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Abstract

:

Point-of-care ultrasonography (POCUS) refers to limited bedside ultrasound used to evaluate patients for conditions specific to the scope of their practice. Given the benefits of its application, interest in its use is increasing. We aimed to review the literature and assess the potential feasibility of using POCUS of the heart and lungs in the field of obstetrics. We aim to describe its relevance and value as an adjunctive tool for critically ill obstetric patients on labor and delivery wards.
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1. Introduction


Ultrasound imaging is a non-invasive and widely available modality to guide timely diagnosis and enhance therapeutic strategies. The advancements in technology over the past two decades have improved the portability of equipment, enabling ultrasound imaging to be performed at the bedside and thereby allowing physicians from all specialties to make treatment decisions or perform ultrasound-guided procedures. It is different from the standard, conventional ultrasound in that it is usually a limited and focused exam performed at the bedside. In 2004, the American Institute of Ultrasound in Medicine (AIUM) hosted a conference on compact ultrasonography, which is the idea of an “ultrasound stethoscope” as a rapid moving tool [1,2,3]. The Australasian Journal of Ultrasound in Medicine (AJUM) stated that POCUS is a study that is performed by a medical practitioner who uses ultrasound equipment to enhance and extend their own clinical examination of the patient and should be considered an extension of the physical examination [4,5]. POCUS is now widely recognized to complement the physical examination and serve as a safe interventional guidance at the bedside. Moreover, an ultrasound has become a routine approach when caring for critically ill patients including those on labor and delivery wards [6,7,8]. It has a wide range of applications, including but not limited to obtaining images of the thorax (lung and pleural), abdomino-pelvis, vascular, and cardiac organs. Guidelines on the use of POCUS have been established by the Societies of Emergency and Critical Care Medicine [9,10]. On labor and delivery wards, an ill parturient warrants a critical care consult which may require a POCUS of the maternal heart and lungs.



If obstetric providers were trained to perform a quick maternal cardiac and lung assessment for the most ill patients on the labor floor, it could facilitate the rapid management of these cases [11]. POCUS can be applied to obstetric and peri-partum patients to rule out pulmonary edema and other cardiac abnormalities. An ultrasound with an obstetric probe is readily available on the labor floor, making the POCUS exam quick and feasible (Figure 1) while awaiting additional imaging and critical care subspecialists.




2. Methods


In this review, a literature search was performed using Google Scholar and PubMed, capturing data from 2004 to 2020. Key words used for this literature search included POCUS, Labor and Delivery, and Echocardiography. Relevant studies were identified and discussed among authors, focusing on the relevance of POCUS in clinical settings and its potential utility on the labor and delivery unit.



To assess the feasibility of performing cardiac POCUS using an available OB probe, we obtained verbal consent from a pregnant patient and acquired cardiac images using a curved OB ultrasound transducer (images as shown in Figure 1).




3. History and Evolution of POCUS


Patient care has been revolutionized by technologies such as POCUS and digitized information in nearly every medical specialty. Physicians had limited bedside tools for centuries, but with POCUS, we could visualize what we can only infer through palpation or auscultation. In the early twentieth century, the sinking of the Titanic followed by the start of World War I, led to the development of sonar, the application was broadened and developed to be first used in medicine in the 1940s Figure 2. During the 1950s, many pioneers advanced the field of medical ultrasound, marking the birth of obstetric and gynecologic ultrasound and establishing the field of echocardiography. Ultrasound technology continued to advance during the 1970s and 1980s with the development of more sophisticated transducers, along with refinements in image quality and began to be used in emergency care. This was a role that marked the beginning of the POCUS era, used mostly by surgeons and emergency medicine physicians, who started assessing trauma patients with ultrasound. POCUS has entered many specialty practices in the 1990s. The vital changes during the 2000s led to the portability and affordability of ultrasound machines which facilitated an exponential increase in use by all providers. Subsequently, several professional societies published guidelines on the use of POCUS including the American Institute of Ultrasound in Medicine (AIUM), American College of Emergency Physicians (ACEP), American Society of Echocardiography (ASE) and the Society of Critical Care Medicine (SCCM). Additionally, in the early 2000s, the Accreditation Council for Graduate Medical Education (ACGME) started to mandate that certain residency and fellowship programs in the United States include basic ultrasound education.




4. POCUS Application


An example of an application of POCUS for pregnant women has been illustrated during the COVID-19 pandemic. Exposure to staff and equipment was a concern while a rapid decision-making tool was needed to apply the World Health Organization (WHO) criteria and subsequent determination of level of care and respiratory treatment associated with their classification of the disease. A case series of eight infected pregnant women in Turkey who presented in respiratory distress had a lung POCUS [12]. It changed the management in seven of the eight patients with early detection of lung involvement in these COVID-19-infected pregnant women. When compared to other imaging studies such as computed tomography (CT) and chest X-ray (CXR), lung ultrasound (LUS) was substituted for chest CT in this vulnerable population of pregnant women. The authors report that during the pandemic, it has been suggested that obstetricians use LUS because they are already trained in ultrasound, reducing exposure to staff and accelerating time to diagnosis. Another case series from Italy reported four pregnant women with COVID-19 pneumonia detected with lung ultrasound prior to Polymerase chain reaction (PCR) results confirming their diagnosis. In [13], it was concluded that LUS is more efficient than CXR in this case series. LUS findings included irregular pleural lines, vertical artifacts, and large consolidations seen in one critically ill patient who was followed up with serial POCUS lung exams confirming improvement. While CT of the chest is the gold standard for COVID-19 pneumonia, serial exams impose a radiation risk to pregnant patients. Furthermore, the ASE statement on POCUS during the 2019 Novel Coronavirus Pandemic supports the use of POCUS to triage the dyspneic patient and determine what further imaging study is needed to best outline a patient’s plan of care [14,15,16,17].




5. Advantages of POCUS in Obstetrics Practice


5.1. Safety


According to the available evidence, exposure to diagnostic ultrasonography during pregnancy is safe [18]. In fact, sonogram is used throughout pregnancy for fetal monitoring. Maternal diagnostic ultrasounds are carried out throughout pregnancy when indicated. Therefore, the application of POCUS in maternal diagnostics is reasonable and is considered safe.




5.2. Clinical Application


POCUS is a vital tool in assessing many clinical conditions including, but not limited to, heart failure with decreased left ventricular ejection fraction (peri-partum cardiomyopathy), pleural effusion, pericardial effusion with or without cardiac tamponade, valvular heart disease, aortic aneurysm/aortic dissection, infective endocarditis, and pulmonary embolism with right heart strain. A study showed that POCUS is a valuable tool in the evaluation of preeclampsia with severe features such as pulmonary edema. Although the study was not designed to directly influence clinical management, the findings suggest that POCUS may serve as a useful adjunct to clinical examination for the managing these critically ill cases [19]. POCUS is an essential piece of equipment in the evaluation of alveolar interstitial syndrome, diagnosed based on comet tails. These are an ultrasound artifact that arises when ultrasound encounters a small air fluid interface, extending from the pleural line to the bottom of the screen, also known as “B lines”. In acute setting, B lines represent pulmonary edema, but they may also be encountered in acute respiratory distress syndrome. At the bedside, ultrasonography is highly sensitive, specific, and has been shown to be more accurate than auscultation or chest X-ray for identifying pleural effusion, consolidation, and alveolar interstitial syndrome, adding more diagnostic accuracy [20,21]. A reasonable number of case reports have been published emphasizing the use of POCUS to diagnose and assess various clinical conditions related to obstetric complications in pregnancy; for example, maternal abdominal hemorrhage in the case of uterine rupture.




5.3. Length of Stay and Cost Effectiveness


POCUS facilitates rapid triage of patients. In an analysis of length of stay in the emergency department for patients who received POCUS confirming live intrauterine pregnancy in the first trimester with pain and/or bleeding, the decrease in length of stay was most apparent for patients presenting during evening and nighttime hours [22]. A prospective study studied length of stay in the emergency department, comparing bedside ultrasonography to the conventional radiology department ultrasonography, concluding that POCUS resulted in a significant decrease in time to ultrasound and emergency department length of stay [23]. The mentioned advantages thereby carrying the potential to increase patient satisfaction. The literature suggests that POCUS has other advantages, such as improving quality and cost-effectiveness. This is a promising tool, but it requires dedicated training and experience to ensure safety and precision in making diagnoses.





6. Challenges and Opportunities


Although there are many advantages to POCUS, there are limitations. We outline here these challenges and strategies to overcome them.



6.1. Image Acquisition and Interpretation: ECHO Lab


POCUS of the maternal heart and lungs will potentially vary depending on the operator and ultrasound equipment. Therefore, when there is high suspicion of an abnormality, a formal echocardiogram or other radiographic study will be warranted. The POCUS exam is not intended to substitute a diagnostic test; its utilization is to expand the physical exam when formal testing cannot be performed instantly and while awaiting a critical care consult. Table 1 illustrates the characteristics and differences between the cardiac and obstetrics probes, shwoing their respective potential in clinical applications.




6.2. Litigation


Another limitation is the concern of litigious action and lawsuit cases against physicians acquiring bedside ultrasonography imaging. For example, the extent of lawsuits filed against emergency physicians over point-of-care emergency ultrasound was reported in the American Journal of Emergency Medicine in 2012; a total of one case in 20 years was filed against an emergency physician. It was over failure to perform ultrasound at the bedside, resulting in delayed or missed diagnoses [24]. This argued in favor of more wide-spread use of POCUS.




6.3. Documentation and Reimbursement


Among the barriers to implementing POCUS is documentation and billing. To address this concern, the Society of Hospital Medicine released a Position Statement in 2018 outlining a standard documentation. This should include the indication and type of ultrasound examination performed, date and time of the examination, patient identifying information, name of provider acquiring and interpreting the images, specific scanning protocols used, patient position, probe used, and findings. Whenever possible, documentation should be timely to facilitate communication with other providers. As mentioned in the statement, billing is supported through the AMA Current Procedural Terminology codes for “focused” or “limited” ultrasound examinations. The following points must be addressed for billing: (A) Images must be permanently stored. Specific requirements vary by insurance policy, though current practice suggests a minimum of one image demonstrating relevant anatomy and pathology for the ultrasound examination coded. (B) Proper documentation must be entered in the medical record. (C) Local institutional privileges for POCUS must be considered [25]. This is a snapshot of possible solutions and beyond the scope of this paper. On the labor and delivery unit, we do not intend to bill for POCUS, rather its application to decrease time to diagnosis and treatment is our main goal. In an environment of bundled payment and value-based healthcare, the use of POCUS steers away from the fee-for-service model.




6.4. Training and Quality Assurance


Several specialty organizations including emergency medicine, critical care, anesthesiology, obstetrics, and cardiology published guidelines and statements regarding quality assurance (QA) in POCUS. The aim is to ensure that physicians maintain basic competency to make bedside decisions. Oversight includes ensuring that providers using POCUS are appropriately trained, using the equipment correctly, and documenting properly. Some programs have implemented mechanisms to review and provide feedback on image acquisition, interpretation, and clinical integration [26,27,28]. Evolving training and QA solutions driven by artificial intelligence, machine learning, and deep learning may empower POCUS users to gain confidence rapidly.





7. Conclusions


Ultrasound has many advantages over other imaging modalities, making it well-suited to the acute care setting. The ultrasound equipment is portable and relatively affordable, the images may be obtained and interpreted in real time and the procedure is proven to be safe. This is particularly relevant in the field of obstetrics, with the highest potential for reduction in morbidity and mortality on Labor and Delivery wards. POCUS may provide incremental value to improve our diagnostic and therapeutic capabilities. It has the potential to improve patient safety, decrease length of stay in the hospital and reduce healthcare costs. As POCUS spreads throughout the profession of medicine, it is imperative that physicians engage in research to direct its appropriate use. Active collaboration between expert users, educators, and allied healthcare providers to create future generations of clinicians that will be equipped to use POCUS is ongoing. We acknowledge that there are limitations and have made suggestions to overcome these barriers. This encompasses the incorporation of appropriate training and perform routine operator evaluations to ensure that the adequate and appropriate skill level is maintained.
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Figure 1. Performing cardiac POCUS on a pregnant patient using an OB probe may provide adequate diagnostic information. (a) Parasternal long axis view. (b) M-mode of the mitral valve. (c) Parasternal short axis view. (d) Apical 4-chamber view. (e) Pulse wave Doppler. 
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Figure 2. Historical timeline of POCUS evolution. The timeline highlights some important events over the past century. Emergence of POCUS guidelines from major medical societies and wide-spread use in clinical practice shaped the way we practice medicine today. 
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Table 1. Comparison of cardiac and obstetrics transducers: significant overlaps of transducer frequencies and recommended exam types are listed.
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Transducers




	

	
Cardiac

	
Obstetrics






	
Type

	
Phased array

	
Curved




	
Footprint

	
24 × 17 mm

	
61 × 17 mm
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Frequency

	
1.1–4.8 MHz

	
1.4–5.0 MHz




	
Imaging depth

	
35 cm

	
30 cm




	
Exam Types

	
Abd, FAST, LUNG, Renal, Adult Echo, Ped Echo, TCD

	
Abd, Renal, Bowel, FAST, Lung, OB, Early OB, OB (Adv), Fetal Echo, GYN, Venous, Arterial, Pelvis, Spine
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