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Abstract
Despite its proven high utility, integration of pocked-sized portable ultrasound (US) into internal medicine residency training remains inconsistent. For 10 years, we have held a 1-d seminar biannually, consisting of lecture (half-day) and hands-on training (half-day) on pocket-sized US of the abdomen and lungs. The lecture consists of training on US physics and clinical applications of pocket-sized US, followed by a lecture covering the basic anatomy of the abdomen and lungs and introducing the systemic scanning method. Given the simple structure of pocket-sized US devices, understanding the basic physics is sufficient yet necessary to operate the pocket-sized US device. It is important to understand the selection of probes, adjustment of B mode gain, adjustment of color gain, and acoustic impedance. Basic comprehension may have a significant positive impact on the overall utilization of pocket-sized US devices. The easiest and most reliable way to observe the whole abdomen and lungs is a combination of transverse, sagittal, and oblique scanning, pursuing the main vascular system from the center to the periphery of the organ in the abdomen and systemic scanning of the pleura. There is usually a marked change in knowledge and attitudes among the program participants, although skill gaps remain among them. We discuss the limitations and problems to this education system as well.
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Core Tip: Despite its high utility, there is no standardized method to integrate pocked-sized ultrasound (US) into daily clinical settings. We present here our 1-d seminar for residents that consists of lecture and hands-on training on pocket-sized US. The lecture consists of training on US physics and clinical applications of pocket-sized US, covering basic anatomy, and introducing the systemic scanning method. Understanding of some basic physics is necessary to operate the pocket-sized US device. Although the residents’ skill gaps remain, the seminar yields a marked change in knowledge and attitude towards pocket-sized US.


INTRODUCTION
As the worldwide population rapidly ages, a concurrent rapid increase in the global financial healthcare burden has been observed[1]. The resources available for daily clinical practice are generally limited. Thus, simple, effective, and realistic systemic methods in patient care and medical education are urgently required. Actual clinical scenarios are varied, complex, and require a prompt response. Thus, the traditional medical approaches (inspection, palpation, auscultation, or other components of the physical examination and laboratory data analysis) cannot immediately answer the questions raised during clinical practice[2,3]. Addition of a “scientific eye” in the hand is expected to resolve such problems to a certain degree. 
Recent advances in ultrasound (US) technology have made US instruments continuously smaller[4]. Among all of the medical imaging tools, the US device is the only instrument to be miniaturized. In the past, US examination was performed by radiologists using a bulky, expensive, and specialized machine with sophisticated functions in a specialized room[5]. US is currently utilized as an important adjunct to physical examination in a wide range of clinical situations due to the development of small-sized devices[6]. Portable US devices were first used in cardiology[7,8] then in emergent medicine[9,10]. A comparative study between fifth-year medical students using US and cardiologists not using US showed that the former achieved a correct diagnosis 75% of the time, while the latter achieved a correct diagnosis 49% of the time, indicating the importance of visual information in the diagnosis[8]. It also suggests that practitioners unexperienced with US can obtain adequate proficiency with minimal training. 
The benefits of portable US are that it is widely available, and carries no risk of radiation exposure. However, an important disadvantage to using this tool is that its diagnostic accuracy is highly operator-dependent, and errors occur during image acquisition and image interpretation (like in traditional US examination)[4]. Furthermore, there is no standardized technique among examiners for observing the abdomen by portable US[11]. However, the benefits of portable US must be emphasized against such inconveniences, and US education is important to extend the benefit of portable US devices. Recent studies have reported favorable results of US education for medical students[12-14]. Though in our opinion, US education for new residents are more meaningful than for medical students. At the residency level, there is a deeper understanding of balancing portable US results and patient characteristics to establish clinical decision making. This background motivated us to begin a portable US education seminar intended for new internal medicine residents.
In this review, we present our US education 1-d seminar for new (post graduate year-1 or -2) internal medicine residents that focuses on the use of pocket-sized US on the abdomen and lungs. The goal of the seminar is for residents to have the confidence to integrate pocket-sized US results into their clinical decision making.

THE POCKET-SIZED US EDUCATION SEMINAR
The use of portable US devices has recently been adopted more frequently in clinical settings, and the market is flourishing[15]. Portable US devices have passed through three generations: Laptop-associated devices (personal computer-sized machine coupled with multiple applications), hand-carried devices (book-sized machine carried by hand), and hand-held devices (portable and able to fit in the pocket of a clinician’s white coat, thus referred to as pocket-sized US). Each US company has different built-in applications, such as Doppler display, puncture guidance, and distance or volume measurement[16]. 
Pocket-sized US devices are usually used by unexperienced non-radiologist general clinicians under the name of “US stethoscope”[4] to complement clinical examination and provide immediate visual correlates of clinical findings. The concept of a US stethoscope is expanding worldwide, but like high-end US machines, pocket-sized US devices are effective in the hands of experienced examiners. Furthermore, comparative studies between pocket-sized US and high-end US have stressed some important points: the image quality of pocket-sized US is slightly inferior to high-end US but still satisfactory for clinical use[17,18]. US measurement by pocket-sized US devices is feasible, and acoustic power of the US machine strongly affects the penetration and resolution of the US image [mechanical index: 0.9-1.0 (pocket-sized US) vs 1.8 (high-end US)]. Pocket-sized US devices will not replace a high-end US machine and the need for detailed US examination by experienced radiologists will always be present, but there is value in the pocket-sized US examination.
Since 2010, we have biannually hosted a 1-d seminar consisting of lecture (half-day) and hands-on training (half-day) on portable US devices to increase the number of portable US operators and to develop the examination skills among new residents. For this hands-on training, we use pocket-sized US devices because of their portability and affordability (the most important characteristic of portable US devices when thinking of expected future applications). The aim of this seminar is to familiarize residents with pocket-sized US devices but not to immediately increase their US capability. 
In the lecture, we begin with a simple lecture about fundamental US physics to optimize pocket-sized US application and to minimize errors in device manipulation and US image interpretation. The next lecture covers the basic anatomy of the abdomen and lungs as well as introducing systemic scanning procedures (Figure 1). In the lecture, we present both high-end US images and pocked-sized US images simultaneously in order to compare these images. This comparison is necessary to become familiar with the slightly inferior image quality of pocket-sized US (Figure 2). In the remaining time, we present a few model cases where pocked-sized US information helped create a patient care strategy followed briefly by a lecture on built-in applications including color Doppler US.

HALF-DAY LECTURE
Mini lecture on simple US physics and instrumentation
Compared with sophisticated and complex high-end applications, such as contrast-enhanced US and shear wave elastography, the pocket-sized US device has a simple structure. Understanding basic physics is sufficient but necessary to begin to operate the pocket-sized US device. During this lecture, we stress four basic points of US physics needed to prevent device manipulation errors[19]: Selection of probes (high-frequency linear probe for superficial areas, such as the gastrointestinal tract and pleura or conventional sector (convex) probe for deep areas, such as liver and abdominal vessels), adjustment of B mode gain, adjustment of color gain, and problems related with acoustic impedance/the reason why US detection of stones (biliary, renal, and others) and fluid collection (ascites, pleural effusion, and others) is highly sensitive. This basic comprehension has a significant positive impact on the utilization of pocket-sized US devices.

Probe selection: With the transducer, the US beams are steered at varying angles from one side to the other to produce a sector format. This format permits a large, deep field of view, but its near field focus is reduced. Therefore, this format is unsuitable for observing superficial areas. The linear probe activates a group of elements to generate perpendicular US beams, which provide a high resolution in the near field[20]. As a result, probe selection is dependent on the type of organ to be observed (Figure 3).

Adjustment of B mode gain: The echo signal amplitudes are usually compressed in order to be accommodated by the display. This accommodation serves to visualize a wide range of echo signals on the display but reduces the real differences in the echo signal amplitude. As a result, when B mode gain is too low or too high, we cannot recognize small differences in echogenicity (echo signal amplitude). Thus, B mode gain should be adjusted in order to not overlook the abnormality (Figure 4).

Adjustment of color gain: In color Doppler US, flow velocity in each point is indicated by color brightness: the higher the velocity, the brighter the color. Color Doppler gain is the receiver end amplification of the Doppler signal. The Doppler gain is usually increased to the maximum limit just before the background noise is seen. If color Doppler gain is too high, then the field of view is filled with noise. If it is too low, then useful Doppler data is not seen on the display. Thus, color Doppler gain must be properly adjusted to gain useful hemodynamic information (Figure 5).

US physics related to stones and fluid: Acoustic impedance is an important property of tissues. It is defined as the tissue density multiplied by its propagation velocity of sound[21]. Acoustic impedance changes according to the tissue (e.g., water: 1.48 × 106 kg/m2/s, liver: 1.65 × 106 kg/m2/s, bone: 7.80 × 106 kg/m2/s)[21]. When passing through two tissues of different acoustic impedance, some portion of the US is reflected. Its reflection degree depends on the difference in acoustic impedance between two tissues. The reflection of the US is larger between water (fluid collection) and soft tissue than between two soft tissues, leading to the fact that fluid collection is clearly margined and easily detected[22]. The reflection of the US is larger between soft tissue and stone. Almost all the US is reflected at the stone surface. Therefore, stones are easily and correctly detected by US[23] (Figure 6).

Mini lecture on fundamental scanning methods
For detailed US diagnosis, the examiner is expected to make a differential diagnosis of a wide spectrum of diseases. Meticulous scanning techniques are required for this purpose. However, because most participants do not have sufficient prior knowledge of US examination, our initial effort is focused on understanding the global normal anatomy. The combination of transverse, sagittal, and oblique (intercostal) scanning (Figures 7 and 8) permits the efficient observation of the abdominal organs. The most reliable way to observe each organ (liver, pancreas, spleen, and kidneys) is to pursue the main vascular system (landmark) from the center to the periphery of the organ. After the training in each organ, the parenchymal echostructures around the vessel are presented. Recognition of these landscapes serves to detect abnormal lesions. Use of the high-frequency linear probe permits the observation of the pleura (Figure 9). The hands-on training following this short lecture reinforces the anatomical knowledge of the abdomen/Lungs and the technical skills (transducer handling, portable US device manipulation, and confidence in abdominal observation by pocket-sized US).

Presentation of model cases
Then, we present several clinical cases where portable US was useful for confirming a wide spectrum of clinical applications.

Case 1: A 35-year-old female with known repetitive gastric ulcers presented with abdominal pain and nausea visited our outpatient clinic (Gastroenterology). Initially, the clinician may suspect a recurrence of the gastric ulcers. Though the patient denied the possibility of pregnancy, the use of a pocket-sized US device confirmed the pregnancy. The proper use of the pocket-sized US device led to reduced ionizing radiation exposure and allowed to the transfer of the patient to the gynecology section (Figure 10). 

Case 2: A 72-year-old female with severe abdominal pain visited our emergency department. The pain was so severe that she could not move from the ambulance. A pocket-sized US device revealed an impacted gallbladder stone. The pain worsened upon probe compression of the gallbladder, which led to the diagnosis of acute stone-impact-induced cholecystitis. The patient was immediately treated. The pocket-sized US device significantly reduced the time to diagnosis (Figure 11).

Case 3: A 41-year-old female was admitted to our hospital with a chief complaint of hepatic dysfunction. She was almost asymptomatic. A pocket-sized US device was used as part of the physical examination during rounds. The US revealed a small amount of ascites around the liver, and her gallbladder collapsed. Biochemical examination was immediately ordered and showed markedly elevated transaminases and coagulopathy. She was diagnosed with severe acute hepatitis, and energic treatment began immediately (Figure 12). 
Although these US examinations were successfully performed by skillful pocket-sized US practitioners, the program participants can image how to utilize a pocket-sized US device in their own clinical setting[22-24].

Built-in applications in pocket-sized US devices
Each US company has different built-in applications, such as a Doppler display (Figures 2 and 5), embedded in almost all devices. Puncture guidance is embedded in about half of all devices[25], and distance or volume measurement function is embedded in a small number of devices (Figure 13)[16,26]. Biplane imaging is embedded in a limited number of devices[27], and wireless function is embedded in a small number of devices (Figure 14).

HALF-DAY HANDS-ON TRAINING
Following the half-day lecture, the participants are divided into five or six groups (4-5 participants/group). Each participant receives hands-on training for 30 min under the supervision of experienced US physicians (5 min each for liver, biliary system, pancreas, vascular system, digestive tract, and lungs) with both a high-end machine and a pocked-sized US device for comparison. The abdomen is generally observed by a medium frequency transducer (Figure 8), and the pleura is observed by a high-frequency linear probe with a focus on pleura (Figure 9)[28-32]. All instructors are certified as registered Senior Medical Sonographers and fellowship-obtained highly diagnostic doctors of the Japan Society of Ultrasonics in Medicine. The participants are required to register in advance because the numbers of instructors and US machines are limited.
After the seminar, participants answer a questionnaire to determine whether: (1) The 1-d seminar was useful; (2) The lecture on basic US physics helped in understanding pocket-sized US application; (3) Their general attitude toward the clinical utility of US and pocket-sized US improved; (4) Presentation of clinical cases was meaningful; and (5) They feel that their skill increased after the hand-on training. Thus far, the responses have been unanimously the same: stressing the efficacy of the seminar, especially the lecture on US physics and case presentation, but that their skill gap remains. We have performed one year later a post-seminar questionnaire to the participants, to determine whether (1) Their general attitude towards the clinical utility of pocket-sized US has changed; (2) They perform pocket-sized US in daily practice; and (3) If not, what is the most important barrier. The responses have unanimously stressed that their understanding of the utility of pocket-sized US continue after the seminar. However, no participants use pocket-sized US device in daily practice despite their desire to perform it. The most important barrier is the cost of device (about 8000-10000 US dollars in Japan).

USE OF POCKET-SIZED US DEVICES IN CLINCAL SETTINGS
There are a wide range of possible applications for pocket-sized US devices in offering advanced diagnostic capability to benefit patient care in the clinical setting. They include the following situations.

Emergency
Due to recent advances in US technology and informatics, wireless probes are now a reality (Figure 14). Remote telesonography has the potential to improve the quality of patient care. Pocket-sized US devices are particularly important in situations where the time of examination is urgent (emergency room, intensive care) or the location favors the use of pocket-sized devices (remote locations)[33,34]. More advanced technologies will guarantee rapid transfer of US information to hospitals to provide the best medical care. Becoming wireless is a meaningful function[35]. Furthermore, remote telesonography will improve the quality of US applications in underserved communities[36]. Lesser trained examiners will be able to obtain and interpret US images that impact patient care immediately[37].

Outpatient clinics
Clinicians at outpatient clinics see a range of abdominal problems. The differential diagnosis includes digestive tract, hepatobiliary and pancreatic diseases, and gynecological and urogenital diseases. Portable US provides clinically significant visual information that is not obtainable by physical examination and helps decrease the diagnosis time[38,39]. 

Inpatient care
The biggest advantage of pocket-sized US devices is the time savings (booting time, transfer, bedside positioning). The most useful function of portable US is the global estimation of fluid volume (ascites, pleural effusion, pericardial effusion) under drug therapy[4]. Pocket-sized US may be repeated due to clinical need but is typically performed for monitoring physiologic or pathologic changes of admitted patients[40]. In addition, US-guided procedures provide safety to a wide variety of punctures (ascites, bile duct, abscess) (Figure 13).
Decontamination assessment must never be compromised. Some recent studies have shown that pocket-sized US performed efficiently as a tool for screening a variety of diseases[16,20,29,30,34,41]. The pocket-sized US devices were also used successfully by other healthcare providers, such as nurses and physical therapists. Additionally, pocket-sized US may be feasible for guiding aspiration needles for the drainage of abscesses, ascites aspiration, etc.

Family medicine
The compact size of the pocket-sized US device makes it possible to carry in a doctor bag when visiting patients[4,42,43]. The clinicians feel confident using the pocket-sized US when caring for patients in limited medical conditions[44]. Physicians proficient in its use can quickly answer specific questions at the bedside[45].

CONCLUSION
In this review, we have presented our 1-d method for implementation of pocket-sized US into the clinical setting. The biannual nature of the seminar is insufficient for completely integrating the pocket-sized US device into frequent clinical use. However, this method contributes to new residents gaining confidence in using the pocket-sized US despite the skill gap remaining. However, there are many limitations. There are a small number of US experts who can correctly and efficiently teach US physics and abdominal anatomy to new doctors and supervise their hands-on training. The ”teach-the-teacher” system is important for training new US practitioners[46,47]. Costs related to US equipment may present additional (and the most important) obstacles to develop and continue pocket-sized US training programs. We recommend that all the US leaders and experts find the means to integrate pocket- sized US into clinical setting through the training of new clinicians.
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Figure Legends
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Figure 1 Lecture by a clinician who specializes in ultrasound. The lecture covers basic ultrasound physics and simple ultrasound anatomy of the abdomen.
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Figure 2 Simultaneous presentation of ultrasound images of a portal thrombus. A: High-end ultrasound B mode; B: High-end ultrasound color Doppler; C: Pocket-sized ultrasound B mode; D: Pocket-sized ultrasound color Doppler. These comparisons are used to understand the difference in image quality between the two machines. It also confirms that pocket-sized ultrasound is sufficient for diagnoses. *: Thrombus in the portal vein. 
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Figure 3 Ultrasound image by different probes on a pocket-sized ultrasound device. A: High-frequency linear probe; B: 1.7-3.8 MHz sector probe. The linear probe is used to visualize superficial areas, and the sector probe is used for observing deep areas. In this case of a small liver tumor situated at the hepatic surface, the lesion was detected by the linear probe (→) but not the sector probe. 
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Figure 4 B mode gain setting (hepatic cyst). A: B mode is too high; B: B mode is well-adjusted; C: B mode is too low. The lesion anechoic mass (arrowhead) with acoustic enhancement (arrow) is clearly seen only when the B mode gain is well-adjusted. 
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Figure 5 Color Doppler gain setting (normal portal vein). A: Gain setting is too high; B: Gain setting is well-adjusted; C: Gain setting is too low. Portal venous flow is not detected when color gain setting is too low (C) and is covered by color noise when it is too high (A). 
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Figure 6 Pocket-sized ultrasound images of gallbladder stones and ascites. A: A 1-cm stone; B: A small amount of ascites. A 1-cm stone (A) and a small amount of ascites (B) is clearly visualized as a strong echo (arrow) with acoustic shadowing (curved arrow) in the former and an echo-free space in the latter (arrowhead). 
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Figure 7 Schematic drawing of basic scanning planes of the abdomen. The combination of these indicated planes permits quick observation of the whole abdomen. The transverse plane of the upper abdomen is for observation of the pancreas. The right upper abdominal plane is for observation of the liver and the gallbladder. The left upper abdominal plane is for observation of the spleen and left kidney. The sagittal plane is for observation of the abdominal aorta and its branches. L: Left upper plane; R: Right upper plane; S: Sagittal plane; T: Transverse plane. 

[image: ]
Figure 8 Representative ultrasound images of the abdominal scanning procedure. A: The right upper abdominal scanning plane permits the observation of the liver (right lobe); B: Through the transverse scanning plane, the pancreas and the neighboring vessels are clearly demonstrated. 
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Figure 9 Pocket-sized ultrasound image of the pleura. A: Basic scanning planes of the chest (right) by ultrasound; B: Ultrasound image of normal pleura showing a typical A line (arrow); C: Ultrasound image of B line (arrowhead) and consolidation of the lung (curved arrow). 
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Figure 10 Case presentation 1 of undesirable pregnancy causing abdominal symptoms. A: At presentation, the patient denied the possibility of pregnancy. However, pocket-sized B mode performed as part of a general physical examination revealed an embryo (arrow) in her lower abdomen. B and C: Color Doppler was particularly useful for confirming the baby’s cardiac movement. Daily use of pocket-sized ultrasound can lead to a reduction in ionizing radiation and time to correct diagnosis. 
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Figure 11 Case presentation 2 of abdominal pain so severe that the patient could not move. The patient’s abdominal pain was so severe that she could not move from the ambulance. Pocket-sized ultrasound performed in the ambulance revealed a gallbladder stone impact (arrow), leading to the diagnosis of acute stone-impact-induced cholecystitis. 
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Figure 12 Case presentation 3 of asymptomatic patient with acute hepatitis. The patient was asymptomatic upon admission. A: Pocket-sized ultrasound performed as part of a physical examination during medical rounds revealed a small amount of ascites (arrow) around the liver; B: The gallbladder was collapsed (arrowhead). She was diagnosed with severe acute hepatitis, and an energic treatment began immediately. 

[image: ]
Figure 13 Built-in volume measurement application in pocket-sized ultrasound device. This function is useful for evaluating urine volume in elderly patients. A: Scanning with pocket-sized ultrasound device; B: Urine volume display.
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Figure 14 Built-in wireless function application in pocket-sized ultrasound device. This function is particularly important when sending ultrasound information from distant locations (ambulance, etc.) or infection zones.
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