitter to reduce the air artifact and pain while examining the patient[11]. Ultrasound is not recommended to be done on open fractures. The diagnosis is already clinically made; this will delay the management, may cause infection, and will be very painful. 

ULTRASOUND IN MCIS

The benefits of using POCUS in MCIs are numerous. Multiple injured patients may need help in austere geographical locations where radiological investigations are not available. POCUS is of great value in these circumstances. Hand-held ultrasound units have been routinely used in hospital and pre-hospital settings as a normal practice with encouraging positive results[7,12,13]. This has increased the experience in using POCUS outside the routine hospital practice in conditions mimicking MCIs. Furthermore, POCUS has been done on patients during helicopter transportation in an unstable environment[14]. POCUS images were transmitted through satellite technology using the principles of telemedicine by evaluating images at distant centers[15]. Despite reduced clarity, overall accuracy in remotely detecting pericardial and peritoneal free fluid was 86%[15]. POCUS images have even been transmitted from the International Space Station to a remote-control center located on the earth yielding acceptable image quality to make clinical decisions[16,17]. Smartphones have been recently used in transmitting ultrasound images which is a very attractive approach in MCIs[18]. 

CLINICAL APPLICATIONS

ATLS have been advocated in many countries as the accepted guidelines in the management of multiply injured patients. This includes primary physiological survey (Airway, Breathing, Circulation, Disability, and Exposure) for treating life-threatening conditions. This is followed by secondary survey which includes examining the patient from head to toe, front and back. POCUS has been very useful in the primary survey to define the source of shock in multiply injured patients[19,20]. 

Diagnosing fractures by ultrasound should be part of the secondary survey. Certain protocols, like the CAVEAT protocol and FASTER protocol were developed to use portable ultrasound in the MCIs. They included extremity ultrasound examination in these protocols[4,5,21]. The CAVEAT protocol (Chest, Abdomen, Vena cava, and Extremities for Acute Triage) included ultrasound extremity examination as part of the triage during the secondary survey[4,5]. The FASTER protocol added the Extremity and Respiratory evaluation to the classical Focused Assessment Sonography for Trauma (FAST) examination[21]. Hand held ultrasound could properly diagnose long bone fractures in military conditions[22]. Dulchavsky et al[21] used portable machines with linear probes in 95 patients who had extremity injuries (158 extremity examinations). Ninety-four percent of these patients were accurately diagnosed. Ultrasound can diagnose occult fractures that can be missed by conventional X-rays because it is very sensitive to cortical defects[5,23] (Figure 4). 

May and Grayson[24], in a Best Evidence Report published in 2009, critically appraised four papers. They reported that the results of using ultrasound to diagnose fractures of the wrist in children are very encouraging with high sensitivity reaching above 90%. Furthermore, they stressed the need for larger studies to prove their conclusions[24]. A systematic review and meta-analysis, which was published in 2013, showed that ultrasound was accurate in diagnosing extremity fractures. This study searched MEDLINE and EMBASE during the period of 1965 to 2012[25]. They included 8 studies in their final review. Six of these were in children. All studies used convenient, and not consecutive, samples. Ultrasound sensitivity for detecting extremity fractures ranged between 83% and 100%. The positive likelihood ratio ranged between 3.2 and 56.

An excellent recent systematic review and meta-analysis of high quality evaluated the diagnostic ac​curacy of ultrasound for distal forearm fractures[26]. The authors searched PubMed, EMBASE and Cochrane database and included 16 studies in their final meta-analysis. Almost all studies used convenient samples but their overall quality was average to high. Majority were in children. The pooled ultrasound sensitivity and specificity for detecting distal forearm fractures were 97% and 95% respectively. The positive likelihood ratio was 20. Nevertheless, the heterogeneity of the sensitivity and specificity of the studies was very high (82% and 87%) with a very significant p value from the chi-squared test (P < 0.0001).

POCUS TRAINING

The ultrasound guidelines for the American College of Emergency Physicians advocates the diagnosis of fractures by emergency physicians[11]. According to the CAVEAT protocol, extremity assessment by ultrasound is one of the most difficult skills to be achieved[4]. The results of ultrasound depend on three main factors: (1) training and experience of the operator; (2) qu​ality of the machine; and (3) the studied region of the patient[27]. Operators’ experience in ultrasound varies tremendously which may dramatically affect its results[28,29]. This is important when defining the role of ultrasound in MCIs. In principle, POCUS training should be incorporated into the surgical and emergency physicians training. Ultrasound training should include understanding the basic physics, instrumentation and image interpretation[30,31]. Different methods have been used to achieve that including human models, patients, video clips, cadavers, simulation technology, and animal models[29,32-34].

PERSONAL VIEW 

Although the discussed principles in this article look easy, I find it occasionally difficult to diagnose very minor fractures. The main reason is that it takes time to do a full screening especially for minor fractures in seriously injured patients. This is a limitation which has been acknowledged by others[6]. There is no doubt that POCUS is very useful to early diagnose fractures of long bone as they may cause shock. It is questionable whether diagnosing small bone fracture will have a long-term advantage on these patients. 

Twenty-five years ago, no one would have ima​gined the place that POCUS will take in managing multiple trauma patients. The role of POCUS in MCIs in austere conditions is still evolving. Its potential is not yet fully defined. Its role in managing fractures will depend on different factors. The operator should master the technique, understand it limitations, and most importantly correlate the sonographic findings with the clinical ones. No doubt that portability, safety, repeatability, and cost-effectiveness of ultrasound are great advantages when treating multiply injured patients in MCIs. The technology is there but it is our duty to define its real value.
REFERENCES

1
Dan D, Mingsong L, Jie T, Xiaobo W, Zhong C, Yan L, Xiaojin L, Ming C. Ultrasonographic applications after mass casualty incident caused by Wenchuan earthquake. J Trauma 2010; 68: 1417-1420 [PMID: 20234325 DOI: 10.1097/TA.0b013e3181c9b301]

2
Sarkisian AE, Khondkarian RA, Amirbekian NM, Bagdasarian NB, Khojayan RL, Oganesian YT. Sonographic screening of mass casualties for abdominal and renal injuries following the 1988 Armenian earthquake. J Trauma 1991; 31: 247-250 [PMID: 1994085 DOI: 10.1097/00005373-199131020-00016]

3
Becker DM, Tafoya CA, Becker SL, Kruger GH, Tafoya MJ, Becker TK. The use of portable ultrasound devices in low- and middle-income countries: a systematic review of the literature. Trop Med Int Health 2016; 21: 294-311 [PMID: 26683523 DOI: 10.1111/tmi.12657]

4
Wydo SM, Seamon MJ, Melanson SW, Thomas P, Bahner DP, Stawicki SP. Portable ultrasound in disaster triage: a focused review. Eur J Trauma Emerg Surg 2016; 42: 151-159 [PMID: 26038019 DOI: 10.1007/s00068-015-0498-8]

5
Stawicki SP, Howard JM, Pryor JP, Bahner DP, Whitmill ML, Dean AJ. Portable ultrasonography in mass casualty incidents: The CAVEAT examination. World J Orthop 2010; 1: 10-19 [PMID: 22474622 DOI: 10.5312/wjo.v1.i1.10]

6
Berger FH, Körner M, Bernstein MP, Sodickson AD, Beenen LF, McLaughlin PD, Kool DR, Bilow RM. Emergency imaging after a mass casualty incident: role of the radiology department during training for and activation of a disaster management plan. Br J Radiol 2016; 89: 20150984 [PMID: 26781837 DOI: 10.1259/bjr.20150984]

7
O’Dochartaigh D, Douma M. Prehospital ultrasound of the abdomen and thorax changes trauma patient management: A systematic review. Injury 2015; 46: 2093-2102 [PMID: 26264879 DOI: 10.1016/j.injury.2015.07.007]

8
Abu-Zidan FM. Point-of-care ultrasound in critically ill patients: Where do we stand? J Emerg Trauma Shock 2012; 5: 70-71 [PMID: 22416159 DOI: 10.4103/0974-2700.93120]

9
Abu-Zidan FM. On table POCUS assessment for the IVC following abdominal packing: how I do it. World J Emerg Surg 2016; 11: 38 [PMID: 27499803 DOI: 10.1186/s13017-016-0092-3]

10
Abu-Zidan FM, Hefny AF, Corr P. Clinical ultrasound physics. J Emerg Trauma Shock 2011; 4: 501-503 [PMID: 22090745 DOI: 10.4103/0974-2700.86646]

11
Saul T, Ng L, Lewiss RE. Point-of-care ultrasound in the diagnosis of upper extremity fracture-dislocation. A pictorial essay. Med Ultrason 2013; 15: 230-236 [PMID: 23979619 DOI: 10.11152/mu.2013.2066.153.ts1ln2]

12
Walcher F, Weinlich M, Conrad G, Schweigkofler U, Breitkreutz R, Kirschning T, Marzi I. Prehospital ultrasound imaging improves management of abdominal trauma. Br J Surg 2006; 93: 238-242 [PMID: 16329081 DOI: 10.1002/bjs.5213]

13
Kirkpatrick AW, Simons RK, Brown R, Nicolaou S, Dulchavsky S. The hand-held FAST: experience with hand-held trauma sonography in a level-I urban trauma center. Injury 2002; 33: 303-308 [PMID: 12091025 DOI: 10.1016/S0020-1383(02)00017-7]

14
Price DD, Wilson SR, Murphy TG. Trauma ultrasound feasibility during helicopter transport. Air Med J 2000; 19: 144-146 [PMID: 11142976 DOI: 10.1016/S1067-991X(00)90008-7]

15
Strode CA, Rubal BJ, Gerhardt RT, Christopher FL, Bulgrin JR, Kinkler ES Jr, Bauch TD, Boyd SY. Satellite and mobile wireless transmission of focused assessment with sonography in trauma. Acad Emerg Med 2003; 10: 1411-1414 [PMID: 14644799 DOI: 10.1111/j.1553-2712.2003.tb00021.x]

16
Sargsyan AE, Hamilton DR, Jones JA, Melton S, Whitson PA, Kirkpatrick AW, Martin D, Dulchavsky SA. FAST at MACH 20: clinical ultrasound aboard the International Space Station. J Trauma 2005; 58: 35-39 [PMID: 15674147 DOI: 10.1097/01.TA.0000145083.47032.78]

17
Chiao L, Sharipov S, Sargsyan AE, Melton S, Hamilton DR, McFarlin K, Dulchavsky SA. Ocular examination for trauma; clinical ultrasound aboard the International Space Station. J Trauma 2005; 58: 885-889 [PMID: 15920397 DOI: 10.1097/01.TA.0000162456.37962.01]

18
Crawford I, McBeth PB, Mitchelson M, Tiruta C, Ferguson J, Kirkpatrick AW. Telementorable “just-in-time” lung ultrasound on an iPhone. J Emerg Trauma Shock 2011; 4: 526-527 [PMID: 22090753 DOI: 10.4103/0974-2700.86654]

19
Abu-Zidan FM. Optimizing the value of measuring inferior vena cava diameter in shocked patients. World J Crit Care Med 2016; 5: 7-11 [PMID: 26855888 DOI: 10.5492/wjccm.v5.i1.7]

20
Seif D, Perera P, Mailhot T, Riley D, Mandavia D. Bedside ultrasound in resuscitation and the rapid ultrasound in shock protocol. Crit Care Res Pract 2012; 2012: 503254 [PMID: 23133747 DOI: 10.1155/2012/503254]

21
Dulchavsky SA, Henry SE, Moed BR, Diebel LN, Marshburn T, Hamilton DR, Logan J, Kirkpatrick AW, Williams DR. Advanced ultrasonic diagnosis of extremity trauma: the FASTER examination. J Trauma 2002; 53: 28-32 [PMID: 12131385 DOI: 10.1097/00005373-200207000-00006]

22
Brooks AJ, Price V, Simms M, Ward N, Hand CJ. Handheld ultrasound diagnosis of extremity fractures. J R Army Med Corps 2004; 150: 78-80 [PMID: 15376408 DOI: 10.1136/jramc-150-02-01]

23
Allen GM. Shoulder ultrasound imaging-integrating anatomy, biomechanics and disease processes. Eur J Radiol 2008; 68: 137-146 [PMID: 18430537 DOI: 10.1016/j.ejrad.2008.02.024]

24
May G, Grayson A. Towards evidence based emergency medicine: best BETs from the Manchester Royal Infirmary. Bet 4: the use of ultrasound in the diagnosis of paediatric wrist fractures. Emerg Med J 2009; 26: 822-825 [PMID: 19850815 DOI: 10.1136/emj.2009.082909]

25
Joshi N, Lira A, Mehta N, Paladino L, Sinert R. Diagnostic accuracy of history, physical examination, and bedside ultrasound for diagnosis of extremity fractures in the emergency department: a systematic review. Acad Emerg Med 2013; 20: 1-15 [PMID: 23570473 DOI: 10.1111/acem.12058]

26
Douma-den Hamer D, Blanker MH, Edens MA, Buijteweg LN, Boomsma MF, van Helden SH, Mauritz GJ. Ultrasound for Distal Forearm Fracture: A Systematic Review and Diagnostic Meta-Analysis. PLoS One 2016; 11: e0155659 [PMID: 27196439 DOI: 10.1371/journal.pone.0155659]

27
Radwan MM, Abu-Zidan FM. Focussed Assessment Sonograph Trauma (FAST) and CT scan in blunt abdominal trauma: surgeon’s perspective. Afr Health Sci 2006; 6: 187-190 [PMID: 17140344]

28
Förster R, Pillasch J, Zielke A, Malewski U, Rothmund M. Ultrasonography in blunt abdominal trauma: influence of the in​vestigators’ experience. J Trauma 1993; 34: 264-269 [PMID: 8459468 DOI: 10.1097/00005373-199302000-00016]

29
Mohammad A, Hefny AF, Abu-Zidan FM. Focused Assessment Sonography for Trauma (FAST) training: a systematic review. World J Surg 2014; 38: 1009-1018 [PMID: 24357247 DOI: 10.1007/s00268-013-2408-8]

30
Rozycki GS, Shackford SR. Ultrasound, what every trauma surgeon should know. J Trauma 1996; 40: 1-4 [PMID: 8576968 DOI: 10.1097/00005373-199601000-00001]

31
Abu-Zidan FM, Freeman P, Mandavia D. The first Australian workshop on bedside ultrasound in the Emergency Department. N Z Med J 1999; 112: 322-324 [PMID: 10493445]

32
Abu-Zidan FM, Dittrich K, Czechowski JJ, Kazzam EE. Establishment of a course for Focused Assessment Sonography for Trauma. Saudi Med J 2005; 26: 806-811 [PMID: 15951874]

33
Abu-Zidan FM. An apple and a knife to teach basic echo​cardiography. Med Educ 2009; 43: 1020 [PMID: 19769653 DOI: 10.1111/j.1365-2923.2009.03450.x]

34
Abu-Zidan FM, Siösteen AK, Wang J, al-Ayoubi F, Lennquist S. Establishment of a teaching animal model for sonographic diagnosis of trauma. J Trauma 2004; 56: 99-104 [PMID: 14749574 DOI: 10.1097/01.TA.0000038546.82954.3D]
FIGURE LEGENDS

[image: image1.png]



Figure 1  Ultrasound examination of the tibial shaft. A linear probe having a frequency of 10-12 MHz was used (A). The marker (yellow arrow) is pointing proximally. The plain surface of the tibia makes the examination easy. Normal ultrasound findings (B) include a hyperechoic line (yellow arrows) representing the cortical line of the bone. There are reverberation artifacts deeper to this line (white arrows). These are linear lines parallel to the cortex, having the same distance between them and decreasing in density. A black shadow is located deeper to that. S: Sonographic shadow of the shaft of the tibia. Ultrasound study was performed by Professor Fikri Abu-Zidan, Department of Surgery, Al-Ain Hospital, Al-Ain, UAE.

[image: image2.png]



Figure 2  Point-of-care ultrasound of a 42-year-old laborer who fell from 8 meters high during work. The patient presented with pain, swelling and deformity of the left arm. He had left wrist drop. B mode point-of-care ultrasound of the humeral shaft using a linear probe having a frequency of 10-12 MHz (A) showed that the white cortical line of the humeral shaft (yellow arrows) has been interrupted by a large gap (red arrow) suggesting a displaced fracture at the shaft. X-ray of the humerus (B) confirmed the presence of a displaced fracture (white arrow). S: Sonographic shadow of the humeral shaft; H: Hematoma at the edge of the fracture. Ultrasound study was performed by Professor Fikri Abu-Zidan, Department of Surgery, Al-Ain Hospital, Al-Ain, UAE.
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Figure 3  Point-of-care ultrasound of a 40-year-old front seat male passenger who was involved in a front impact collision with a tree. When presenting to the hospital, he had severe pain, swelling and limitation of the movement of the right shoulder (A). B mode point-of-care ultrasound of the right shoulder using a linear probe having a frequency of 10-12 MHz (B) shows that the humeral head (dashed arrow) and the greater humeral tuberosity (white arrow). There is a discontinuity of the bony line (yellow arrow head) indicating a fracture in the greater tuberosity. A small piece of fractured bone is also seen near the humeral head (white arrow head). Three-dimensional bony reconstruction of the right shoulder confirms the ultrasound findings (C). Ultrasound study was performed by Professor Fikri Abu-Zidan, Department of Surgery, Al-Ain Hospital, Al-Ain, UAE.
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Figure 4  Point-of-care ultrasound of a 60-year-old man who twisted his left ankle and could not walk on it. He had swelling of the left foot with maximum tenderness on the base of second metatarsal bone (A). The yellow arrow indicates the marker of linear probe which is shown on the left side of the screen while the groove on the other side is shown on the right side of the screen. B mode images of the previous patient showed a cortical defect (yellow arrow) at the base of the second metatarsal bone suggestive of a fracture (B). Plain X-ray of the foot confirmed these findings (C). Ultrasound study was performed by Professor Fikri Abu-Zidan, Department of Surgery, Al-Ain Hospital, Al-Ain, UAE.
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