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      We have tried to create a work that approaches the latest developments in the field of airway management. To achieve this purpose, we created alliances with the best experts and most qualified professionals of recognized prestige in this field who reviewed the new preoperative diagnostic methods, the new intubation devices, the new ways of handling extubation, the novelties in postoperative management in the resuscitation units, the management of the airway of those patients in remote areas outside the operating room or in extreme situations, and all the news that may be of interest to our colleagues. Always trying to achieve a simple, easy, and direct reading that will be helpful in the daily work.




      From my role as the unifier of the authors and their chapters, I want to thank each of my colleagues for their work. The present book "Recent Advances in Anesthesiology Vol. 3 – An Update on Airway Management" emerged as an opportunity to unite the knowledge of those expert colleagues in this area and transmit it to readers interested in the subject, and I think we have achieved it.




      Finally, I want to thank my father, Dr. Vicente Martinez Navas, specialist in Internal Medicine, Pediatrics, Preventive Medicine, Epidemiology, Microbiology, General Medicine, as well as Military Doctor. One of the best, most trained and outstanding Spanish doctors of his generation. He instilled in me a humanistic mentality of medicine, fundamental when planning and approaching this kind of work. I also want to thank my mother for being the non-medical counterpoint in my life. Without them, I would never have reached where I am, and this book would not have seen the light.


    




    

      Eugenio Daniel Martinez-Hurtado


      Department of Anesthesiology and Intensive Care,


      University Hospital Infanta Leonor,


      Madrid,


      Spain

    




    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    




    

      Preface II




      The Difficult Airway (DA) management is a challenge for anesthesiologists and for all those professionals who are related to it.




      Over the years, their knowledge and practice evolved to a great extent, becoming in most of the Services a known, practiced, and respected activity.




      Since the times when they were only used as handling devices to solve the DA, the laryngoscope, face mask, stylet, and guedel, until now, with a large number of Supraglottic Devices, Videolaryngoscopes, and Fibroscopes, have changed the DA approach significantly.




      However, we must not forget that the important thing is to assess the patient's airway and, with this knowledge, establish an action strategy with alternative plans based on theoretical knowledge and practical ability with the different devices and in the follow-up of DA Algorithms of each hospital.




      With this book, "Recent Advances in Anesthesiology Vol. 3 – An Update on Airway Management", we intend to update the knowledge of all those novelties that have been emerging in this field.




      We trust that it will be easy to read at the same time as deep and allow readers an update on the management of the difficult airway.
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      Preface III




      This book entitled “Recent Advances in Anesthesiology Vol. 3 – An Update on Airway Management” is an excellent tool for learning about Airway management, which remains one of the pillars of anaesthesiology and critical care in a variety of "scheduled, urgent, or emergent" situations. The scope of action can be in hospital but also extrahospital, with all the connotations of difficulty that the latter usually possess.




      Unquestionably, the advances in devices to improve our ability to control the airway have been momentous in recent decades, particularly through the incorporation of different devices with built-in optics. These include video laryngoscopes, with or without a channel, that have irrefutably revolutionized our usual clinical practice, specifically useful for the unforeseen difficult airway (DA), but also for some cases of anticipated DA.




      This means that in the last Difficult Airway Society (DAS) guidelines, this device is already within Plan A of the algorithm. The inclusion of fiberscope in our daily clinical practice has also been very helpful as instruments that all specialists who need to manage the airway should know and be trained in its proper use. Furthermore, we must not forget the fundamental importance of the supraglottic devices that are described in detail in this work, or the intubation guidelines, stylets, tube interchanges and guide for safe extubation by stages, insomuch as extubation is one of the most dangerous moments where we must anticipate all possible secure clinical alternatives.




      Of course, the optimal management of DA requires a prior study of the patient to guide the most appropriate technique in each patient, which has been fundamental to improve the quality and safety of these procedures. However, the predictors are not always reliable, so more studies should be conducted to improve the prediction of DA.




      Training in airway management is perhaps the most important aspect from my modest point of view, so this work can contribute a lot to update this matter and specify how to act with the new guidelines endorsed by experts such as the participating authors in the same. Undoubtedly, the learning of airway management through clinical simulation is essential for any professional who requires training in this type of technique.




      In summary, I sincerely believe that this work will contribute to a better knowledge of safe clinical practice and quality control of the airway in all types of clinical situations.


    




    

      Manuel Granell Gil


      Universidad de Valencia,


      Médico Jefe de Sección de Anestesiología,


      CHGUV. Vocal de Torácica (SEDAR) y del Thoracic SubCommittee (EACTA),
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    All anesthesiologists know that the highest morbidity and mortality associated with anaesthesia are related to the airway management of our patients. This area represents one of the basic pillars of the specialty, and the Difficult Airway is the undisputed protagonist in all the congresses and the subject of numerous publications periodically.




    Airway management has been changing over the years. Progressively, the evaluation and prediction of the possible difficulty in ventilation, oxygenation and intubation in the preoperative assessment have been standardized, while numerous devices have appeared that facilitate the way to approach the handling of the Difficult Airway.




    It is no longer just about knowing how to use the fiberoptic bronchoscope, although this is still the main tool for managing the Difficult Airway. We are also obliged to know and use a wide range of new devices, as well as the indications and peculiarities of each of them.




    Unfortunately, this great quantity of available devices means that many times we do not know them well, nor do we differentiate them. And, therefore, in many occasions, we do not use them in an adequate way. It does not consist in having and using all, but in mastering the use of those we have and acquiring experience with them so that they are effective when a Difficult Airway situation arises.




    This book “Recent Advances in Anaesthesiology Vol. 3 – An Update on Airway Management” is an update of those topics that have had an important development in recent years in airway management. We have tried to approach the latest developments in this field with a simple, easy and direct reading, which helps in professionals' daily work.




    We intend to reach a multitude of colleagues from all medical areas who have to manage their patients' airways: anaesthesiologists, intensivists, intra- and extra-hospital emergency physicians, pneumologists, and ENT surgeons who we believe could be of support for your work.




    We also believe that it may be of interest to residents in training, as a method of updating a subject that is basic and without which, almost all others are impossible to carry out.
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      Abstract




      Diagnostic imaging tests play an increasingly important role in diagnosing a difficult airway. The variety of tests and their relatively easy availability provide anaesthesiologists with valuable information regarding the challenge of potential difficulty in managing airways. In this chapter, the radiological parameters proven most useful in the various imaging techniques commonly employed in clinical practice will be reviewed: conventional radiology, computed tomography, and ultrasonography.
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      BACKGROUND




      Although a difficult airway (DA) is a low prevalence clinical condition, it presents a true challenge for anaesthesiologists due to the severe consequences resulting from inefficient management [1, 2]. There has been a noticeable reduction in recent decades in mortality attributable to anaesthesia [3]; however, up to 40% of deaths and severe sequela are still related to airway management [4].




      A significant portion of the difficulties in airway management is unexpected [5], and most classical clinical tests employed to convert an unforeseen DA into a predicted DA have a poor predictive capacity [6-8].




      Various imaging techniques have therefore been employed in recent years to improve the predictive capacity of classical tests. Computed tomography (CT), magnetic resonance imaging (MRI), conventional radiology (X-rays), and




      ultrasound are recommended for assessing DA [9-13]. This chapter reviews the indices in imaging techniques that provide the most value in DA management.




      To provide more consistency and make the results more understandable, the positive predictive value (PPV) and diagnostic odds ratio (DOR) for each radiological index discussed in this chapter were calculated. Given that the PPV is dependent on the prevalence of the disease, the value will be adjusted, considering a theoretical prevalence of difficult laryngoscopy of 10%. DOR is a measure that integrates the sensitivity and specificity of a diagnostic test and is considered an appropriate global indicator for comparing the accuracy of various diagnostic tests [14].


    




    

      CONVENTIONAL RADIOLOGY




      The images provided by conventional radiology, even without being specifically requested for the airway assessment, can provide important information on the anatomy and possible pathology of that anatomy, which can alert anaesthesiologists to potential difficulties during airway management [15].




      To this end, studies are underway that seek to relate the anthropometric measures of radiological images that act as predictors of DA and have already shown promising results.




      The lateral cervical radiography projection can provide an almost complete view of the upper airways, because they are shown incidentally, due to anatomical reference points (bone and cartilage) that help to delimit the airways. The nasopharynx, oropharynx, hypopharynx, larynx and, depending on the extent of the study, the proximal trachea can be clearly differentiated [15] (Fig. 1). As a result, most evaluated radiological indicators have been obtained by measuring the distances and angles between bone structures and laryngeal cartilages, which are easily identifiable in lateral neck radiography.




      One of the most complete studies in terms of the number of measurements and angles evaluated in the bone structures of the lateral neck radiography is the study by Xu et al. conducted on patients with cervical spondylosis [16], with a total of 12 bone distances, 2 angles in the cervical vertebrae, and 4 angles in the axes of the mouth, pharynx, and larynx, measured in the neutral, extension and flexion positions. After comparing the measurements with the Cormack-Lehane laryngoscopic grading system, the authors obtained 12 significantly different radiological indicators, 2 of which were identified with better correlation in predicting DA: one was the angle between the lines that pass through the base of the C2 and C6 vertebral bodies in the head’s neutral position (angle C2-C6), and the second was the difference between the angle between the epiglottal and laryngeal axes in the neutral to extension position. However, the calculated PPV for a C2-C6 angle greater than 12.1° is 21% with a DOR of 5, and therefore, appears to not be an accurate indicator.
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Fig. (1))


      Anatomical airway landmarks on the lateral cervical X-ray film in neutral position.


      NP: nasopharynx; OP: oropharynx; HP: hypopharynx; H: hyoid bone; E: epiglottis; T: thyroid cartilage; C: cricoid cartilage.



      Kamalipour et al. [17] focused their measurements on the laryngeal structures, taking as reference points the hyoid bone, epiglottic cartilage, arytenoid cartilage, and thyroid cartilage. Two angles stand out: angle α’, formed by the line that joins the hyoid bone to the thyroid cartilage and the line that joins the latter with the arytenoid cartilage (this second line corresponds to the location of the vocal cords) and angle β’, which is between the lines that join the hyoid bone to the base and to the tip of the epiglottis (Fig. 2). The study results on 100 evaluated patients were noteworthy, achieving 100% sensitivity, specificity, and PPV in predicting DA when taking a low angle of graduation. Based on angle β’, the authors suggested a simple method to assess the ease of intubation, which they called the EHE’ triangle or triangle of safety, whose vertices are the hyoid bone, the base of the epiglottis, and the tip of the epiglottis. The presence of this triangle is correlated to the ease of intubation, and its absence predicts difficulty. The established cut-off is a β’ angle ≤9.1° with a PPV of 100%.
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Fig. (2))


      Lateral x-ray of the neck. β-angle is in yellow and α-angle is in orange. After connecting E, E’ and H a triangle is formed, named EHE’ triangle. E: tip of the epiglottis; E’: base of the epiglottis; H: hyoid bone.



      Based on the same angles, Liu et al. [18] performed the measurements on Chinese patients. The study data showed that angles α’ and β’ are more accurate than the modified Mallampati test (MMT) and the thyromental distance in terms of sensitivity, specificity, and PPV. The authors also found that angle α’ is a better radiological indicator than angle β’, with a resulting PPV of 42% and DOR of 43 for an angle α’ ≤85.52°. Angle α’ is, therefore, an easy angle to measure because if it is smaller than 90°, there would be fewer possibilities of difficulty in tracheal intubation.




      One of the studies notable for the number of included patients is the one by Khan et al. [19], with data from 4500 patients. Measurements were performed of bone structures, especially in the jaw, which were compared with clinical tests and the Cormack-Lehane grade. The study results revealed that none of the radiological measurements were superior to the clinical upper lip bite test and that the only radiological indicator comparable to the clinical tests was the mandibulo-hyoid distance (the perpendicular distance from the hyoid bone to the jaw), although without outperforming the bite test. This indicator presented a PPV of 45% and a DOR of 27 for a mandibulo-hyoid distance shorter than 40 mm.




      Another radiological bone indicator studied by Gupta et al. [20] is the maxillo- pharyngeal angle, which is formed by joining the line of the upper jaw axis that runs parallel to the hard palate with the line of the pharyngeal axis that passes through the anterior part of the C1 and C2 vertebral bodies (Fig. 3). Measured with the head in the neutral position, this angle is typically greater than 100°. When measuring the angle electronically in 157 patients, an increase was observed in the difficulty of laryngoscopy for values below 90°.




      Lastly, Lee et al. [21] studied the airways in patients with acromegaly, finding as a predictor of DA (also at the bone level) the distance from the alveolar line of the mandible to the hyoid bone, with a PPV of 22% and DOR of 12 for a value greater than 48 mm.




      Of all the radiological indicators described, it appears that those based on the cartilage structures of the larynx with a higher DOR could be more advantageous at the statistical level than measurements of bone structures in predicting DA.




      In truth, radiographic images represent a simple, non-invasive, economical, and easily reproducible assessment method. The disadvantage of conventional radiography is exposure to ionising radiation. It is important to know that the radiation dose of lateral neck radiography is approximately 0.1 millisievert (mSv) and that of chest radiography is 0.2 mSv. These are therefore acceptable doses, because the effective dose limit considered safe for the population is 1 mSv per year, according to the directives of the European Union [22].




      However, when the clinical evaluation predicts a difficult airway, studies that demonstrate the cost-effectiveness of radiographic evaluation are still lacking.
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Fig. (3))


      Lateral x-ray of the neck showing the normal maxillo-pharyngeal angle.

    




    

      COMPUTED TOMOGRAPHY




      CT is currently one of the best modalities for obtaining images due to its spatial resolution and because it presents images in 3 layers and creates 3D and volumetric reconstructions (Fig. 4). CT also helps accurately visualise bone structures and the various organs in an easily recognisable anatomical form [15].
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Fig. (4))


      Volumetric reconstructions (property image of E.M. Hurtado. Editor).



      In the search for potential radiological indicators that help predict DA, Naguib et al. [9] employed 3D CT reconstructions of the upper airways from 52 patients. The authors assessed the following measures: 1) distance from the most posterior aspect of the base of the tongue to the posterior pharyngeal wall; 2) distance from the uppermost posterior aspect of the epiglottis to the posterior pharyngeal wall; 3) distance between the tip of the uvula and the posterior pharyngeal wall; 4) distance between the uppermost visible part of the airway at the vocal cord level and the posterior pharyngeal wall at the piriform sinus level; 5) length of the epiglottis; 6) angle between the epiglottis and the tongue; 7) angle between the long axis of the pharynx and long axis of the larynx; and 8) the angle between the long axis of the larynx and the trachea. However, none of these parameters achieved a significant result for discerning those patients with intubation difficulty.




      More recently, Lee et al. [21] measured the area of the tongue using CT in patients with acromegaly and found that a larger tongue was associated with difficulty in the laryngoscopy. The results showed that a tongue area greater than 2600 mm2 offered a PPV of 18% and DOR of 5, showing that the tongue area is a fairly deficient indicator.




      CT is superior for assessing tracheal anatomy and airway disease. Anaesthetists, therefore, need to continue searching for potential radiological indicators of DA.




      Nevertheless, it needs to consider the limitations due to the risk of radiation exposure and therefore not consider CT a routine examination for airway assessment. And, in some countries, the cost can also be deterrent.


    




    

      ULTRASONOGRAPHY




      Airway ultrasonography can be helpful for assessing and managing DA [23]. Although the various assessed indices do not have the desired predictive capacity per se, they can significantly improve the diagnostic yield by combining them with classical clinical tests. Ultrasound machines are currently available in most surgical areas, and their use has become widespread among anaesthesiologists [24]. In addition, ultrasonography has easy point-of-care availability and no radiation for the patient, unlike other imaging tests such as X-rays and CT.




      Most ultrasound indices for assessing DA are focused on quantifying the amount of soft tissue in the neck or floor of the mouth [25-29]. Other indices, in contrast, assess the visualisation of anatomical structures or the distance between them [30, 31].




      Wu J et al. [25] studied the relationship between laryngoscopy difficulty and the anterior neck soft tissue thickness at the hyoid bone (DSHB) measured by ultrasonography (Fig. 5).




      The authors analysed 203 patients and found that the cut-off with the best discriminatory power was a DSHB index of 1.28 cm. Although the authors concluded that this ultrasound parameter was an independent predictor of difficult laryngoscopy, both the PPV and DOR were of little clinical utility (39% and 35%, respectively).
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Fig. (5))


      Ultrasound measurement of anterior neck soft tissue thicknesses. Yellow dotted line denotes the distance from skin to hyoid bone (DSHB).



      Ezri et al. measured the distance from the skin to the anterior aspect of the trachea at the vocal cords (ANS-VC) in a sample of 50 patients with morbid obesity [26]. When the authors related this index to the laryngoscopy difficulty, they observed excellent discrimination when using an ANS-VC of 28 mm as the cut-off. The PPV was 100%, with no overlap between the easy and difficult laryngoscopy groups in terms of the ANS-VC value.




      Nevertheless, a sample of 50 patients (considering the low prevalence of difficult laryngoscopy) is small, because only 9 patients in the study presented laryngoscopy with a Cormack-Lehane grade of III-IV. Reddy PB et al. conducted a study that assessed the same ultrasound parameter but with a sample of 100 patients without morbid obesity [27]. These authors obtained an ANS-VC cut-off of 23 mm (Fig. 6). Surprisingly, the PPV and DOR were very poor (18% and 8, respectively), unlike those in the Ezri study. The ultrasound quantification of pretracheal soft tissue, therefore, appears to be a promising index for assessing DA in patients with morbid obesity, although more studies with larger samples are needed to confirm this parameter.
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Fig. (6))


      Transverse ultrasound view of the anterior cervical soft tissue at the level of the vocal cords. LVC: Left Vocal Cord. RVC: Right Vocal Cord. White dotted line denotes the anterior neck soft tissue thickness at the level of the vocal cords (ANS-VC).



      Pinto J et al. measured the amount of soft tissue between the skin and epiglottis (distance from skin to epiglottis, DSE) in a sample of 74 patients and related this index to the presence of difficult laryngoscopy (Fig. 7) [28]. For a DSE cut-off of 27.5 mm, the authors obtained unremarkable statistical parameters (PPV of 33% and DOR of 13), although the parameters improved significantly by combining DSE with MMT (PPV and DOR of 71% and 18, respectively).




      Yao W et al. used the tongue thickness measurement to predict a difficult laryngoscopy or intubation in 2254 patients [29]. Despite combining this ultrasound index with the thyromental distance, the predictive capacity was very poor (PPV of 27% and DOR of 7.2).




      Among the parameters that do not measure soft tissue thickness, there are those of the study by Andruszkiewicz et al. [30], which employed the hyomental distance in extension (HMDE) as the predictive index for difficult laryngoscopy in a sample of 199 patients. Thus, an HMDE value of less than 4.28 cm presented a PPV of 64% and a DOR of 73. Lastly, the study by Hui CM et al. [31] employed the non-visualisation of the hyoid bone in the ultrasonography as a predictor of difficult laryngoscopy in 110 patients. The authors performed ultrasounds of the floor of the mouth using a sublingual probe, resulting in a PPV of 71% and a DOR of 76.
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Fig. (7))


      Ultrasound measurement of the distance from skin to epiglottis (DSE). Three measurements (central axis, left and right extremities of the epiglottis) were taken and averaged.



      Therefore, it can be concluded that there is currently no ultrasound index that improves the typical clinical tests in a clinically significant manner. Nevertheless, combining ultrasonography with classical tests does improve the capacity to predict a potential DA.


    




    

      CONCLUSION




      - Radiology (CT, X-ray) is a promising technique that provides a good comprehensive and accurate assessment of the airway, allowing assessment for diagnosis and exclusion of management difficulties.




      - The search for perfect radiological parameters to predict Difficult Airway is still on.




      - Basic knowledge of radiology would reduce morbidity and mortality arising out of difficulties in airway management.




      - Whenever possible, imaging done for other purposes, for example, for surgical, would be used to formulate effective airway management plans.
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      Abstract




      Because inadequate airway management continues to be an important contributor to serious complications, ultrasound is an emerging tool that has many obvious advantages (safe, fast, repeatable, portable, widely available, and gives dynamic images in real time) that we can use for patient safety. In the upper airway, there are many uses for the ultrasound, for example, oesophageal intubation, adequate placement of the endotracheal tube, selection of the appropriate size of conventional tube and double-lumen tube, adequate placement of supraglottic devices, predictors of difficult airway, predictors of post-extubation stridor risk, prandial status, nerve blocks, or percutaneous tracheostomy.
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      INTRODUCTION




      Ultrasound has become an essential tool for the daily work of any doctor, but in certain specialties such as anaesthesiology, its use has greatly increased the safety offered to patients throughout the perioperative period, either to perform nerve blocks, for vascular access, intraoperative hemodynamic management or any other use that allows increasing quality of care.




      The management of the upper and lower airway and the diagnosis of pathological conditions are essential skills for any doctor especially for Anaesthesiologist, ER physician, Pulmonologist, or Intensive Care physician. Because inadequate airway management continues to be an important contributor to patient mortality and morbidity, any tool that can improve it should be considered as an addition to conventional clinical evaluation. Ultrasound has many obvious advantages (safe, fast, repeatable, portable, widely available, and gives dynamic images in real time).




      Sonographic studies are operator-dependent and although the identification of basic structures could be acquired with only a few hours of training, more complex studies require a learning curve of months or even years. The high-frequency linear probe (5-14 MHz) is probably the most suitable for the airway because images are of superficial structures (within 0-5 cm below the skin surface) [1].


    




    

      BASIC CONCEPTS




      Ultrasound (US) evaluation of the airway is complex in areas that contain air; however, the anterior and lateral walls of the neck are superficial structures and easily assessed by ultrasound.




      In the upper airway, there are many uses for US (identification of structures, oesophageal intubation, adequate placement of the endotracheal tube, selection of the appropriate size of conventional tube and double-lumen tube, adequate placement of supraglottic devices, predictors of difficult airway, predictors of post-extubation stridor risk, prandial status, nerve blocks, or percutaneous tracheostomy), but this chapter will focus on those that experts think may have a greater application in daily medical work for a better quality of care and greater patient safety, and assess the most recent lines of research.




      Thus, the main sections of the chapter will be divided into the following:




      - Anatomical US of the airway.




      - Systematization of an examination methodology.




      - Parameters that could define a Difficult Airway (DA).




      - Location of the Cricothyroid Membrane.




      - Confirmation of oesophageal vs. tracheal intubation.




      - Percutaneous Dilatational Tracheostomy (PDT).




      

        Anatomy of the Airway




        The anatomical reference to study is the anterior cervical triangle, whose sides are the anterior edges of the sternocleidomastoid muscles, the base is the lower edge of the mandible and the apex is the midline of the jugular notch. The content of this is the hyoid bone, supra and infrahyoid muscles, pharynx, oesophagus, larynx, trachea, thyroid and parathyroid glands, and the thymus (Fig. 1).
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Fig. (1))


        Anterior Cervical Triangle.



        The sonographic consistency of each structure must be known. The cartilaginous elements are hypoechoic and homogeneous, the striated muscle and connective tissue are hypoechoic, the fat and glands slightly hyperechoic and homogeneous, the bone is hyperechoic with a posterior acoustic shadow, and finally the hyperechoic and bright air-mucosal interface (Fig. 2).
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Fig. (2))


        Densities. 1. Cartilage, 2. Striated Muscle, 3. Thyroid gland, 4. Airway.

      




      

        Systematization of the Echographic Examination




        Adopting a systematic protocol for the implementation of a standardized examination is important to achieve uniformity and consequent reduction of interprofessional variability.




        Interpretation of echographic images requires a basic understanding of the physical principles involved in ultrasonography image generation. Besides, transducer selection, orientation, and anatomy of airway relevant to echographic imaging are important to evaluate the anatomy of the airway




        The patient is placed in the supine position with the head centred and in a sniffing position, using the high-frequency linear probe (5-14 MHz), with a depth of between 3-4 centimeter and the focus at approximately 1 centimeter.




        

          



          A. Transversal Cut




          

            A1. Hyoid Level




            Hyoid bone with an “umbrella shape” is a hyperechoic structure with a posterior acoustic shadow (Fig. 3).
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Fig. (3))


            Yellow is the Hyoid Bone. Red is the acoustic shadow of the bone.

          




          

            A2. Thyrohyoid Membrane Level




            Visualization of the epiglottis with hypoechoic appearance and in its posterior area with a hyperechoic area corresponding to the Air-Mucosal interface. The image that can be obtained is like a “toad mask” (Fig. 4).
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Fig. (4))


            Red is the striated muscle, blue the epiglottis, and Purple is the hyperechoic mucosa-air interfaces.

          




          

            A3. Thyroid Cartilage Level




            In young people, the thyroid cartilage is hypoechoic with a “Delta Wing” shape, but in adults, it becomes calcified and prevents us from observing the structures that exist behind it. This is the most appropriate window to assess the vocal cords and their movement, they have a triangular shape and in the deepest area the arytenoids can be observed (Fig. 5).




            
[image: ]


Fig. (5))


            Orange is the striated muscle, green is the thyroid cartilage and Purple is the vocal chords.

          




          

            A4. Cricoid Cartilage Level




            It has an “inverted U” shape and it is thicker than the tracheal rings (Fig. 6).
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Fig. (6))


            Red is for striated muscle, Purple is for thyroid gland, Yellow is for cricoid and Blue is for for trachea.



            Level Tracheal rings: Inverted U shape (Fig. 7).
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Fig. (7))


            Red striated muscle, purple Thyroid Gland, yellow Tracheal Ring, blue Trachea.

          


        




        

          



          B. Longitudinal Cut




          

            B1. Cricoid Cartilage and Tracheal Rings




            Typical image in pearl necklace (hypoechoic), the last one of a larger size that corresponds to the cricoid cartilage (Fig. 8).
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Fig. (8))


            Yellow is for cricoid and tracheal rings.

          




          

            B2. Thyroid and Cricoid Cartilages




            The cricothyroid membrane appears as a hyperechoic band that joins the thyroid cartilage and cricoid cartilage (hypoechoic), it could be measured and marked (Fig. 9).
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Fig. (9))


            Yellow is for thyroid and cricoid cartilages, and Green is for cricothyroid membrane.

          


        


      




      

        Parameters that could Define a Difficult Airway




        The inadequate management of the airway is one of the major causes of morbidity and mortality in the hospital and outpatient area, therefore good management of it can prevent many complications. Unfortunately, most of the clinical parameters that should allow us to assess a potential difficult airway, do not always lead us to an adequate prediction, that is why US is used as an emerging tool in many fields, is also gathering strength in this search for a definitive predictor parameter.




        The growing academic interest in the use of US to look for predictors of difficult airway is centred mainly on measurements at the level of pretracheal tissues. Different studies at different anatomical levels allow us to measure distances that are being evaluated to study their statistical significance.




        The greatest limitation of these studies is the disparity of the fat distribution that exists between different ethnic groups and sexes, and the lack of standardization method in patient´s intubation conditions.




        In 2003, some authors started to evaluate the pretracheal tissues, with measurements at the level of the vocal cords looking for a parameter to predict a possible DA [2], although unfortunately these values were tried to reproduce years later by other authors concluding that the difference of fat distribution between sexes and ethnic groups limited this possibility [3].




        Later in 2011, the measurements of the pretracheal tissues were made in several ultrasound windows, among them the most important are at the level of hyoid, thyrohyoid membrane, vocal cords, thyroid isthmus and finally at the suprasternal level, determining that only the cuts performed at the level of the hyoid [4] (Fig. 10), and the thyrohyoid membrane could be useful as independent predictors of clinical factors to determine a possible DA. For the first time, this study established 15 mm of maximum distance from hyoid bone to skin and 28 mm in the Thyrohyoid membrane window as critical cut-off points for DA.
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Fig. (10))


        Distance from skin to hyoid bone.



        Currently, the largest line of research established is around these two windows. In skin to epiglottis distance (DSE) (Fig. 11), the thyrohyoid membrane window, a cut-off point of 27.5 mm was established with an estimated accuracy of 74.3% (sensitivity 64.7% and specificity 77.1%), increasing it to 85.1% when the Mallampati scale was also used and a degree greater than or equal to 3 was obtained [5].




        The DSE is therefore, a good predictor of a possible DA, with a high sensitivity and a high negative predictive value, also considering that if the ultrasound study is added the Mallampati scale increases its value and in patients with a Mallampati score greater or equal to 3 the critical point can be reduced to 26 mm [6].
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Fig. (11))


        Distance from skin to epiglottis.



        In conclusion, ultrasound windows at the level of Hyoid and thyroid membrane have been assessed as independent predictors of DA because they are statistically significant in conducted studies [7]. Therefore, the research lines to determine the future DA prediction parameters should continue in these lines.


      




      

        Location of the Cricothyroid Membrane




        It has been shown that even in expert hands, only 3 out of 10 specialists are able to locate the cricothyroid membrane with only anatomical references.




        The tracheal structures can be identified by ultrasonography, even when they are not identifiable by palpation, therefore before the possibility of complications in the management of the airway arises, the location of the cricothyroid membrane can convey in a certain degree of reassurance for medical professionals [8]. Following a standardized systematic exploration allows the non-expert hands to locate the Cricothyroid Membrane in less than 1 minute [1] (Fig. 12).
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Fig. (12))


        Systematic exploration of the cricothyroid membrane.



        - Step 1: The patient must be in the supine position and the operator is seated on the right bedside of the patient.




        - Step 2: The linear transducer must be placed transversely on the neck just above the suprasternal notch. In this cross-section, the trachea is observed in the midline.




        - Step 3: The transducer must be moved to the right side of the patient until the tracheal midline appears at the right edge of the ultrasound screen.




        - Step 4: Keeping the right edge in the trachea midline, the left end of the transducer rotates in the sagittal plane 90° counter-clockwise, which results in a longitudinal sweep of the midline of the trachea. In this section, hypoechoic images can be seen as a “string of pearls” that can even be counted and at the end one larger, more superficial and more rounded in the form of a “bean” in cephalic position (corresponding to the tracheal rings and the cricoid cartilage, respectively).




        - Step 5: To locate the cricothyroid membrane these steps must be followed by the cephalic advance of the probe. The tissue that appears at the end of the cricoid is the beginning of the membrane, and at the other end of the membrane the lower portion of the thyroid cartilage can be seen. In this section, the image can be frozen, and the membrane measured.




        - Step 6: To mark the membrane, a Tuohy needle or any metallic guide of similar thickness can be used. The needle is placed between the skin and the probe, resulting in a hyperechoic image that shows a posterior acoustic shadow. The transducer will move until it is placed on the upper edge of the cricoid cartilage. Once located, the probe can be removed, leaving the needle just on top of the membrane. A marker can be used to mark it.


      




      

        Confirmation of Oesophageal vs. Endotracheal Intubation




        Ensuring the airway in patients who are going to receive general anaesthesia is very important to provide adequate ventilation and to avoid possible complications that may arise from the failure of an unsuccessful management, therefore anaesthetist can use ultrasound as another tool for the confirmation of intubation, being of special interest in situations where do not have capnography, where auscultation is complex (noisy environments) or in patients with low cardiac output.




        In expert hands, ultrasound is as quick as auscultation and faster than the auscultation-capnography combination.




        The confirmation of the orotracheal intubation can be done, at the cricothyroid membrane or suprasternal level, evaluating it:




        1. Directly: in real time during the intubation, seeing the tube pass at the level of the different possible sonographic windows (Cricothyroid membrane or suprasternal level).




        2. Indirectly:




        a. Probe placement to observe the pleural sliding, which would also allow us to diagnose selective intubation.




        b. Movements at the diaphragm level.




        

          Directly




          At the level of the cricothyroid membrane, the following signs have been described [9]:




          1.a. “Snow storm sign” or “flutter sign” is the dynamic phase of the introduction of the endotracheal tube at the level of the vocal cords that previously have a specific triangular shape and later become round. It is observed in 48% of cases.




          1.b. “Bullet Sign”, when the tube is inside the trachea and the triangular aspect of the vocal cords is lost, it is observed around 89%. The specificity and sensitivity of both signs together is around 98%.




          At the suprasternal level, the TRUE PROTOCOL (Tracheal Rapid Ultrasound Exam) has been described, in which the ultrasound probe is placed 1 centimetre above the sternal notch, observing the trachea and trying to locate the oesophagus (the patient can be requested to swallow) (Fig. 13). Maintaining it at this level, a second operator performs the intubation, being able to distinguish in this sonographic section if an oesophageal (Fig. 14). or tracheal intubation is performed [10]. Although capnography still remains as the Gold Standard for correct orotracheal intubation, this methodology would allow us also to assess adequate intubation in patients before being ventilated.
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Fig. (13))


          Orange arrow: oesophagus swallowing.
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Fig. (14))


          White arrow: oesophageal intubation.

        




        

          Indirectly




          Anaesthetist can find a bilateral lung sliding in B mode (Fig. 15) to determine that there is no selective intubation and in M mode it can see the “beach sign”. Although it can be considered the diaphragmatic variability that occurs when starting the ventilation [11].
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Fig. (15))


          Lung sliding.

        


      




      

        Percutaneous Dilatational Tracheostomy




        Is one of the most used method today for the placement of a permanent cannula, since its complication rate is lower than other techniques. The most common complications are bleeding, hypoxia, multiple punctures, or the laceration of the posterior wall of trachea.




        Real-time ultrasound adds a series of advantages in performing this technique:




        1. Location of the trachea even in difficult cases.




        2. Visualization of the anterior wall of the trachea and pretracheal tissue.




        3. Visualization and location of the blood vessels by Doppler.




        5. Measurement of the distance of the skin to the tracheal lumen to determine the length of the puncture cannula that can be needed and avoid perforating the posterior wall [12].




        Ultrasonography has been widely compared in the medical literature to other techniques such as anatomical references or fiberoptic bronchoscopy to perform a percutaneous tracheostomy, the most relevant conclusions are the following [13, 14].
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