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Abstract: 
Microgravity and radiation of space create harsh physiological strains on astronauts with significant damaging effects on cardiovascular and musculoskeletal systems among others. It is necessary to utilize medical technologies that can effectively monitor chronic and acute alterations to astronauts’ health statuses on spacecrafts. Future missions to distant planetary bodies will result in longer exposure to damaging environmental factors and limit crew access to healthcare resources and maintenance devices; thus, even greater logistical and quality considerations must be made. Remarkable advancements in ultrasound technology have created new powerful portable imaging devices and a potential chip-based alternative to piezoelectric crystals that are used in nearly all ultrasound devices. This literature review will investigate new commercial and prototypal ultrasound medical devices on their potential effectiveness in austere environments such as space. The accuracy, versatility, and practicality of each device will be compared to each other as well as the current technological gold standards of health monitoring used in traditional healthcare settings. Assessment of new ultrasound technology in this literature review will provide guidance to future missions by space agencies regarding the most optimal medical devices to protect astronauts and, therefore, enable further exploration of distant planets and solar systems.
Methods:
The ultrasound devices will be evaluated in the context of three of the following categories: versatility, accuracy, and practicality. The versatility of devices will be assessed based on reports of the feasibility of use by personnel with varying levels of medical experience, feasibility of use in austere environments, and reliability in clinical settings will be compared between devices. The accuracy of devices will be assessed from that literature that includes quantitative and qualitative tests of the devices against conventional US (gold standard technology), such as the Ultrasound 2. This literature review will not include a statistical meta-analysis regarding accuracy due to the large variability of experimental methods between experimental and clinical trials in articles. The practicality of devices will be assessed based on logistical considerations for space travel. Cost directly from the manufacturer/company and size (volume and weight). By establishing a standardized method of assessment using this framework, the types of comparisons made throughout this review may remain consistent and, therefore, substantially strengthen this literature review’s conclusions.
To conduct this literature review, the following keywords were searched: ultrasound, portable, imaging, POCUS, noninvasive, medical technology, medical devices, microgravity, radiation, International Space Station, spaceflight, space travel, military. The following devices were investigated: Butterfly iQ, Vscan, Lumify, Iviz, and Clarius. Google Scholar and PubMed have been the databases used. 
Results/Discussion:
The chip-based Butterfly iQ provides superior convenience and cost-effectiveness with this technology replacing the need for exchanging probes based on diagnostic locations and goals. However, select studies have found that the device suffers from frequent overheating, inferior image quality relative to cart-based and portable ultrasound devices with piezoelectric crystals, and an overreliance on internet cloud storage. While piezoelectric devices such as the Vscan, Clarius, and Lumify are generally more expensive, the image qualities produced during examinations were more comparable to the gold standard ultrasound devices. The Vscan was limited by maximal depth of scan while the Lumify was determined in one study to be the superior portable ultrasound device for low-resource settings based on battery life, portability, cost, and ability to adjust depth and gain, albeit for gynecological examinations. 
Conclusions: 
The portable ultrasound devices varied greatly in the assessments of versatility, practicality, and accuracy with no clear consensus for which should definitively be used in spaceflight and on space stations. The new chip-based technology offered currently suffers significant drawbacks with image quality and reliability in the literature. Lumify shows potential as the superior device in low-resource or austere settings such as space; however, more studies outside gynecological examinations are necessary. Further standardized quantitative and qualitative studies directly comparing these devices in austere environments must be made alongside proof of feasibility of use in space. 


