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Dear Readers, 

 

This is a very exciting time for POCUS Journal. As the 

world’s leading point of care ultrasound journal, we 

remain free for both authors and readers. Our content 

brings the POCUS community together as we strive to 

showcase POCUS use by clinicians from a wide variety 

of fields in every possible clinical setting.  

The era of being indexed on PubMed has attracted many 

high-quality submissions, from truly novel case reports to 

late breaking, practice-changing research on POCUS. 

The November issue houses such great scholarship from 

the around the world it is difficult to select the highlights. 

Tierney et al. (page 185-192) studied a prospective 

cohort of hospitalized patients and found that the 

availability and use of POCUS could reduce 

hospitalization cost, radiology cost, and chest x-rays.  

This is a major finding that provides concrete evidence for 

what POCUS users have believed for many years, but 

now finally have the proof to garner continued support for 

their POCUS programs. Saati, et al. (page 159-164) 

conducted a pilot study showing that patients can perform 

their own POCUS exams after brief teleguidance training. 

This proof-of-concept has broad implications for the 

POCUS field as we evolve to use new technologies to 

find better ways to provide individualized care to patients 

in the future.  

Alas, the November issue of POCUS Journal brings with 

it some bittersweet news. It will be the last issue for our 

founding managing editor Julia Herr, MSc, to whom all of 

us in the POCUS community owe a debt of gratitude. Her 

dedication to this journal and pursuit of excellence in 

publishing have brought the POCUS Journal platform to 

where it is today.  

 

Please find our author guidelines here: https://

pocusjournal.com/author-guidelines/ 

 

Sincerely, 

 

Benjamin T. Galen, MD 

Department of Medicine, Albert Einstein College of 

Medicine, Bronx, NY 

Editor-In-Chief , POCUS Journal 
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High Tech POCUS Education in Remote Environments: An App 

Review 
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1
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Letter 

In recent years, the development of hand-held devices 

have intrigued POCUS enthusiasts due to improved 

affordability, portability, and ease of use. They also 

provide extra functionality for image storage and 

transmission for remote provider-to-provider 

communication and review. Due to these capabilities, 

portable ultrasound has found its use expanded to pre-

hospital, wilderness, and austere settings, where cart-

based machines and other imaging modalities are not an 

option [1]. As resident educators, it is exciting to see the 

enthusiasm our trainees have for POCUS, prehospital, 

and wilderness medicine. But how do we train the next 

generation of POCUS wielders for best use in remote 

environments? 

Queue the “Awesome Ultrasound Simulator”, an iOS app 

created by Swedish physician Per Östergren (Figure 1) 

[2]. Advertising a method to “Train as you fight, and fight 

as you train”, the app boasts a unique way to teach 

POCUS image acquisition and image interpretation in any 

environment. Currently, it costs $14.99 USD and its use 

requires two iOS devices. One serves as the “remote” 

and the other as the “monitor”. There are several cases to 

choose from, with preloaded cine loops, but there is also 

the ability to upload your own clips as well. The student 

may use a dummy probe or an untethered hand-held 

ultrasound device to phantom-scan either a manikin or a 

live person. The instructor can then wirelessly trigger cine 

loops via the “remote” device to the “monitor” device 

based on the site scanned for the student to interpret 

(Figures 2 and 3). 

We recently had the opportunity to trial this app during 

our residency’s annual Wilderness Medicine simulation 

day. The event was held outside of town, at the foot of 

the Blue Ridge Mountains, on a plot of land with lots of 

acreage and wooded forest. In addition to map and 

topography assessment, improvised splinting, field 

extrication, and tourniquet application, we included a 

station requiring use of a hand-held ultrasound device to 

clinch a diagnosis. Our scenario involved a hunter 

(manikin) who had fallen out of a tree-stand from a 
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significant height with resultant chest wall trauma. 

Residents were required to perform a trauma survey and 

identify a pneumothorax through identification of lack of 

lung sliding and a lung point on simulated POCUS 

assessment. Not only could residents phantom-scan the 

chest wall and lung, but they could perform a brief 

cardiac exam and a FAST examination as well.  

The Awesome Ultrasound Simulator worked as 

advertised and provided a realistic feel to the scenario. 

There is a small learning curve for uploading clips to the 

device, and when using in a remote location you must 

ensure adequate battery charges on your devices. The 

app leans heavy on image interpretation over image 

acquisition, although instructors may withhold triggering 

of a cine loop until appropriate probe positioning by the 

trainee occurs. All in all, our department found 

tremendous use in this easy to use and affordable 

application. The ability to simulate real pathology and 

promote out-of-hospital use of POCUS was both 

impressive and fun. We hope to continue to use the app 

in efforts to teach high tech diagnosis in remote 

environments, and maybe you will too.  

Disclosures 

The authors have no conflicts of interest to share. We 

share no relationship, financial or otherwise, with the 

“Awesome Ultrasound Simulator” application or its 

creator. The opinions above are our own. 

 

References 

1. Canepa CA, Harris NS. Ultrasound in Austere Environments. High 
Alt Med Biol. 2019 Jun;20(2):103-111. doi: 10.1089/ham.2018.0121. 
Epub 2019 May 21. PMID: 31112050. 

2. Per Östergren. (2020). Awesome Ultrasound Simulator (Version 
3.6.1) [Mobile app]. iOS App Store. https://apps.apple.com/us/app/
awesome-ultrasound-simulator/id1064416294 

Figure 2.  The “Remote” device (iPhoneTM) may be 

used to trigger the display of normal or pathologic cine 

loops. 

Figure 3. Emergency Medicine residents performing 

an E-FAST exam in the field, interpreting images on 

the “Monitor” device (iPadTM). An unconnected 

Clarius handheld device is used as the dummy probe. 
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Letter 

The transvaginal pelvic point of care ultrasound (POCUS) 

examination remains a patient-centered and relevant 

examination. Since 2008, emergency medicine 

physicians are required to learn, perform, and interpret 

POCUS examinations to deliver safe and patient-

centered diagnostic and procedural care. Pelvic POCUS 

is one of these core applications in the emergency 

physician scope of practice. A pelvic POCUS examination 

seeks to answer the focused question, “Is there an 

intrauterine pregnancy (IUP)” and risk stratifies the 

patient when ectopic pregnancy is a clinical concern [1]. 

Transvaginal ultrasound (TVUS) is necessary beyond 

transabdominal POCUS as it enhances the image quality 

of the uterus, ovaries and adnexal complexes. It can also 

assist providers in obtaining further clinically important 

information.  

 In a 2006 survey, 25% of community-based emergency 

departments reported having neither an ultrasound 

technologist available in the hospital at night nor a 

radiologist available to read the examinations performed 

[2]. Consequently, most emergency physicians are 

responsible for and should be able to execute a TVUS 

examination for safe patient care. Not making a timely 

diagnosis in a patient with symptoms suggestive of an 

ectopic pregnancy can be life-threatening [3].
 
The pelvic 

POCUS examination is especially relevant to emergency 

physicians who practice outside of a tertiary academic 

medical center and without 24-hour radiology-based 

ultrasound services.  This represents the majority of 

emergency physicians in practice. A 2017 survey of 

emergency physicians who completed the 2017 ConCert 

examination found that 76.3% of participants identified as 

community emergency physicians, while 19.6% identified 

as academic emergency physicians [4]. 

Despite the established role of the pelvic POCUS 

examination in emergency medicine patient care practice, 

we are increasingly concerned that residents are not 

being taught the TVUS technique and faculty are not 

using this diagnostic imaging test for patient-centered 

care. A 2020 Society for Clinical Ultrasound Fellowships 

survey asked directors to report on the use of TVUS by 

faculty, fellows, and residents: Shockingly, only 20% of 

emergency physicians used TVUS regularly. 58% 

reported using TVUS occasionally [5].  

We believe there are multiple factors contributing to what 

we perceive as a decline in performing this examination. 

1) Better POCUS hardware: there is an improved quality 

in transabdominal imaging making TVUS considered less 

necessary. 2) Few training opportunities: emergency 

medicine residents find limited training opportunities 

when working with attendings who do not perform TVUS 

and when patients are preferentially transported to the 

radiology for TVUS. 3) Infection control measures: 

POCUS leaders anecdotally note the increasing 

surveillance in transducer cleaning and sterilization 

practices as a deterrent to performing a TVUS 

examination [6]. 

TVUS Still Offers Improved Imaging 

We believe that TVUS continues to be relevant, 

important, and patient-centered to emergency medicine 

practice. The TVUS examination offers improved image 

quality over the transabdominal technique. The TVUS 

examination identifies early pregnancy structures one 

week earlier than a transabdominal examination with the 

use of a curvilinear transducer in a patient with a full 

bladder [7]. Logistically, the TVUS transducer is higher 

frequency. We acknowledge that ultrasound imaging has 

improved over the last decade, and in some instances the 
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high frequency linear transducer can identify an IUP [8];
 

however, transabdominal imaging is not equivalent to 

TVUS. One cohort study of over 500 patients showed 

that EP performed TVUS helped diagnose a viable IUP in 

50% of patients with an inconclusive curvilinear 

transabdominal ultrasound [9]. As a result, the ED length 

of stay was 3 hours for patients with emergency 

physician performed TVUS examination, versus 6 hours 

for patients with a technician in radiology performed 

TVUS examination [9]. The image quality improvement 

by TVUS may be greater in patients with high BMI, 

abdominal surgical scars, or poor visualization of 

structures due to bowel gas. 

TVUS is a Teachable Skill 

With increased experience and training in TVUS, 

emergency physicians can determine the presence or 

absence of an IUP. One study showed that emergency 

medicine residents require a relatively short training 

period to learn and competently perform a TVUS [10]. 

After a 1-hour didactic session, a written examination, 

and 10 supervised studies, the residents were able to 

perform a TVUS examination to evaluate for IUP with 

good concordance with the ED director of ultrasound 

[10]. Learners continued to benefit from performing a 

greater number of TVUS exams and felt confident after 

performing 25 examinations [11].  

To help medical educators ensure that TVUS remains a 

procedure that residents learn, we suggest creating 

training opportunities. The opportunities to learn TVUS 

are many: direct patient care in the emergency 

department, a rotation on the obstetrics-gynecology 

service, a rotation in radiology, and of course the 

emergency medicine POCUS rotation. Simulation 

centers that offer both static and dynamic pelvic 

ultrasound simulators are excellent education resources. 

Simulated examinations offer many advantages, 

including competency assessments and the opportunity 

for direct feedback [12]. One study showed that 

simulation based TVUS training not only increased 

clinician comfort in performing the examination and 

decreased the duration of live TVUS examinations, but 

also showed that residents who had simulation training 

had decreased patient discomfort scores [12].  

TVUS Transducers Can Be Maintained 

There has been an increased focus on infection control 

guidelines by national organizations, such as the Joint 

Commission on Accreditation of Healthcare 

Organizations (JCAHO), specifically on the use of TVUS. 

We believe that if radiology and gynecology staff are able 

to follow the cleaning protocol, then certainly the 

emergency department can too. Cleaning and 

disinfecting the TVUS requires high level disinfection 

(HLD) [13]. We acknowledge that the education and 

maintenance for the TVUS transducer may be perceived 

as cumbersome and difficult to maintain, yet there are 

many solutions. This could be performed in the 

emergency department where team members learn the 

HLD protocols. This requires upfront resource investment 

and then the process should be easy to follow [14]. 

Alternatively, some EDs, which are unable to support a 

HLD system can share resources with the Department of 

Radiology or the hospital central sterilization department. 

Further research on cost/resource utilization of the TVUS 

may help overcome this barrier.  

In conclusion, the pelvic TVUS ultrasound examination is 

an easy to learn, patient-centered examination. While 

TVUS is being infrequently taught and performed, its 

significant benefits should prompt research into how this 

technique can be incorporated into bedside practice. 
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Introduction 

Point of care ultrasound (POCUS) is rapidly expanding 

throughout the United States. Due to its ability to quickly 

and accurately diagnose and guide therapy for critical 

conditions, POCUS is becoming routine in many 

specialties, with established guidelines in fields such as 

emergency medicine and critical care [1–3]. For example, 

a study entitled “Ultrasound Integration in Undergraduate 

Medical Education: Comparison of Ultrasound Proficiency 

Between Trained and Untrained Medical Students” 

initiated an Emergency Medicine POCUS curriculum for 

first-year medical students that showed an increase in 

ultrasound capability [4]. In short, as POCUS becomes 

more common practice, medical schools are beginning to 

implement POCUS training into their undergraduate 

medical education; studies from these institutions 

demonstrate that implementing a formal ultrasound 

curriculum into preclinical medical education significantly 

increases medical students’ POCUS capabilities [4,5] and 

assisted in their understanding and learning of anatomy 

[6,7].  

To the authors’ knowledge, there has not been a study 

that focused on integrating Obstetrics and Gynecology 

(OBGYN) POCUS curriculum within the medical school’s 

curriculum. An OBGYN Ultrasound Lecture Series was 

created for Ob/Gyn residents and was designed by the 

American Institute of Ultrasound Medicine (AIUM) [9]. 

The 32 videos offered by this Lecture Series cover topics 

within OBGYN, Obstetric Imaging, and Gynecologic 

Imaging [9]. These educational, in-depth videos may not 

be easily understandable/digestible for beginners in this 

field. They are very detailed and provide an extensive 

level of knowledge for residents. However, this results in 

a gap between medical students with limited knowledge 

and curricula with an extensive knowledge base. There 

are no widely available curricula to serve as an 

introduction for medical students of obstetrics imaging to 

assist in the closure of this educational gap.  

We describe a beginner-level, student-led para-curricular 

POCUS obstetric imaging workshop on obstetric imaging 

led by medical students. This workshop and curriculum 

were made assuming that students have no prior 

experience with obstetric imaging and, in general, have 

limited experience with ultrasound. In addition, the 

assumption was also made that these medical students 

have had limited clinical experience. Hence, this 

workshop should be educationally fit for any medical 

student level and aimed at beginners in obstetric imaging. 

This workshop also acknowledges the increasing 

importance of POCUS proficiency in medical 

professionals. Still, many medical schools struggle to find 

time in their curriculum and trained faculty to implement 

POCUS training programs [8]. At our institution, students 

have limited exposure to POCUS throughout a 3-year, 

accelerated curriculum. Students are eager to gain skills 

in POCUS, which led to a student-led initiative.  

Curricula  

At our institution, medical students complete a 3-year 

accelerated curriculum. During year 1, the preclinical 

year, students attend radiology lectures that complement 

an organ-system-based curriculum twice weekly. During 

these radiology lectures, students mainly review various 

imaging modalities, including x-ray, CT, and ultrasound of 

adults, to understand the anatomy and pathology of 

multiple organs such as gallbladder, thyroid, testicles, 

and vasculature. First-year students do not learn how to 

utilize ultrasound probes or POCUS devices. POCUS is 

available for second-year students. It is introduced to 

second-year medical students participating in clinical 

rotations (MS2 students) through a one-day POCUS 

workshop focusing on venous compression ultrasound, 
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lung assessment, and the Focused Assessment with 

Sonography in Trauma (FAST) exam. There is no formal 

POCUS training on obstetric ultrasound in the three-year 

curriculum. In addition, there is no formal POCUS 

training integrated into any clinical rotations. However, 

throughout medical school's second and third years, 

students may be exposed to POCUS in various settings 

throughout their clinical rotations. For example, during 

the 6-week Obstetrics and Gynecology rotation, Phase 2 

medical students utilize ultrasound frequently for fetal 

assessment to detect fetal head. Still, there have been 

no formal curricula that cover how to do so.  

At our three-year accelerated medical school, medical 

students interested in pursuing OBGYN residency 

training recognized the benefit of early training in 

POCUS. They organized a series of POCUS workshops 

utilizing a handheld ultrasound device. Medical students 

interested in applying to an OBGYN residency met at the 

Maternal Fetal Medicine (MFM) sonography unit. This 

workshop was outside scheduled didactic teaching, and 

clinical rotation responsibilities and participation were 

voluntary. Before the first workshop, students were 

provided with an obstetric POCUS primer. This short 

video lecture outlined ultrasound science and the 

advantages of POCUS technology. The lecture 

concluded with the specific knowledge addressed during 

the obstetric ultrasound workshop: detect a fetal heart 

rate, confirm fetal head location, identify placental 

location, and identify a maximum vertical pocket of 

amniotic fluid. In addition, before the workshop, students 

completed a workshop gauging their interests in 

ultrasound training, career/specialty selection, prior 

experience with ultrasounds, and comfort and 

understanding of identifying specific structures (Table 1).  

The POCUS workshop was a 60-minute, hands-on, skills

-based session led by maternal-fetal medicine faculty. 

Students learned four core skills that included how to 

1) detect a fetal heart, 2) confirm fetal head location, 3) 

identify placental location, and 4) identify a maximum 

vertical pocket of amniotic fluid (Figure 1). Six medical 

students participated in this workshop. The faculty asked 

patients if they were interested in participating in medical 

student education. Patients had the teaching part of their 

ultrasound after the scheduled care portion was 

completed. Each student had approximately 6 minutes of 

personal hands-on scanning under the direct observation 

of the MFM faculty, allowing for real-time feedback and 

instruction. Three months later, the students that 

participated in the workshop, along with an additional six 

students that did not attend the workshop, performed 

fetal POCUS in the labor and delivery triage as a follow-

up from the original workshop. Students were compared 

on their ability to perform all four core skills within five 

minutes.  

Follow up  

The initiative of implementing ultrasound workshops in 

medical schools through student-led interest groups was 

a success, with 100% attendance (8 students) from the 

OBGYN interest group reported. Six of the students were 

first-year medical students, and 2 of the students were 

second-year medical students. Six of the students were 

solely interested in pursuing OBGYN residencies, and 2 

of the students were exploring OBGYN and one other 

field in medicine, either Internal Medicine or Surgery. 

Four of the students reported some prior experience with 

ultrasound, and 4 of the students reported no prior 

experience with ultrasounds. Two of the students had 

completed the OBGYN rotation (Phase 2), and all eight 

students had completed their Endocrine and 

Reproduction course (Phase 1). Students completed a 

survey before the workshop. Six out of the eight students 

Table 1. Survey administered prior to workshop 

 1 = 
Disagree 

2 = 
Neutral 

3= 
Agree 

I feel confident in my 
understanding of how 
ultrasound works. 

4 3 1 

I feel enthusiastic about 
the use of point-of-care 
ultrasound. 

0 2 6 

I feel comfortable 
detecting fetal heart 
rate. 

6 1 1 

I feel comfortable 
detecting fetal head 
location. 

6 1 1 

I feel comfortable 
detecting placenta 
location. 

6 1 1 

I feel comfortable 
detecting maximum 
vertical pocket of 
amniotic fluid. 

6 2 0 

I feel comfortable 
triaging labor and 
delivery patients. 

6 1 1 

I know how to apply 
proper probe techniques 
to a fetal ultrasound 
scan. 

6 1 1 

I feel comfortable 
performing a fetal 
ultrasound scan. 

6 2 0 

I intend to continue 
learning about 
ultrasound and refining 
my skills. 

0 0 8 
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agreed that they felt “enthusiastic about the use of 

POCUS,” and two reported neutral regarding the 

statement. 100% of students reported that they intend to 

continue learning about ultrasound and refining their 

skills. Six of the eight students said they felt 

uncomfortable detecting fetal heart rate, fetal head 

location, placental location, and maximum vertical pocket 

before the workshop (Table 1).   

Six out of the eight students that participated in the 

workshop were assessed three months later. An MFM 

fellow timed the student while the student was tasked 

with identifying the four imaging skills they were taught in 

the workshop on patients in the Labor and Delivery 

triage. Patients consented to this before medical students 

utilized the POCUS device. The average time it took the 

students who completed the workshop to identify all four 

elements was 2 minutes and 36 seconds. The six 

students that served as controls were given five minutes 

to recognize the four imaging skills, and none could 

complete all four skills in the five minutes. Two out of 6 

students identified one element, and 1 out of the six 

identified three elements (Figure 2). 

 

Discussion  

The results of our study show that the creation of 

POCUS workshops is an accessible and effective way of 

retaining obstetric POCUS skills. Students that 

participated in the workshop were not only able to identify 

the four elements but were also able to efficiently identify 

them within a time constraint. In contrast, students who 

did not participate in the workshop could not locate all of 

the imaging elements within the time constraint. Initiating 

and implementing student-driven ultrasound workshops 

can be an effective way of providing valuable hands-on 

experiences to students. Additional POCUS workshops 

during the Endocrine and Reproduction course for first-

year medical students in Phase 1 of the medical school’s 

curriculum and during the orientation of OBGYN rotation 

in Phase 2 will take place during the 2023-2024 

academic year. These planned workshops will occur 

similarly to our original approach with additional feedback 

from students to continue expanding and improving this 

POCUS obstetric curriculum. 

Student-initiated workshops introducing POCUS training 

early in medical school can serve as a helpful tool, 

particularly for students interested in OBGYN 

Figure 1. Summary of Methods. 

Figure 2. Summary of workshop results. Comparison of students, by participation status, in completing imaging 

elements identified during time constraint. 
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residencies. Future workshops will help further integrate 

POCUS education across preclinical and clinical years. 

Ultrasound exposure is integrated into our institution’s 

three-year curriculum. In the first year, students learn to 

interpret ultrasound images of the gallbladder, testicles, 

thyroid, and vasculature during an organ system-based 

preclinical year. However, this is from traditional 

ultrasound machines and not with the utility of POCUS. 

In year 2, students receive a 1-day POCUS training in 

venous compression ultrasound, lung assessment, and 

the FAST exam and may get exposure throughout the 

clinical rotations. Paracurricular, student-led obstetric-

focused POCUS workshops could be integrated into a 

medical student curriculum to increase familiarity with 

POCUS in obstetric care.  

Integration of ultrasound training and POCUS training is 

vital in medical education to par with current technology 

and educate students to integrate this technology into 

clinical care. Integrating ultrasound training into student-

led interest groups can be an excellent way for students 

and faculty to collaborate and create learning objectives 

aligned with students’ interests. In addition, ultrasound 

workshops can empower students to advance POCUS 

knowledge and utility across rotations. This early POCUS 

exposure in medical education could improve future 

training as these students transition to residents. Student

-led initiatives such as this obstetric-focused POCUS 

workshop are supplementing medical student curricula. 

This could transition to a formalized portion of the 

medical student curricula to address potential gaps in 

ultrasound knowledge for a more graduated learning 

process. This knowledge provides priming for resident-

level education and competency. By participating in 

these workshops, medical students increase their 

obstetric skills for residency and familiarity with the 

obstetric use of POCUS. 
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Background 

Point of care ultrasound (POCUS) is often utilized in the 

emergency department (ED) to quickly evaluate for 

several potentially vision-threatening pathologies. This 

includes, but is not limited to, retinal detachment (RD), 

foreign body, lens dislocation, posterior vitreous 

detachment (PVD), and vitreous hemorrhage (VH) [1,2]. 

A potential mimicker of VH in particular is asteroid 

hyalosis, a relatively rare, benign degenerative condition 

that often has little impact on vision [3,4]. Similar to VH, 

POCUS findings of asteroid hyalosis consist of mobile 

hyperechoic opacities within the vitreous [ 5-7]. Being 

able to recognize the subtle differences between the two 

is important, as the management of each is quite 

different. 

We present a case of a patient who presented to the ED 

for painless monocular vision changes. Ocular POCUS 

revealed numerous distinct, mobile, hyperechoic 

opacities throughout the vitreous and was initially thought 

to be VH. However, on closer inspection and with 

ophthalmologic evaluation, the patient was diagnosed 

with asteroid hyalosis and did not require additional 

ophthalmologic management. 

Case Report 

The patient was a fifty-nine year-old female with a history 

of hypertension, hyperlipidemia, coronary artery disease 

status post percutaneous coronary intervention, chronic 

obstructive pulmonary disease and fibromyalgia who 

presented to the ED with right-sided facial pain and 

intermittent blurred vision. She stated her symptoms 

began gradually while grocery shopping the prior evening 

and had been persistent since. She denied a headache, 

foreign body sensation, flashes of light, floaters, double 

vision, vision loss, pain with extraocular movements, or 

abnormalities of the surrounding skin. 

Physical examination revealed pupils that were equal, 

round, mid-range in size, and reactive to light bilaterally. 

Extraocular movements were intact. There were no 

keratotic lesions, hyphema, or conjunctival injection 

noted. There was tenderness to light touch over the right 

periorbital region, cheek and nose without any skin 

lesions, erythema, or swelling. Intraocular pressure was 

within normal limits. Visual acuity was 20/40 in the right 

eye, 20/30 in the left eye.  Intraocular pressure was within 

normal limits.  A neurologic examination further revealed 

fluent speech, normal strength and sensation in all four 

extremities, and no facial asymmetry. 

On POCUS of the right eye, there was no evidence of 

RD. However, within the vitreous there were numerous 

hyperechoic foci which were mobile with a dynamic 

exam. While it had the classic “washing machine”[5]  

appearance of VH, the particles were more echogenic 

and distinct than what is typically seen with VH (Figure 1, 

Case File  

Abstract  

Ocular point of care ultrasound (POCUS) can help make timely recognition of multiple emergent ocular conditions and 

differentiate these from more benign conditions. While asteroid hyalosis (AH) is benign, it can easily mimic the more 

potentially serious vitreous hemorrhage on ocular POCUS, as both consist of numerous echogenic opacities within the 

vitreous with a classic “washing machine” appearance with eye movement. However, asteroid hyalosis particles tend 

to be more discrete, hyperechoic, scintillating, and seen throughout the vitreous. Knowledge of this mimic and ability to 

recognize the subtle sonographic differences can help differentiate these disease processes, which can influence 

management and potentially disposition. 
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Video S1). Ophthalmology was consulted given the 

patient’s presenting symptoms and abnormal ocular 

ultrasound findings. Dilated fundoscopic examination 

confirmed the diagnosis of asteroid hyalosis. No other 

acute pathology was noted, other than possible early 

herpes zoster ophthalmicus. Outpatient management 

was deemed appropriate, so she was discharged home 

with a prescription for antivirals and advised to follow up 

with ophthalmology later that week.  She did not require 

follow up for the asteroid hyalosis alone. 

Discussion 

Asteroid hyalosis, named for resembling “stars in a night 

sky”, is a benign degenerative ocular condition resulting 

in calcium, phosphate, and lipid deposits varying in size 

within the vitreous body [3]. Increasing age and male sex 

are the most significant risk factors for asteroid hyalosis 

[4]. Systemic comorbidities, such as diabetes, 

hyperlipidemia, and hypertension, have been reported to 

be associated with asteroid hyalosis [8]; however, when 

adjusted for age and sex, this association appears to lack 

significance [9]. 

 Asteroid hyalosis is rarely symptomatic unless severe or 

if concurrent ocular pathology, including cataracts, 

vitreous hemorrhage, or diabetic retinopathy, is present. 

While often an incidental finding, asteroid hyalosis can 

confound retinal or fundoscopic imaging due to its 

numerous vitreous opacities [3,8]. While often detected 

by a comprehensive ophthalmologic examination, 

asteroid hyalosis can also be detected with POCUS, a 

readily available diagnostic tool for emergency 

physicians. 

A POCUS assessment for asteroid hyalosis is similar to 

that of RD, PVD, or VH, which is well described in the 

ultrasound literature [1,3-5,10,11]. Visualization of these 

conditions is often optimized when the gain is increased. 

Asteroid hyalosis most closely mimics vitreous 

hemorrhage (Figure 2), as both consist of numerous 

echogenic opacities within the vitreous with a classic 

“washing machine” appearance with eye movement. 

However, asteroid hyalosis particles tend to be more 

discrete, hyperechoic, scintillating, and seen throughout 

the vitreous, whereas vitreous hemorrhage particles tend 

to be more heterogeneous and layer in the most 

posterior aspect of the chamber [1,3].
 

Given its benign, degenerative nature, asteroid hyalosis 

rarely requires any particular treatment and non-

emergent ophthalmologic follow-up is appropriate. It 

often does not require further ophthalmologic workup 

unless other pathology is suspected, or significant vision 

loss occurs.   

Conclusion 

Emergency physicians can use POCUS to promptly 

evaluate for several time-sensitive, vision-threatening 

ocular conditions. While relatively rare, asteroid hyalosis 

is a benign condition that can easily mimic VH, RD, or 

other concerning pathology that typically warrants urgent 

or emergent ophthalmologic evaluation. Knowledge of 

this mimic and ability to recognize its subtle sonographic 

Figure 2. Transverse view of the affected eye 

demonstrating vitreous hemorrhage, characterized by 

echogenic blood layering posterior in the vitreous body 

(blue arrow). The more hyperechoic areas represent 

clotted blood. 

Figure 1. Transverse view of the affected eye 

demonstrates distinct hyperechoic opacities within the 

vitreous body consistent with asteroid hyalosis. 
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features can be useful in differentiating from other 

pathologies, communicating with ophthalmology, and 

influencing management and disposition. 
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Case Presentation 

An 18-year-old girl who recently recovered from infectious 

mononucleosis presented to the pediatric emergency 

department (ED) with a sore throat. She had completed a 

course of steroids due to persistent sore throat 

associated with right-sided neck pain and hoarseness. 

Over the following 2 days, her symptoms worsened and 

progressed to odynophagia and trismus, prompting her 

visit to the ED. In the ED, she was well appearing in no 

acute distress with normal vital signs. On examination, 

she had a leftward uvular deviation in addition to a mass 

in the right peritonsillar space, concerning for a PTA. An 

intraoral POCUS was performed using an endocavitary 

probe to better visualize the abscess and plan for 

drainage (Video S1). Using POCUS, the emergency 

physicians were able to confirm the abscess, measure its 

size, and identify the depth of nearby vessels to avoid 

while performing the drainage (Figure 1). The PTA was 

subsequently safely and successfully drained, yielding 

about 7 milliliters of pus which later grew Streptococcus 

pyogenes. The patient experienced immediate relief and 

was discharged on oral antibiotics. 

Discussion 

PTA is a common deep neck space infection, with an 

incidence of about 3 in 10,000 per year [2]. Physical 

examination is often unreliable, with reported sensitivity 

and specificity of 78% and 50%, respectively, even 

amongst experienced specialists [3]. Moreover, it is often 

difficult to distinguish between peritonsillar abscess and 

other deep neck space infections such as tonsillitis and 

peritonsillar cellulitis clinically [4]. Imaging modalities such 

as CT are accurate but have several disadvantages such 

as increased costs, length of stay, intravenous contrast 

and radiation risk. POCUS has increasingly been used as 

Case File  

Abstract  

The use of point of care ultrasound (POCUS) for diagnosis and treatment of peritonsillar abscess (PTA) is increasing 

[1]. Proven advantages include improved diagnostic accuracy and treatment success rates as well as decreased 

otolaryngology consultation, computed tomography (CT) usage, return visits to the emergency department (ED), and 

length of stay [1]. We present a case of a patient with a PTA that was diagnosed and successfully treated utilizing 

POCUS, avoiding the need for otolaryngology consultation and CT. 
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Figure 1. Peritonsillar abscess (*) adjacent to the 

internal carotid artery (yellow arrow) and internal 

jugular vein (white arrow) at a depth of about 3cm. 
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an adjunct for diagnosis of PTA, with a sensitivity ranging 

from 89-95% and specificity of 78-100% [3,5]. 

Additionally, when used for the treatment of PTA, 

POCUS increases successful drainage and diagnostic 

accuracy, and decreases otolaryngology consultation, CT 

utilization, return visits to the ED, and length of stay 

[1,6,7]. In our case, PTA was rapidly diagnosed and 

successfully treated in the ED without the need for 

otolaryngology consultation or CT. 
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Introduction 

Aortic dissection (AD) is the most common type of acute 

thoracic aortic syndromes, compared to intramural 

hematoma and penetrating atherosclerotic ulcer [1]. It has 

an incidence of 5- 30 cases per million people per year 

and is more common in men [1]. Known risk factors 

include arterial hypertension, thoracic aortic aneurysm, 

bicuspid aortic valve, and genetic conditions affecting the 

tunica media, such as Marfan or Ehlers-Danlos 

syndrome, aortitis, pregnancy, trauma, and iatrogenia [1]. 

Based on the Stanford classification, dissection including 

the ascending aorta is known as Type A (A-AD), and 

dissection not including the ascending aorta is known as 

type B (B-AD). Two-thirds of dissections are A-AD [2]. 

Early surgery is mandatory in A-AD, whereas B-AD is 

often treated medically, unless it ruptures or causes 

malperfusion syndromes [2]. 

Patients with AD typically present severe chest pain. In 

addition, depending on the propagation of the dissection, 

patients may show features of heart failure, myocardial 

infarction, tamponade, shock, or malperfusion 

syndromes. These overlapping presentations may 

confound the attending physician and delay the diagnosis 

or may even pose a patient´s risk if some treatments are 

indicated. For instance, there is further urgency of 

diagnosing aortic dissection as an etiology of stroke as 

early thrombolytic therapy may be indicated. 

To diagnose AD, clinical findings alone may be equivocal, 

and electrocardiogram, laboratory tests or chest 

radiography often show nonspecific findings. Cardiac 

POCUS (transthoracic) can be considered the preferred 

tool for screening patients with suspected AD given its 

acceptable diagnostic accuracy (particularly in A-AD), its 

quickness, non-invasiveness, lack of ionizing radiation, 

and widespread availability in acute care settings [1]. In 

addition to AD diagnosis, POCUS may aid in the 

detection of complications, such as aortic regurgitation, 

acute heart failure, or tamponade.  

Case presentation  

A 29-year-old man was admitted to the Emergency 

Department (ED) with chest pain radiating to the right 

shoulder, progressively worsening over the last five days, 

accompanied by dyspnea at rest, diaphoresis, and 

emesis. Vital signs were: heart rate 118 beats per minute; 

respiratory rate 30 breaths per minute, blood pressure 

110/75 in both arms, oxygen saturation 80% on room air; 

and temperature 36°C. A physical examination revealed 

a severely distressed patient with excruciating chest pain, 

orthopnea, and diffuse bilateral crackles on chest 

Abstract  

Aortic dissection (AD) is a medical emergency with a poor prognosis if not recognized early and treated promptly. In 

this setting, clinical data may be equivocal, while electrocardiogram, laboratory tests, and chest radiography often 
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auscultation. He had marfanoid habitus. Surface 

electrocardiography showed sinus rhythm at 118 QRS 

complexes per minute, with a 1 mm ST level depression 

in leads DII, DIII, and AVF, and 2 mm from leads V4 to 

V6. Cardiac POCUS (transthoracic) was performed on 

arrival. In the parasternal long-axis view, POCUS 

showed a severely dilated aortic root with a long intimal 

flap originating from its anterior aspect, protruding into 

the left ventricle in diastole, and touching the anterior 

leaflet of the mitral valve (Figure 1A,1B and Video S1). 

The left ventricle was dilated, and systolic function was 

severely impaired (Video S1). Severe acute aortic 

regurgitation was also observed. In the short axis, a 

pseudo- double aortic valve was mimicked with the 

pseudo valve as the intimal flap (Figure 1C and Video 

S2).  Diffuse bilateral B-lines confirmed acute pulmonary 

edema. Chest computed tomography with intravenous 

contrast medium confirmed an A-AD limited to the aortic 

root and ascending aorta (Figure 2). The patient was 

transferred to the operating room, where the preoperative 

findings were also confirmed (Figure 3). He successfully 

underwent the Bentall procedure and continued his care 

in the intensive care unit. 

Discussion 

The case presented here is one of several reported 

cases that highlight the value of cardiac POCUS in 

diagnosing A-AD without delays in the Emergency 

Department, leading to improved patient care. The 

diagnostic accuracy of cardiac POCUS is better for A-AD 

than B-AD. For A-AD, the sensitivity is 78-100%, 

whereas for B-AD it is 31–55% [2]. In cases where the 

diagnosis is unequivocal on cardiac POCUS and the 

patient is unstable, the patient should go directly to the 

operating room without further imaging techniques [3]. 

However, when cardiac POCUS does not rule out AD 

and suspicion remains high, advanced imaging 

techniques such as transesophageal echocardiography 

Figure 1. Cardiac point-of-care ultrasound (POCUS) showing signs of type A aortic dissection (A-AD). A. Parasternal 

long axis (PLAX) view in a systolic frame. B. PLAX view in a diastolic frame. C. Parasternal short-axis view. Arrow 

indicate the intimal flap, while the continuous green line indicate the aortic root dilation (pseudo-double aortic valve). 

Arrowhead is pointing to the anterior leaflet of the mitral valve. LV: left ventricle; LA: left atrium; RVOT: right 

ventricular outflow tract; RA: right atrium; AoR: aortic root; AV: aortic valve.  

Figure 2. Confirmation of A-AD by chest computed tomography with intravenous contrast medium. A. Coronal plane 

showing a dilated aortic root/ascending aorta (continuous yellow line) and a normal aortic arch (continuous red line). B. 

Axial plane showing a dilated ascending aorta (continuous yellow line) with an intimal flap indicated by the arrow, and 

the normal descending aorta (continuous green line). C. Axial plane at the level of the normal aortic arch (continuous 

red line).  
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(TEE) in unstable patients, chest computed tomography 

(the most common modality in practice), or magnetic 

resonance imaging in stable patients should be 

performed [2-6].  

Signs of dissection on Cardiac POCUS include aortic 

dilation and an intimal flap separating the aortic lumen in 

a true and false lumen. When evaluating for an intimal 

flap, physicians should be aware of mimickers such as 

artifacts resembling a double aortic lumen. Reverberating 

and side-lobe artifacts are often observed in the 

ascending aorta and aortic root, respectively, leading to 

false-positive AD diagnosis [7]. Regional wall motion 

abnormalities and pericardial effusion may occur in cases 

where dissection includes the coronary ostia and 

pericardium, respectively. Aortic regurgitation of varying 

degrees can also be observed, as well as B lines, as a 

sign of pulmonary edema. 

The clinical data and phenotypic features of our patient 

raised the suspicion of A-AD. Dilation and dissection 

limited to the aortic root/ascending aorta are typical of 

Marfan syndrome [6], which was easily observed by 

cardiac POCUS, leading to early offering a definite 

treatment. In our patient, a chest CT was performed to 

confirm AD, which seemed unnecessary, and the patient 

could be transferred to the operating room without the 

need for advanced imaging techniques [3].  

Conclusion 

The case presented here is a clear example of the 

paramount importance of cardiac POCUS in the 

diagnosis of aortic dissection, leading to the early 

initiation of medical treatment and activation of the 

surgical team to reach a definite treatment. Without 

POCUS, the diagnosis could be delayed or even missed, 

obscuring the patient prognosis.  
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Figure 3. Operative findings of A-

AD. A. Aortic root/ascending aor-

ta dilatation and a normal aortic 

arch are observed. B. The intimal 

flap and a true and false lumen 

are demonstrated by opening the 

aortic root. AoR: aortic root; Asc 

Ao: ascending aorta.  
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Case Presentation 

A 59-year-old man with past medical history including 

obesity status post gastric banding surgery and atrial 

fibrillation on rivaroxaban, presented to the emergency 

department with a complaint of focal pain to his right 

abdomen along with areas of visible bruising. He noted 

that since his diagnosis of COVID-19 a week prior, he 

had been having paroxysms of coughing. During one 

episode of coughing a few days prior to seeking medical 

care, the patient recalled a “ripping” sensation in his right 

abdomen followed by intermittent achiness and bruising 

to that area. The patient reported that his pain worsened 

with certain movements and coughing but he could 

tolerate food and liquids without any issues. Although his 

ecchymosis was scattered across his abdomen on exam, 

he elicited focal tenderness in his right upper quadrant 

(Figure 1). The assessing medical provider placed an 

ultrasound probe directly over the area of pain which 

revealed a hypoechoic, ovoid hematoma adjacent to the 

rectus sheath (Figure 2). As the patient was taking 

rivaroxaban, a CT was obtained to rule out active 

extravasation. CT confirmed the finding of rectus sheath 

hematoma without acute bleeding (Figure 3). A complete 

blood count revealed a normal hemoglobin. Liver function 

tests, lipase, lactic acid and basic metabolic panel were 

also within normal limits. The patient was subsequently 

discharged home with instructions to apply intermittent 

ice to his abdomen, hold his rivaroxaban for two days, 

and follow up with his primary care physician in three 

days. 

Discussion 

Although abdominal pain is a common presenting 

complaint for emergency department visits, rectus sheath 

hematoma (RSH) is an uncommon etiology, and in some 

reports may account for as little as 2% of diagnoses [1]. 

Historically, RSH was thought to arise due to abdominal 

trauma or spontaneously with anticoagulant use but more 

Abstract  

We present a case of a 59-year-old man who arrived to the emergency department with abdominal pain and bruising 

after coughing. Point of care ultrasound (POCUS) was used to make the diagnosis of rectus sheath hematoma (RSH). 

This diagnosis was made within minutes of arrival to the ED and subsequently confirmed on computed tomography 
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recently coughing has been identified as a risk factor. In 

a study by Cherry and Mueller, of 126 patients with an 

identified RSH, 37 (29%) had history of an acute 

coughing spell. Other common presenting features of 

RSH may include nausea, vomiting, palpable mass, or 

visible bruising on the abdomen [2]. In terms of 

diagnosis, CT imaging is reported to reach a sensitivity 

and specificity of 100% and the sensitivity of ultrasound 

for identifying RSH can reach 90% [1]. Ultrasound may 

be somewhat limited in its use to assess for continued 

bleeding. If there is concern for acute hemorrhage, the 

clinician may perform serial sonographs to observe the 

characteristics of the lesion – with an enlarging 

hematoma being suggestive of active extravasation. This 

could take time to appear in a stable patient with slow 

active bleeding but ultrasound may be the diagnostic 

modality of choice in an unstable patient. Ultimately, if 

the patient possesses high risk features such as 

pregnancy, elderly age, or anticoagulant use, the 

clinician should elect for CT imaging and additional 

workup such as coagulation studies, serial hemoglobin 

levels, and possible admission for abdominal 

compartment checks [3]. However, the vast majority of 

RSH are self-limiting so it may be an appropriate option 

to forgo CT imaging in which an RSH is identified on 

ultrasound as long as the patient is deemed low risk for 

worsening bleeding and is able to follow up promptly. 

Conservative treatment includes measures such as rest, 

intermittent icing, analgesics, and compression of 

hematoma. Rarely is anticoagulation reversal or blood 

transfusion necessary. In patients with acute anemia, 

hemodynamic instability, severe peritonitis or abdominal 

compartment syndrome, admission and aggressive 

treatment such as celiotomy or arterial embolization may 

be advised [4, 5]. 

Conclusion 

Although not a common etiology of abdominal pain in the 

emergency department, rectus sheath hematoma is an 

important consideration in the differential diagnosis and 

may be rapidly identified by POCUS. This approach 

might expedite stabilization and treatment of an unstable 

patient and may also avoid the cost, radiation and time 

associated with CT imaging altogether in stable patients 

with rectus sheath hematoma. 
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Case 

A 63-year-old woman with a past medical history of 

Human Immunodeficiency Virus, asthma, and previously 

treated Hodgkin’s lymphoma presented to the emergency 

department with 3 weeks of worsening shortness of 

breath. On initial assessment in the emergency 

department, the patient was hemodynamically unstable 

with a heart rate of 140 beats per minute (bpm) and a 

blood pressure of 88/68 mm Hg. Bedside point of care 

ultrasound (POCUS) was performed and demonstrated a 

moderate circumferential pericardial effusion with normal 

left ventricular function and a  collapsible inferior vena-

cava (IVC). Intravenous fluids were initiated with 

resolution of the patient’s hemodynamic instability (Video 

S1). A computer tomography (CT) of the chest was also 

obtained in the emergency department which showed 

extensive mediastinal lymphadenopathy with right middle 

lobe consolidation. The patient was admitted for 

evaluation of the pericardial effusion and CT findings.  

Forty-eight hours after admission, the patient reported 

persistent midsternal chest pain and shortness of breath 

with a blood pressure of 110/60 mm Hg, heart rate of 127 

bpm, and an oxygen saturation of 100% on 2-liters nasal 

cannula. Repeat troponin I was elevated at 1.02ng/ml (ref 

- <0.03 ng/ml). POCUS was performed which revealed 

mid-to apical left ventricular (LV) akinesis and an interval 

reduction of LV function along with right atrial systolic 

collapse, right ventricular diastolic collapse and a 

plethoric IVC (Video S2). Limited transthoracic 

echocardiogram done by the echocardiography lab 

shortly after confirmed the findings. These findings were 

concerning for Takotsubo/stress induced cardiomyopathy 

in the setting of tamponade physiology.  

The patient underwent a pericardiocentesis with removal 

of 240 mL of fluid with improvement of tachycardia and 

dyspnea. Formal echocardiography 48 hours after the 

procedure showed minimal residual effusion with 

improvement of LV function, which returned to normal 

within a week (Video S3).  Cytology of the pericardial fluid 

showed inflammatory and mesothelial cells with no 

evidence of malignant cells. However, subsequent lymph 

node biopsy revealed recurrence of Hodgkin lymphoma 

to which her pericardial effusion was attributed.  

Discussion 

Cardiac tamponade is a pericardial syndrome 

characterized by impairment of diastolic filling of the 

ventricles causing reduction of cardiac output.  The 

classically advanced signs of tamponade described as 

hypotension, distension of jugular veins, and diminished 

heart sounds (Becks Triad) are present in a minority of 

patients. The most common initial presenting symptoms 

Abstract  

Serial point of care ultrasound (POCUS) exams are essential to assess acute pericardial effusions which can rapidly 

evolve into cardiac tamponade.  A typical presentation includes dyspnea, tachycardia, and chest pain. Importantly, 

serial cardiac exams in such high-risk patients can detect other concurrent pathologies. We present an unusual case 

of a patient who initially presented with an acute circumferential pericardial effusion and upon serial POCUS exams 
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are dyspnea and tachycardia, which may be present in 

the absence of hypotension [1].    

Echocardiographic evaluation of tamponade includes:  

i) Quantity and quality of pericardial fluid  

ii) Systolic right atrial collapse  

iii) Diastolic right ventricular size and variability with the 

respiratory cycle  

iv) Interventricular septal shift of the left ventricle during 

inspiration  

v) Collapsibility of IVC [2,3].   

Diastolic right ventricular collapse is specific for 

tamponade while IVC plethora is highly sensitive.  

Systolic right atrial collapse is often the earliest sign of 

tamponade. Comprehensive or advanced critical care 

echocardiography can be used to detect exaggerated 

respiratory cycle changes in mitral and tricuspid valve in-

flow velocities as a surrogate for pulsus paradoxus [2]. 

Ideally electrocardiographic gating is used to delineate 

systole and diastole but this not often routine with 

POCUS.  

In this patient the initial POCUS exam revealed a 

moderate sized pericardial effusion with a fully collapsible 

IVC making tamponade physiology less likely.  When the 

patient developed new onset chest pain and shortness of 

breath this raised the concern for worsening tamponade.  

A repeat ultrasound revealed an unexpected finding of 

stress induced cardiomyopathy which can potentially be 

attributable to progressive tamponade development. 

Potentially the tamponade was further exacerbated by 

left ventricular dysfunction. In dog models right atrial and 

ventricular collapse occurred with significantly smaller 

volumes of pericardial fluid in the setting of induced left 

ventricular dysfunction [4]. This could certainly lead to a 

vicious cycle of LV systolic dysfunction and worsening 

tamponade physiology leading to acute decompensation.    

Takotsubo-associated myocardial dysfunction is 

irrespective of vascular territories, and commonly 

presents as transient mid to apical akinesia, hypokinesia, 

or dyskinesia in the absence of obstructive coronary 

disease. Other findings include circumferential apical 

dilatation (apical ballooning), basal hyperkinesia and a 

severely reduced left ventricular function [5]. Treatment 

of Takotsubo cardiomyopathy is mainly supportive, 

however complications that arise such as Left Ventricular 

outflow tract obstruction (LVOT) (20%), cardiogenic 

shock (12.4%), thrombus formation (8%) all will have 

differing managements [6,7]. Drainage of the pericardial 

effusion improved the patient’s hemodynamic status and 

led to the resolution of the cardiomyopathy, favouring a  

diagnosis of Takotsubo cardiomyopathy. Ideally, a true 

diagnosis of Takotsubo requires cardiac catheterization 

as the patient’s troponin plateaued at 1ng/ml cardiac 

catheterization was not pursued at the time by the 

inpatient cardiology service [8].   

Conclusion 

This case highlights the importance of serial cardiac 

POCUS examinations in the evaluation of pericardial 

effusion. Additionally, it highlights the importance of 

recognizing an acute concurrent cardiac pathology that 

can quickly lead to a vicious cycle of cardiac dysfunction 

leading to decompensation.  
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Introduction 

Point of care ultrasound (POCUS) has evolved into an 

invaluable tool for numerous healthcare professionals, 

spanning from the emergency department (ED) to the 

internal medicine ward [1]. Obstetric POCUS has proven 

beneficial in the ED by offering real-time visualization and 

diagnostic information at the bedside [2]. POCUS has 

significant enhanced obstetric care, particularly in 

resource-limited, remote, and austere environments [3, 

4]. While its utility in various obstetric conditions has been 

well-documented, there remains a scarcity of published 

articles specifically addressing the diagnosis and 

management of multiple gestations using POCUS.  

Clinical Case 

A 36-year-old Ghanaian female presented to our tertiary 

academic hospital's emergency department with a chief 

complaint of vaginal bleeding. She disclosed having 

undergone in vitro fertilization (IVF) one-month prior in 

Ghana due to a 6-year history of infertility.  

 

At triage, her vital signs were temperature of 36.9 °C, 

heart rate of 83 bpm, blood pressure of 122/84 mmHg, 

respiratory rate of 18 bpm and SpO2 of 99%. Physical 

examination revealed a non-tender abdomen and a 

closed cervical os with no active bleeding.  

In order to further evaluate the patient's condition, an 

obstetric POCUS examination was performed using a 3-

5MHz curvilinear transducer. The POCUS examination 

identified the presence of four distinct live intrauterine 

gestations, each displaying a fetal pole and cardiac 

activity (Figures 1 to 6 and supplemental Video S1). 

A serum beta human chorionic gonadotropin level 

subsequently drawn revealed a value of 377, 520 IU/L 

(<5 UI). A comprehensive obstetric ultrasound was 

further requested and confirmed the four viable 

intrauterine gestations, with estimated gestational ages 

ranging from 8 weeks 0 days to 8 weeks 2 days. There 

was no evidence of heterotopic ectopic pregnancy.  

Case File  

Abstract  

Managing multiple pregnancies is challenging and requires careful evaluation. Point of care ultrasound (POCUS) has 

emerged as a potentially crucial tool in assessing suspected first-trimester pregnancies. However, its role in evaluating 

multiple pregnancies remains uncertain. We present the case of a 36-year-old Ghanaian female who presented with 

acute vaginal bleeding after undergoing in vitro fertilization. A bedside transabdominal POCUS identified four 

intrauterine gestations with fetal poles and cardiac activity, suggesting a quadruplet viable pregnancy. A subsequent 

transvaginal ultrasound confirmed the findings. The patient was discharged with a follow-up appointment with an 

Obstetrician-Gynecologist. This case highlights the significance of POCUS in early pregnancy diagnosis, facilitating 

accurate identification and appropriate referral for further management. It also demonstrates the utility of POCUS in 

determining gestational age and viability. To our knowledge, no published case reports specifically address the 

diagnosis of a quadruplet pregnancy, emphasizing the role of POCUS in optimizing care for high-risk multiple 

pregnancies. 
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Following the diagnosis, the patient was discharged from 

the emergency department with an urgent appointment 

booked with the on-call Obstetrician-Gynecologist for 

further management and follow-up. Due to the POCUS 

and comprehensive ultrasound exams identifying multiple 

gestations, we were able to provide the patient urgent 

follow up for her high-risk pregnancy. Typically, first 

trimester patients with vaginal bleeding at our center are 

referred to our Early Pregnancy Assessment Unit 

(EPAU), which does not always necessitate a call to the 

on-call Obstetrician-Gynecologist.  

Additionally, we hereby declare that the referred patient 

provided us with her verbal consent and had the 

opportunity to review this manuscript. 

Figure 1. Bladder uterine juxtaposition.  

Figure 2. Four gestational sacs.  

Figure 3. Left inferior fetal pole. 

Figure 4. Right and left superior fetal poles. 

Figure 5.Right inferior fetal pole.  

Figure 6. Myometrial Mantle Thickness. 
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Discussion 

Multiple pregnancies including quadruplet pregnancies 

are rare and associated with increased risks of adverse 

maternal and neonatal outcomes [5]. Multiple 

pregnancies following assisted reproductive technology 

are associated with similar if not higher risks such as 

ectopic or heterotopic pregnancy and ovarian 

hyperstimulation syndrome [6]. The accurate 

identification of multiple gestations such as quadruplet 

pregnancies through POCUS enables healthcare 

providers to initiate timely and appropriate prenatal care, 

including close monitoring and management of potential 

complications [2-4]. 

Our case file highlights the utility of POCUS in providing 

crucial information regarding gestational age and viability 

in a patient presenting with first-trimester vaginal 

bleeding. Prior to our examination, the patient was 

unaware that she was pregnant. Furthermore, POCUS 

facilitated early diagnosis and referral for high-risk 

prenatal care. Early initiation of prenatal care has been 

associated with positive outcomes, including reduced 

neonatal and infant mortality rates and decreased 

incidence of low birth weight [7].  

It is important to acknowledge the limitations of 

transabdominal obstetric POCUS. Firstly, it should be 

noted that transabdominal POCUS cannot definitively 

rule out ectopic pregnancy. A recent systematic review 

encompassing both transabdominal and/or transvaginal 

POCUS examinations performed by emergency 

physicians reported a sensitivity of only 90% [8]. 

Secondly, transabdominal ultrasound demonstrates 

lower diagnostic accuracy compared to transvaginal 

ultrasound, particularly in cases of ectopic tubal 

pregnancy [9-11]. Third, it typically can only confirm the 

diagnosis of intrauterine gestation after the 6-8
th
 week of 

pregnancy, particularly when the fetal heart rate 

becomes detectable around the 8
th
 week [12]. As a 

result, providers should not solely rely on POCUS as a 

substitute for comprehensive obstetric ultrasound 

examinations. 

To our knowledge, this is the first case report to identify 

four live intrauterine gestations using obstetric POCUS. 

Utilizing POCUS in patients with high-risk multiple 

pregnancies who have undergone assisted reproduction 

can aid in the assessment and management of potential 

complications.  

In this case, POCUS correctly identified multiple viable 

live intrauterine gestations and helped facilitate 

appropriate prenatal care and follow-up.  
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Presentation 

A 67-year-old female patient with a past medical history 

of hypertension presented to the emergency department 

(ED) with abdominal pain. She reported intermittent 

palpitations for the past three months, fevers for one 

week, and a recent admission three days prior for a 

pleural effusion and atrial fibrillation. Her pleural effusion 

was drained; cytology was negative for malignancy. She 

was not discharged on rate or rhythm controlling agents, 

nor was she anticoagulated. She was given urgent 

outpatient follow up but returned to the ED sooner than 

her appointment due to worsening symptoms.- 

In her second ED visit, she complained of upper 

abdominal pain along with palpitations and weakness. 

Her physical exam was normal, with her abdomen soft 

and nontender. She was found to have a leukocytosis of 

23.7 x 10
3
/µL, a normal creatinine of 0.8 mg/dL, a rising 

lactic acid from 1.5 mmol/L to 2.7 mmol/L. A computed 

tomography (CT) of the abdomen and pelvis with 

intravenous contrast revealed concern for a proximal 

aortic thrombus and an acute renal infarction (Figure 1). 

The patient was placed on a heparin infusion and surgical 

consultation was obtained. At this time, point of care 

ultrasound (POCUS) was performed to further assess 

and characterize the potential thrombus. A mobile, 

hyperechoic thrombus was located within the aorta at the 

level of the celiac trunk that moved both proximally and 

distally with aortic pulsations (Figure 2, Video S1, Video 

S2). The aorta was not noted to be aneurysmal, nor was 

a dissection identified on either CT or POCUS.  

After discussion with the ED and vascular surgical team, 

the patient was deemed to be a high risk for mesenteric 

ischemia due to thrombus mobility, location, and the 

presence of a renal infarct. Conservative management 

was favored due to the patient’s recent fevers and 

leukocytosis. The patient was admitted to the medical 

step-down unit with repeat imaging planned in 48 hours 

with close monitoring to ensure no further signs of 

thrombus progression. She had a formal transthoracic 

echocardiogram performed which did not reveal any 

cardiac abnormalities or shunt. The patient remained on 

anticoagulation, and she was discharged home after an 

uneventful seven-day hospital stay with outpatient follow-

up. Workups for both hypercoagulability and malignancy 

were unrevealing. There was concern the aortic thrombus 

was related to her new-onset atrial fibrillation, but no 

definitive cause was established. 

Discussion 

Previous literature suggests multiple potential causes of 

aortic thrombi, including intrinsic aortic pathology such as 
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Abstract 

A 67-year-old female patient presented with abdominal pain with a recent diagnosis of paroxysmal atrial fibrillation. 

Computed tomography (CT) of the abdomen demonstrated a filling defect concerning for an aortic thrombus. Point of 

care ultrasound (POCUS) confirmed a mobile thrombus in the proximal abdominal aorta in close proximity to several 

major arterial branches, leading to urgent surgical consultation due to a concern for mesenteric and end-organ 

ischemia. POCUS played a role in determining patient management in this novel case, and the patient was 

anticoagulated and ultimately discharged from the hospital.  
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dissection or abdominal aortic aneurysm (AAA), or 

extrinsic causes such as hypercoagulability [1-5]. Both 

the aortic thrombus and associated intrinsic aortic 

pathology can be visualized with POCUS. When an 

aortic thrombus is associated with a dissection, the 

echogenic thrombus is seen with a visible flap on 

POCUS that is thinner and attached to the wall of the 

aorta [2]. An associated thrombus with an AAA (when the 

aorta is ≥ 3 cm in diameter) is seen in a false lumen 

surrounding the true lumen of the aorta [6]. While an 

aortic thrombus in the descending aorta can be easily 

visualized with abdominal POCUS, an aortic arch 

thrombus can only be visualized with a suprasternal 

cardiac POCUS view, which can be difficult to obtain [7]. 

A thrombus from atrial fibrillation is typically smaller than 

from other causes, as it typically breaks off from a larger 

left atrial thrombus, and can travel distally causing solid 

organ damage, mesenteric ischemia, or limb ischemia [8, 

9]. This is the primary reason patients with atrial 

fibrillation are considered for anticoagulation. We could 

not find any prior reports of POCUS assessment of an 

aortic thrombus in the proximal abdominal aorta, as other 

reports detail use of CT and cardiology-performed 

echocardiogram [3, 10-12]. 

We suspect that this patient was in paroxysmal atrial 

fibrillation during the three months she reported 

palpitations, which may have been the cause of her 

aortic thrombus. She had a calculated CHA2DS2-VASc 

Figure 2. Abdominal aortic thrombus 

(yellow arrow) at the level of the celiac 

trunk (white arrow). 

Figure 1. Computed tomography image 

showing an abdominal aortic thrombus 

(yellow arrow). 
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score of 3 for age, sex, and hypertension, making her a 

moderate-high risk with a recommendation favoring 

anticoagulation [13]. Without anticoagulation, she was at 

high risk for both development and propagation of 

thrombus. While atrial fibrillation offers a potential 

etiology, especially since no alternate etiology was found,  

this is an unusual cause of proximal aortic thrombus as 

thrombi from atrial fibrillation often travel more distally 

due to its size and the aorta’s high velocity flow [5]. 

The initial treatment for acute abdominal aortic thrombus 

is therapeutic anticoagulation with operative intervention 

considered on a case-by-case basis [4, 11, 14-17]. The 

selection of therapy must balance the benefit of 

preventing further embolic complications against the risk 

of iatrogenic thrombus propagation. Mobile thrombi that 

are in proximity to solid organs or vascular branches of 

the aorta, particularly those that are persistent through 

anticoagulation, often require endovascular or open 

intervention. POCUS can play a large role in decision 

making after diagnosis, providing real-time information on 

thrombus mobility and treatment efficacy during 

hospitalization, and may decrease the number of repeat 

CT scans needed to assess for thrombus resolution, 

saving the patient radiation, time, and contrast loads. 

This novel use of aortic POCUS is not meant to replace 

the use of CT, but it can augment patient care during 

admission as an adjunctive imaging technique with serial 

POCUS exams to provide additional information about 

the thrombus. In our case, the mobility of the thrombus 

as well as its location close to several major aortic 

vascular branches were key pieces of information 

ascertained by POCUS that were major factors in our 

patient’s care.  

Conclusion 

The use of POCUS during this case was important to 

further characterize the dynamic movement of the 

thrombus that was not captured on CT scan. Although 

the information gained from POCUS was utilized for 

initial decision making, the patient was ultimately 

discharged on anticoagulation without intervention, with 

atrial fibrillation as a potential cause of her aortic 

thrombus given a lack of other identifiable etiology.  
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Introduction 

Renal artery stenosis of the kidney allograft is an 

infrequent finding, as is mechanical kinking of the artery. 

The right renal artery's greater length in comparison to 

the vein, limited space within the iliac fossa, and post-

operative shifting in graft components all increase the 

likelihood of kinking. Renal artery stenosis and kinking 

can either coexist or kinking can result in stenosis. 

Nevertheless, since both these abnormalities can be 

corrected with timely treatment, early diagnosis is crucial 

to prevent permanent to the renal allograft. 

Nephrologist-performed point of care ultrasound 

(POCUS) can be used to diagnose renal artery 

dysfunction in the allograft and expedite appropriate next 

steps in management. Doppler ultrasound mapping of the 

renal transplant is an effective, inexpensive, and 

reproducible test that provides relevant information in 

such scenario. We present a case in which POCUS 

evaluation of a renal transplant promptly identified renal 

artery stenosis (RAS) and led to the diagnosis of renal 

artery kinking. 

Case Report 

A 61-year-old woman with end-stage kidney disease due 

to autosomal dominant polycystic kidney disease 

(ADPKD) started hemodialysis in December 2018 

through a brachio-cephalic arteriovenous fistula. Her past 

medical history included hypertension and dyslipidemia. 

Eight months later, she had an expanded criteria 

deceased donor kidney transplant implanted in her right 

iliac fossa with one renal vein anastomosed end-to-side 

with the external iliac vein, and the renal artery 

anastomosed end-to-side with the external iliac artery. 

She had low immunological risk with 0% panel reactive 

antibodies and her immunosuppressive therapy included 

induction with basiliximab and triple therapy (tacrolimus, 

everolimus and steroids). A protocol ultrasound Doppler 

mapping of the kidney graft was done 24 hours post 

biopsy by an interventional nephrologist as per our center 

protocol, showing a normal sized graft with good general 

perfusion, no collections or hydronephrosis and normal 

intrarenal spectral Doppler registries. Serum creatinine 

started improving on day 6 post-transplant but halted two 

weeks post-operatively. Blood pressure was within 

acceptable levels and similar to her usual values at home 

(100-130/65-72 mmHg), there were no electrolyte 

abnormalities and cytomegalovirus viral load was 

undetectable. Prerenal causes were ruled out and her 

tacrolimus level was within goal range (7-9 ng/ml), so a 

kidney transplant ultrasound was performed by another 

interventional nephrologist, showing high velocities within 
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the graft renal artery near the iliac artery anastomosis 

with aliasing (confetti-like pattern) suggesting turbulent 

flow, increasing in the vicinity of a kinking image near the 

renal hilum (Figure 1,2,3) even when pulse repetition 

frequency (PRF) was adjusted for high velocities (> 95.9 

cm/s). The sample volume (approximately 2 mm) was 

placed inside the renal artery and measurements were 

taken at the anastomosis, along the artery and at the 

hilum, with an angle of insonation between 30 to 60º to 

minimize alterations of flow velocities and waveform 

blunting. These findings were not present on POCUS 

examination performed on postoperative day 1. 

A computerized tomography (CT) angiogram was 

performed, confirming RAS at the anastomosis, and 

kinking of the graft renal artery (Figure 4).  High velocities 

were also observed within the iliac artery before the 

anastomosis. This CT angiogram allowed radiologists to 

measure the diameter of the stenotic area and decide on 

balloon size, as well as assessing feasibility of stenting, 

which was deemed not suitable due to high risk of 

thrombosis. 

After a careful multidisciplinary evaluation, a sequential 

approach was devised: endovascular angioplasty of the 

stenotic area without stenting (due to high thrombotic risk 

Figure 1. POCUS pulsed wave Doppler 

with aliasing at anastomosis level 

showing turbulent flow even when 

adjusted for high pulse repetition 

frequency to reduce noise.  

Figure 2. High velocities >200 cm/s at 

kidney transplant artery kinking. Also, 

aliasing at anastomosis level.  
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secondary to associated kinking) was performed, but 

unsuccessful. Doppler parameters suggestive of RAS 

persisted (peak systolic velocity 284.3 cm/s at 46º 

insonation angle) with deteriorated renal function, and 

open surgery vascular reconstruction was carried out a 

week after angioplasty: shortening of the renal artery with 

reimplantation to iliac artery was performed. Within a 

week, there was a graft function improvement and 

hemodynamic parameters on the follow up POCUS were 

within normal range. 

Discussion 

Transplantation is the best renal replacement therapy 

nephrologists can offer, providing better survival and 

quality of life, generally. Improving kidney transplant 

outcomes remains a primary challenge from both medical 

and surgical point of view. RAS refers to a narrowing 

within the renal artery, where the lumen must exhibit a 

minimum reduction of 50% to hold hemodynamic 

significance. Renal artery Doppler US is usually the first 

line imaging test and universally accepted criteria for 

RAS diagnosis is a peak systolic velocity of >180 cm/s at 

the level of stenosis [1]. RAS of the kidney graft is a 

correctable cause of hypertension and graft dysfunction 

in kidney transplant recipients. Its incidence is widely 

variable, ranging from 1 to 23% [2], and several risk 

factors may contribute to its development, like extended 

criteria donors, surgical technique, atheroma, and 

immunological vascular damage. Kinking of the graft 

artery is rare in association with stenosis, worsening 

prognosis as kinking renders angioplasty less effective. 

As mentioned, kinking of the transplant renal artery is 

usually related to graft malposition, lack of space in the 

iliac fossa and a longer graft artery with shorter vein, and 

its incidence is very low with few cases reported [3-6]. 

Mapping of the renal transplant using POCUS is an 

inexpensive and reproducible test that provides relevant 

information [7]. At our tertiary center, our Unit has a 

transplant ultrasound protocol where all patients have an 

examination with both two-dimensional and Doppler 

POCUS on day one post operatively, then every 48 

hours until discharge and whenever the treating 

physician deems necessary. A formal report is 

generated, validated and images are archived for every 

scan. 

Figure 4. CT scan reconstruction showing both kidney 

transplant artery stenosis (red arrow) and kinking (blue 

arrow). 

Figure 3. High velocities also in the iliac 

artery pre anastomosis.  
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We have a specialized Diagnostic and Interventional 

Nephrology (DIN) Unit which has been operating since 

1991, with all medical staff trained in Doppler 

ultrasonography of both native (NK) and transplanted 

kidneys (KT). Starting in 1991, renal biopsies and 2D 

renal ultrasound examinations were performed by 

nephrologists on both NK and KT cases with an average 

of 2200 ultrasound scans, 500 Doppler studies and 100–

120 biopsies per year with a daily scheduled list [8-10]. 

All our Nephrology specialist registrars spend at least 6 

dedicated months during the 4-year training period in the 

DIN Unit, excluding on call procedures. 

Since 2008 our Section has accommodated 

approximately 20 external Nephrology specialist 

registrars each year from national hospitals. Additionally, 

we have been providing educational workshops at a 

national scale since 2013, focusing on kidney ultrasound, 

arteriovenous fistula mapping and Doppler assessment. 

A structured POCUS examination should be performed in 

all kidney transplant patients. Complete pulsed wave 

Doppler mapping of the graft’s renal arteries is essential 

to diagnose possible alterations, as more than one issue 

can arise. Kinking is rare and should be kept in mind 

[11,12], even if a stenosis is seen, like in this case, the 

pathology leading to hemodynamic changes could be 

other than RAS, change prognosis and management. In 

our case, we believe the lack of abdominal space due to 

ADPKD could have played a role in the renal artery 

kinking.  

Conclusion 

In conclusion, we believe a protocolized Doppler 

ultrasound mapping of the transplanted kidney is 

essential when graft dysfunction is observed. This case 

illustrates the importance of POCUS for nephrologists: 

early diagnosis is the key, and nephrologists with proper 

training in POCUS can promptly perform this 

examination. 
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Introduction 

Ascites, or the pathologic accumulation of fluid within the 

abdominal cavity, can be the result of multiple processes. 

Cirrhosis is the most common etiology in the United 

States; left untreated, it portends a 60% risk of 

developing ascites within the first ten years of 

diagnosis [1]. Accumulation of ascites often necessitates 

fluid removal with paracentesis – a procedure of 

percutaneously inserting a catheter or hollow needle 

through the abdominal wall into the peritoneal space – for 

symptom relief and/or laboratory analysis. Medicare data 

demonstrate that from 1993 to 2008 the number of 

paracenteses performed in the United States have more 

than doubled from 64,371 to 149,699 [2]. Concomitantly, 

data from 2004 to 2012 demonstrate a 10% increase in 

the number of paracentesis procedures performed in the 

inpatient setting [3]. 

Paracentesis is a generally well-tolerated procedure. 

Adverse events are estimated at 1% and include 

infection, post-procedural leakage of ascitic fluid, 

abdominal wall hematoma, bowel perforation, and 

intraperitoneal hemorrhage [1, 4-14]. There are additional 

intraprocedural concerns such as the aspiration of 

intestinal wall or omentum into the centesis catheter, or 

the placement of the catheter tip within the abdominal soft 

tissue. Though the frequency of these latter complications 

are not well described, they may result in unsuccessful 

paracentesis through disruption of ascites drainage [15]. 

Pre-procedural point of care ultrasound (POCUS) is 

known to minimize the risks of paracentesis by identifying 

a safe procedural site, and is widely acknowledged as the 

standard of care [4, 6, 10-14, 16]. However, there is a 

paucity of literature which considers the role of 

intraprocedural POCUS in troubleshooting poor or 

interrupted ascitic drainage. Here, we present two cases 

of failed peritoneal drainage and the techniques utilized 

to restore flow through the catheter. We analyze our 

experience and posit how direct visualization by POCUS 

may improve the success of paracentesis drainage. 

Case 1 

A 23-year-old man with metastatic cancer of unknown 

origin complicated by ascites requiring repeated 

intraperitoneal drainage presented to the hospital with 

abdominal pain, distension, and early satiety. Our 

inpatient procedure service was consulted for therapeutic 

paracentesis. POCUS was used to identify a safe pocket 

in the right lower quadrant, approximately 10 cm in depth 

(Figure 1a). Ultrasound-assisted paracentesis was 

performed according to standard protocol adopted by our 

local institution. Eight-hundred milliliters of amber-colored 

fluid collected into an evacuated container before 

drainage abruptly ceased. The operators attempted to 

restore flow through the intraperitoneal catheter by 

discontinuing vacuum suction (i.e., closing the three-way 

stopcock on the tubing system), rotating the catheter by 

180° in clockwise and counterclockwise directions, and 
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Figure 1. 23-year-old man with metastatic 

cancer of unknown origin complicated 

by ascites. A) Pre-procedure POCUS exam 

demonstrating a large pocket of ascites in the 

right lower quadrant of the patient described 

in Case 1. [Asterisk = liver] B) Intraprocedural 

POCUS demonstrating paracentesis catheter 

attached to omentum/bowel. Note that the 

ultrasound probe was inadvertently flipped in 

this image. [Arrow = catheter; asterisk = liver]  

Figure 2. 68-year-old woman with 

decompensated alcoholic cirrhosis. A) Pre-

procedural POCUS exam demonstrating 

large volume ascites in the left lower 

quadrant of the patient described in Case 2. 

B) Intraprocedural POCUS exam 

demonstrating attachment of omentum/bowel 

to the paracentesis catheter. [Arrow = 

catheter] 
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attempting manual aspiration via one-way syringe. These 

techniques resulted in minimal drainage (<20 mL). The 

aforementioned steps were repeated with gentle 

retraction of the catheter in one-centimeter increments 

without success. At this juncture, POCUS was employed 

under sterile conditions and demonstrated persistent 

ascites and attachment of bowel to the paracentesis 

catheter (Figure 1b). 

Case 2 

A 68-year-old woman with decompensated alcoholic 

cirrhosis presented to the hospital with altered mental 

status and acute kidney injury in the setting of medication 

noncompliance. She was determined to have hepatic 

encephalopathy and poor renal perfusion secondary to 

abdominal compartment syndrome. Our inpatient 

procedure service was consulted to perform a large-

volume paracentesis. Following standard protocol, 

ultrasound-assisted paracentesis was performed in the 

left lower quadrant after identifying free-flowing ascites 

approximately 10 cm in depth (Figure 2a). After initial 

drainage of 1.1 L of clear, yellow fluid into evacuated 

containers, flow through the paracentesis catheter 

abruptly terminated. Given ongoing physical exam 

findings of a tense, distended abdomen, and pre-

procedural insonation of significant peritoneal fluid, 

obstruction of flow through the catheter was suspected. 

POCUS performed with sterile technique demonstrated 

attachment of bowel with retraction of the catheter 

(Figure 2b; Supplemental Video S1). 

Discussion 

In both cases, a common technical challenge 

was encountered: interruption of ascites drainage by 

bowel/omentum. Here, we discuss how intraprocedural 

POCUS examination was relevant to our attempts to 

restore flow through the centesis catheter. Our intention 

is to provide proceduralists of all skill levels a practical 

approach to this commonly encountered problem. We 

begin with a summary of the literature available on tactics 

to address disrupted catheter flow, and ultimately offer a 

troubleshooting algorithm for proceduralists. 

While numerous sources describe the paracentesis 

technique and the use of ultrasound to decrease the risk 

of adverse events, formal literature on procedural 

troubleshooting is scant. The most systematic approach 

to changes in flow through the intraperitoneal catheter 

was found in a procedure manual developed by the 

Canadian Internal Medicine Ultrasound (CIMUS) 

group [17]. Recommended troubleshooting techniques 

included inspection of the procedure set-up for leaks or 

loss of vacuum, adjustment of the catheter to address 

flow obstruction, and adjustment of the patient’s position 

to address changes in ascites volume with drainage. All 

of the sources we identified provided recommendations 

to address obstructed flow through a catheter, which is 

suggestive of the relative frequency of this complication. 

The use of POCUS to assess the procedure area, 

untwisting the catheter, and flushing the catheter with 

sterile saline were all proposed as techniques to issues 

with catheter flow [18, 19]. (A complete list of references 

and recommendations can be found in Table 1.)  

We compared these techniques with our experience. In 

Case 1, after troubleshooting techniques were employed, 

the problem was verified by direct visualization using 

ultrasound (Supplemental Video S2). Sterile saline was 

flushed incrementally in an attempt to release the bowel 

from the catheter and visualized entering the peritoneal 

space. The bowel, however, remained attached. The 

procedure was terminated by withdrawing the catheter 

while applying gentle pressure at the insertion site. The 

REFERENCE RECOMMENDED TECHNIQUE 

Verify procedure setup 

Desy et al., 2021 [17] Check for leaks or loss of 
vacuum in the procedure set up 

Confirm ongoing ascites 

Wheeler, 2019 [18] Percuss abdomen  

Wheeler, 2019 [18] 

Killu et al., 2017 [20] 

Assess the procedure area with 
ultrasound 

Adjust for poor drainage 

Desy et al., 2021 [17] 

Killu et al., 2017 [20] 

Glauser et al., 2008 [21] 

Reposition the patient (e.g., 
rotate patient, elevate head of 
bed, etc.) 

Adjust for obstructed catheter 

Desy et al., 2021 [17] 

Wheeler, 2019 [18] 

Glauser et al., 2008 [21] 

Manipulate catheter (e.g., re-
angulate, rotate, and/or retract) 

Jeong et al., 2015 [19] 

Killu et al., 2017 [20] 

Glauser et al., 2008 [21] 

Release suction at the catheter 
tip (e.g., close and reopen 
stopcock) 

Wheeler, 2019 [18] 

Jeong et al., 2015 [20] 

Flush catheter 

Table 1. Troubleshooting techniques. Table 
summarizing real-time procedural adjustments in the 
setting of failed peritoneal drainage. 
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patient did not report any discomfort. On repeat 

insonation, the omentum and bowel were visualized as 

free-floating. Paracentesis was performed from a 

different site, and 3 L of amber-colored peritoneal fluid 

was successfully removed without complication. 

In Case 2, troubleshooting techniques were attempted 

after confirmation of obstructed catheter flow. Flow was 

initially restored by first closing the three-way stopcock 

towards the patient to release any suction, and then 

gently rotating the catheter 180° clockwise and 

counterclockwise to free the bowel from the catheter side 

port. Approximately 150 mL of ascitic fluid was drained 

before flow was again obstructed. The aforementioned 

steps were repeated and the procedure was resumed 

utilizing a 60 mL syringe for manual aspiration. Another 

100 mL of fluid was aspirated before flow was again 

disrupted by the bowel. A saline flush was then attached 

to the three-way stopcock, and the device opened toward 

the patient. After rapid and repeated infusion of 10 mL 

saline (Supplemental Video S3), an additional 1 L of 

ascitic fluid was removed before flow abruptly terminated. 

Given repeated obstruction and persistent large volume 

ascites, the procedure was discontinued. Paracentesis 

was reattempted in the right lower quadrant with removal 

of 2.3 L of clear, yellow fluid. The patient tolerated both 

procedures well and did not experience any 

complications. 

Though intraprocedural POCUS was employed in both 

cases, the timing of its use differed. Whereas ultrasound 

was introduced at the outset in Case 2, ultrasound was 

utilized after several troubleshooting techniques were 

first attempted in Case 1. We speculate that the earlier 

use of intraprocedural POCUS contributed to the total 

amount of ascites successfully aspirated in Case 2.  

POCUS has the potential to rapidly elucidate the etiology 

of disrupted flow by confirming the presence of ongoing 

ascites and visualizing catheter position. The techniques 

used to restore flow through the catheter can be 

monitored and adjusted prior to reattempting aspiration. 

Premature aspiration while the catheter is still blocked 

has the potential to worsen the obstruction such that 

subsequent troubleshooting efforts are unsuccessful, 

Figure 3. Proposed paracentesis troubleshooting algorithm. Systematic approach to identifying the etiology of 

obstructed peritoneal drainage and improve catheter flow during paracentesis.  
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necessitating a repeat procedure and further time spent 

at the bedside. 

Considering the existing literature and our case 

experiences, we propose an algorithm to systematically 

address issues with catheter flow (Figure 3). In the first 

step, the system of tubing and connections is assessed. 

This includes verifying that attachments are appropriate 

(e.g., stopcock valves turned in the correct direction), and 

without external kinks or air leaks (e.g., loss of vacuum 

from an evacuated container). Intraprocedural ultrasound 

is then incorporated to confirm presence of ongoing 

ascites and identify catheter position. If the catheter is 

obstructed by intraperitoneal structure such as bowel, a 

series of techniques (i.e., releasing suction, twisting the 

catheter, flushing with saline, etc.) can be attempted. The 

success of each effort is monitored by ultrasound. 

Switching from vacuum to manual aspiration may be 

helpful in controlling the degree of negative pressure 

applied to the system and prevent repeated bowel 

attachment. 

When attempting to flush the catheter port with fluid, we 

find that rapid infusion yields the most success. We favor 

a small 10-20 mL syringe as larger syringes have more 

resistance. Syringes should be attached to the stopcock 

at the base of the centesis catheter to limit the distance 

the fluid must travel. It may be helpful to rotate the 

catheter at the time of flushing. Bowel may also be freed 

from the catheter with gentle retraction. Direct 

visualization of the peritoneal space using POCUS can 

determine the location of the catheter tip in relation to the 

volume of ascites present. This information can guide the 

proceduralist to retract the catheter more liberally than 

the one centimeter increments often recommended by 

expert opinion. If after repeated attempts, the bowel fails 

to detach from the catheter, the procedure should be 

terminated and reattempted at a different site, if needed. 

The optimal number of attempts and the amount of fluid 

to be tolerated is yet undetermined. 

To implement this algorithm, proceduralists will need 

materials in addition to routine paracentesis supplies 

(Table 2). Most importantly, we recommend having an 

ultrasound on hand with a sterile probe cover and 

conducting medium to maintain a sterile procedure field. 

In an optimized scenario, an assistant would be available 

to operate the ultrasound machine while the proceduralist 

remains sterile.  

Conclusion 

The rapid determination of obstructed flow through a 

paracentesis catheter has the potential to increase 

successful paracentesis, decrease the number of 

reattempts, and save valuable time of the proceduralist at 

the bedside. We propose an algorithm which uniquely 

incorporates intraprocedural POCUS and serial 

reassessment in hopes to systematically approach this 

commonly encountered problem. Formalized studies are 

necessary to evaluate success of such an algorithm and 

its component recommendations. 
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Introduction  

Myiasis is the infestation of live human and vertebrate 

animal tissues by botfly larvae. A number of botfly 

species are capable of causing human myiasis. The most 

common form of myiasis encountered in North America is 

due to infestation by Dermatobia hominis (D. hominis) in 

travellers returning from Central and South America [1]. 

The D. hominis fly lays her eggs on the underside of a 

blood-sucking arthropod (usually a mosquito). When the 

arthropod host subsequently feeds on a human, the botfly 

eggs hatch and the larvae infiltrate into the human’s 

tissues [1,2]. Once in the human host, botfly larvae live in 

the subcutaneous tissue and feed on the host’s tissues 

until the larvae are mature and spontaneously exit the 

host. Human infestation usually lasts for four to eighteen 

weeks.  

Patients with a botfly infestation present with an 

erythematous, raised, furuncle-like lesion [1-4]. The 

lesion usually appears to have central umbilication or 

necrosis. Patients sometimes report the sensation of 

movement within the subcutaneous tissues. Larval 

removal can be facilitated by the application of an 

occlusive substance over the wound (such as petroleum 

jelly). This starves the larva of oxygen, causing it to 

emerge from the host’s skin [1].  

Here we present a case report of the use of point of care 

ultrasound (POCUS) to assess a patient with myiasis, 

including the first known report of a Doppler twinkle 

artifact observed during ultrasound assessment of a 

human myiasis. 

Case Report 

An 81-year-old man presented to an urgent care centre in 

Ontario, Canada for assessment of an area of swelling 

and erythema on his right thigh. The patient was bitten by 

an unknown insect five weeks previous while travelling in 

Belize and his symptoms developed around the site of 

the insect bite. He had presented to a primary care 

provider two weeks prior for assessment of the lesion 

where he was diagnosed with cellulitis and prescribed a 

course of oral cephalexin. The patient reported that his 

symptoms initially improved while taking the antibiotics 

but reoccurred after the course of antibiotics was 

complete. The patient denied any recent history of fevers, 

chills, nausea, vomiting or diarrhea. He did not have any 

calf swelling, calf pain, dyspnea or hemoptysis. 

On presentation, the patient’s vital signs were within 

normal limits. He had a round, raised, 5-10 millimetre-

wide area of inflammation on the medial aspect of his 

right thigh, resembling a furuncle. There was no 

fluctuance, fluid drainage, or visible break in the skin.  

Case Report 
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POCUS assessment of the lesion was completed using a 

Sonosite PX ultrasound machine with a 12MHz high-

frequency linear transducer. A longitudinal sausage-

shaped structure (8 x 12mm) was identified within the 

subcutaneous tissue which demonstrated a thin anechoic 

ring surrounding a hyperechoic structure with acoustic 

shadowing (Figure 1). There was no evidence of 

posterior acoustic enhancement that would have been 

anticipated if the lesion were a furuncle or cutaneous 

abscess. The structure was not compressible, nor did it 

appear to have any intrinsic movement. 

Interrogation of the lesion with colour Doppler was 

completed to assess if the structure had any vascularity 

prior to attempting an incision and excision.  The lesion 

did not show any Doppler signal suggestive of vascular 

flow. Instead the structure, and continuing deep-field, 

demonstrated constant alternating colours of Doppler 

signal, giving the appearance of turbulent blood flow 

(Figure 2, Videos S1 & S2). This finding was consistent 

with a sonographic “twinkle sign”.  

Following the POCUS examination, the area surrounding 

the foreign body was anesthetized with local anesthetic 

in preparation for an incision. Before the procedure could 

be completed, an organism was observed in the process 

of exiting the centre of the furuncle-type lesion. Traction 

with forceps succeeded in extracting an intact 12mm long 

Figure 1. POCUS images of the myiasis viewed in short axis (A), and in long axis (B): the structure presents as a 

hyperechoic object with a surrounding anechoic ring and shadow artifact deep field. 

Figure 2. Twinkle artifact viewed with colour Doppler scanning of the myiasis in short axis (A) and in long axis (B).  
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organism (Figure 3). The patient was discharged home 

with no new prescription. Pathological examination 

subsequently confirmed that the specimen was a D. 

hominis larva (human botfly). During a follow-up phone 

call one month later, the patient reported complete 

resolution of his symptoms. 

Discussion 

Previous reports on the use of formal ultrasound and 

POCUS to assess lesions caused by botfly myiasis have 

reported that the larvae appear as hyperechoic round or 

oval structures with shadow artifact [2-4]. The larvae are 

usually noted to be surrounded by a ring of hypoechoic 

fluid [2,4]. Some authors have reported observing larval 

movement during the ultrasound scan [2,3]. The 

ultrasound findings in this case report are consistent with 

these observations, though we did not note any 

sonographic evidence of larval movement during our 

assessment. In contrast, POCUS assessment of a 

cutaneous abscess typically demonstrates contents that 

are anechoic to hyperechoic, with a hyperchoic rim that is 

hyperemic on colour doppler flow [5]. Abscesses typically 

show posterior acoustic enhancement. Compression of 

an abscess can elicit sonographically visible swirling of 

the purulent contents [5]. Application of colour doppler 

flow on an abscess would not be expected to show a 

twinkle artifact.  

The twinkle artifact (also known as twinkle sign or colour 

comet artifact) during Doppler ultrasound was first 

described in 1996 [6]. It presents as a rapidly changing 

mixture of red and blue signal deep field to a reflective 

structure and is understood to represent noise within the 

Doppler signal caused by reflections off of a highly 

echogenic surface [6]. Clinicians classically look for a 

twinkle artifact during Doppler sonographic assessment 

for a calcium containing calculus (either nephrolithiasis or 

cholelithiasis). A retrospective chart review found that the 

presence of the twinkle sign on initial ultrasound had a 

high positive predictive value (78%) for the presence of 

nephrolithiasis on subsequent unenhanced CT [7].  

The twinkle sign has also been observed during 

sonography of other structures. Nagafuchi et al reported 

on the presence of a twinkle artifact in rheumatologic 

patients when scanning periarticular calcification 

secondary to intra-articular corticosteroid injections [8].  

In a series of 46 consecutive patients with 

microcalcifications on mammogram, looking for the 

twinkle artifact during ultrasound-guided biopsies 

increased the sensitivity for suspicious lesions from a 

baseline of 30% with B-mode up to 89% with Doppler [9].  

The twinkle sign has also been described when scanning 

strongly reflective surfaces with a rough texture that do 

not contain any calcium, such as iron fillings and ground 

glass [6,7]. The artifact is not observed when scanning 

smooth reflective surfaces, such as metal wire [6]. 

Here we present the first known report documenting a 

twinkle artifact during the sonographic assessment of a 

myiasis. The etiology of the myiasis twinkle artifact is 

presumed to be a result of the hard, irregular and spiny 

larva carapace. It is possible that more immature larvae, 

with less developed carapaces, will not demonstrate 

twinkle artifact and that this sonographic characteristic 

may only be seen with later presentations of myiasis.  

This case involved a D. hominis larvae. Other species of 

myiasis (eg. Cordylobia anthropophaga) have a similar 

carapace composition and surface texture as D. hominis, 

and so we would anticipate that POCUS assessment of 

these lesions would produce a similar sonographic 

twinkle sign, but this is currently unknown [10].  

During our POCUS assessment the botfly larva was 

located within the patient’s subcutaneous tissues. Within 

a few minutes, however, the larva began spontaneously 

exiting the host. We suspect that the ultrasound gel 

applied during the POCUS exam acted as an occlusive 

coating, prompting the larva’s exit. In this case it is 

possible that in addition to diagnostic assistance, the 

POCUS provided some therapeutic value. 

Due to the low incidence of botfly infestation in North 

America, patients with myiasis are often misdiagnosed 

with cellulitis [2,3]. This leads to unnecessary repeat 

healthcare visits, inappropriate use of antibiotics and a 

delay in the initiation of appropriate treatment. This report 

demonstrates the importance of maintaining a broad 

differential diagnosis for localized swelling and erythema, 

especially in the context of recent travel history, and the 

value of employing POCUS in order to make an accurate 

diagnosis. In this case, the application of POCUS 

demonstrated some features already described, as well 

as a newly described sonographic feature in the context 

of myiasis assessment, the myiasis twinkle sign. 

Figure 3. The D. hominis botfly assessed by POCUS, 

viewed after excision.  
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Introduction 

In recent years, point of care ultrasound (POCUS) is 

becoming more prevalent in medical education and in 

patient care [1]. After the onset of the COVID-19 

pandemic, there are examples of successful virtual 

adaptation of POCUS in medical student and radiological 

resident education [2,3]. From a practical standpoint, the 

use of musculoskeletal POCUS is becoming more 

widespread and ubiquitous within medicine, specifically 

within the field of rheumatology. In addition, a previous 

study demonstrated successful teaching of sonographic 

findings of inflammatory arthritis to medical students, 

based on utilization of a multiple-choice exam, practical 

skills assessment, and overall score determined by the 

educators [4]. 

Advancing a POCUS skillset relies mostly on self-directed 

education and/or enrollment in specific curricula [5-8]. In 

recent years, musculoskeletal POCUS training has been 

integrated into many adult rheumatology fellowship 

programs, with over 100 programs in the United States 

providing education on this imaging modality. However, 

the availability of standardized curricula varies between 

fellowship programs [5].  In an effort to support 

musculoskeletal POCUS  training, the American College 

of Rheumatology (ACR) introduced a musculoskeletal 

POCUS educational curriculum for adult patients, with 

related appendices for pediatric patients [6]. In order to 

quantify the availability of pediatric musculoskeletal 

POCUS curricula, one recent cross-sectional study 

showed that 20 of the 36 ACGME-accredited pediatric 

rheumatology fellowship programs in the United States 

Research 

Abstract 

Point of care pediatric musculoskeletal POCUS scanning and scoring protocols for childhood arthritis have emerged in 

recent years. However, pediatric musculoskeletal POCUS curricula in rheumatology fellowship programs are limited 

due to availability of trained faculty and resources. This proof-of-concept study investigated the effectiveness of 

educational methods for a pediatric musculoskeletal POCUS scoring protocol among fellows and physicians of 

differing subspecialties. Educational methods assessed included recorded videos and virtual review sessions. 

Effectiveness was assessed by calculating interrater reliability for the musculoskeletal POCUS scoring systems using 

the intra-class correlation coefficient (ICC). Following training sessions, participants then underwent scoring exercise

(s) until the goal of an excellent ICC ≥ 0.75 was reached. Four participants completed two rounds of virtual education, 

review, and scoring sessions. Excellent interrater reliability was achieved for most views. This proof-of-concept study 

demonstrated virtual education covering advanced concepts of pediatric musculoskeletal POCUS provides a 

knowledge base for physicians from different subspecialties and various experience.  
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and Canada offer some level of musculoskeletal POCUS 

training [8]. However, the dissemination of pediatric 

musculoskeletal POCUS curricula can be limited due to 

the availability of trained faculty, constraints on time and 

resources to perform these studies, and decreased 

awareness of available curricula [8].  

Within the context of clinical applications of pediatric 

musculoskeletal POCUS, there exists definitions for 

pediatric sonographic findings of healthy joints as well as 

sonographic findings of inflammatory arthritis [9-11]. 

Recent studies within the field of pediatric rheumatology 

and musculoskeletal POCUS have focused on the 

development of pediatric-specific scanning protocols for 

the assessment of synovitis in juvenile idiopathic arthritis

(JIA) and corresponding scoring systems, including those 

proposed by the Outcome Measures in Rheumatology 

(OMERACT) and Childhood Arthritis and Rheumatology 

Research Alliance (CARRA) ultrasound work groups [12-

17]. However, the establishment of curricula for 

advanced concepts including consensus-based scoring 

systems for pediatric synovitis within the context of 

rheumatic disease has not been well explored.   

This proof-of-concept study aims to explore this 

knowledge gap, and to provide further insight into 

educational opportunities within the field. Here, we 

provided an initial assessment of 1) the educational 

methods used to teach and 2) the reproducibility of a 

pediatric-specific musculoskeletal POCUS scoring 

system among fellows-in-training and a pediatric 

radiology attending.  

Materials and Methods 

This was a proof-of-concept study, and participants 

included those with various degrees of training and 

experience in musculoskeletal POCUS (from 1 year to 

>10 years), including three fellows (two pediatric 

rheumatology fellows, one pediatric radiology fellow) and 

one radiology attending with expertise in musculoskeletal 

imaging and 10 years of post-training experience. The 

education provided for the group included two modalities: 

1) recorded educational videos and 2) follow-up review 

sessions via virtual meet space.  These videos and 

review sessions were guided by an expert pediatric 

Figure 1. Methods. Methodology used for education and scoring exercises. Participants included 3 fellows in training 

from pediatric rheumatology (2) and pediatric radiology (1), as well as 1 attending from musculoskeletal radiology. 

Sessions were led by a trained pediatric Musculoskeletal Ultrasound Certification in Rheumatology (RhMSUS) 

certified sonographer of >10 years. Education materials covered normal sonographic anatomy, pathologic findings 

related to arthritis, as well as a semiquantitative scoring system. [13,15] Scoring exercises were comprised of still 

images using B- and PD-mode, representative of normal and pathologic findings. Assessment used intra-class 

correlation coefficient (ICC) with goal of 0.75 or greater for the lower confidence interval (CI) for each joint. [18,19] 

Education and scoring were repeated if this goal was not achieved per joint and view.  
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rheumatologist and ultrasonographer (PVF, 10 years of 

musculoskeletal POCUS experience). The methods are 

outlined in Figure 1.  

The recorded educational videos were led by the 

musculoskeletal POCUS expert (PVF) and facilitator 

(YE), who helped guide discussion points during the 

recording and review sessions. The videos reviewed the 

sonographic anatomy as well as pathologic findings for B

-mode and PD-mode of the elbow, wrist, finger, knee, 

and ankle joints. During these videos, the scoring system 

for each joint was also taught, using static images 

obtained from patients 2-17 years of age. Briefly, the 

definitions of pathology used by the scoring systems 

followed the recommendations proposed by the 

OMERACT Pediatric Ultrasound Group [7]. The scoring 

systems used a semi-quantitative scale (0-normal to 3-

severe) to categorize the findings of synovitis in B-mode 

and power Doppler (PD) images of the aforementioned 

joints (Table 1) [13, 15-17].  

The duration of each video ranged from 24 to 46 minutes 

in length. In addition, electronic handouts were provided 

to participants, which detailed the anatomy, pathology, 

and scoring system of each joint.  Participants were 

encouraged to complete the videos prior to the virtual 

review sessions.  

The two review sessions then took place via a virtual 

meet space, led by YE and PVF, which lasted 

approximately 1.5 – 2 hours total. During this review, 

participants asked questions regarding the anatomy, 

pathology, and scoring system. Then, participants were 

able to practice the scoring system, and real-time 

feedback and discussion were provided based on the 

score each participant chose. Following the review 

sessions, participants had more opportunities to 

individually review the material on their own time, and 

one-on-one question and answer sessions regarding the 

scoring system via phone or email were provided as 

needed.   

All participants then underwent a scoring exercise which 

was conducted electronically, using B- and PD-mode 

static images from a previously existing pediatric 

musculoskeletal POCUS image bank obtained from 

children 2 – 17 years and representing the spectrum of 

pathology described by the scoring systems for each 

joint. The images were selected based on the quality of 

the image, specifically considering clear delineation of 

bony/cartilage landmarks and the least amount of 

anisotropy or artifact. The images selected for the review 

sessions were different than those selected for the 

scoring exercises. No identifiable patient information was 

presented with the images save for the age of the 

subject. The images were scored independently by each 

participant; statistical analysis followed each exercise. 

Based on the results from the first scoring exercise, 

participants underwent a second review session with 

emphasis on the areas that did not reach excellent 

reliability as defined by an intra-class correlation 

coefficient (ICC) ≤0.75 [18,19].  During this live virtual 

review session, additional sample images for scoring 

practice were provided, with participants providing scores 

followed by discussion as to why specific scores were 

chosen. Then, a second scoring exercise was performed 

which focused on those particular areas utilizing B- and 

PD-mode static images.  

The interrater reliability was estimated using the two-way 

single score ICC, along with the 95% confidence 

intervals (CI). Excellent ICC was defined to be between 

0.75 – 1.00, good 0.60 – 0.74, fair 0.40 – 0.59, and poor 

<0.40 [18,19]. ICC estimates and their 95% confidence 

intervals were calculated using SAS v9.4©, Cary, NC.  

This study was submitted to the authors’ Institutional 

Review Board (Cincinnati Children’s Hospital Medical 

Center) and received exemption status: IRB# 2020-0700.  

Joint Anatomical Views (B-mode and PD-mode) 

Elbow Anterior humeroulnar joint recess 

Anterior humeroradial joint recess 

Posterior humeroulnar joint recess 

Wrist Radiocarpal and midcarpal joint recess – midline 

Radiocarpal and midcarpal joint recess – ulnar 

Distal radioulnar joint recess 

Extensor tendons 

Finger MCP dorsal joint recess in longitudinal 

MCP volar joint recess in longitudinal 

PIP volar joint recess in longitudinal 

PIP dorsal joint recess in longitudinal 

Knee Suprapatellar joint recess 

Medial parapatellar joint recess 

Lateral parapatellar joint recess 

Ankle Anterior tibiotalar joint recess 

Talonavicular joint recess 

Anterior subtalar joint recess (from medial aspect) 

Posterior subtalar joint recess (from lateral aspect) 

Anterior, medial, and lateral tendons 

Anatomical views for the scoring protocol as determined by 
previous studies. [13,15-17] 

Table 1. Anatomical Views for Elbow, Wrist, Finger, 
Knee, and Ankle Joints [13,15-17] 
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Results 

A total of four raters participated in this proof-of-concept 

study. A total of two rounds of educational and scoring 

sessions were completed. The results from the first 

educational and scoring exercise are listed in Table 2. 

For this scoring exercise, a total number of 588 images 

representing both normal sonographic anatomy as well 

as varying degrees of pathology related to the scoring 

system (including 352 B-mode and 236 PD-mode still 

images) were scored. Based on these results, excellent 

interrater reliability (ICC ≥ 0.75) was achieved for most of 

the B-mode and PD mode views of the elbow, wrist, 

finger, knee and ankle as delineated in Table 2.  

For the remaining views in which excellent reliability was 

Joint View 

Exercise 1 Exercise 2 

B-mode 

ICC (95% CI) 

Power Doppler-
Mode 

ICC (95% CI) 

B-mode 

ICC (95% CI) 

Power Doppler-
Mode 

ICC (95% CI) 

Elbow 

Anterior humeroulnar and 
humeroradial joint recesses 

0.93 (0.89 – 0.95) 0.88 (0.77 - 0.94) 
‡
 

‡
 

Posterior humeroulnar joint 
recess 

0.93 (0.89 - 0.95) 0.77 (0.61 - 0.87) 
‡
 

‡
 

Wrist 

Radiocarpal and midcarpal 
joint -- midline 

0.86 (0.80 - 0.90) 0.96 (0.94 - 0.97) 
‡
 

‡
 

Radiocarpal and midcarpal 
joint -- ulnar 

0.80 (0.65 - 0.89) 0.90 (0.71 - 0.97) 
‡
 

‡
 

Distal radioulnar joint recess 0.87 (0.78-0.92) 0.93 (0.94 – 0.97) 
‡
 

‡
 

Tendons -- extensor 0.74* (0.58 - 0.84) 0.66* (0.35 - 0.84) 0.5* (0.19 – 0.72) 0.52* (0.19 – 0.74) 

Finger 

MCP dorsal joint recess in 
longitudinal 

0.94 (0.90 - 0.96) 0.98 (0.97 - 0.99) 
‡
 

‡
 

MCP volar joint recess in 
longitudinal 

0.82 (0.73 - 0.88) 0.89 (0.83 - 0.93) 
‡
 0.95 (0.93-0.97) 

PIP volar joint recess in 
longitudinal 

0.91 (0.87 - 0.94) 0.63* (0.48 - 0.74) 

PIP dorsal joint recess in 
longitudinal 

0.94 (0.88-0.97) 0.84 (0.70 - 0.92) 
‡
 

‡
 

Knee 

Suprapatellar joint recess 0.93 (0.89 - 0.95) 0.88 (0.82 - 0.92) 
‡
 

‡
 

Medial parapatellar joint 
recess 

0.92 (0.88 - 0.95) 0.90 (0.85 – 0.93) 
‡
 

‡
 

Lateral parapatellar joint 
recess 

0.94 (0.91 – 0.96) 0.90 (0.84 – 0.93) 
‡
 

‡
 

Ankle  

Anterior tibiotalar joint recess 0.92 (0.88 – 0.95) 0.87 (0.75 – 0.93) 
‡
 

‡
 

Talonavicular joint recess 0.66* (0.41 - 0.82) 0.91 (0.8 - 0.96) 0.84 (0.71-0.91) 
‡
 

Anterior subtalar joint recess 
(medial aspect) 

0.77 (0.63 - 0.86) 0.83 (0.59 - 0.94) 
‡
 

‡
 

Posterior subtalar joint recess 
(lateral aspect) 

0.73* (0.57 - 0.84) 
†
 0.90 (0.85-0.96) 0.91 (0.83-0.95) 

Tendons—Medial, lateral and 
anterior 

0.53* (0.26 - 0.73) 0.55* (0.1 - 0.81) 0.82 (0.73-0.88) 0.95 (0.91-0.97) 

*Desired reliability of ≥ 0.75 not obtained. 
†
Insufficient data to assess. 

‡
Not applicable 

Interrater reliability was estimated using ICC. Excellent ICC was defined to be between 0.75-1.00, good 0.60-0.74, fair 0.40 – 
0.59, and poor < 0.40. [18, 19air 0.40 – 0.59, and poor < 0.40. [18, 19] 

Table 2. Interrater Reliability of Pediatric-Specific musculoskeletal POCUS Scoring System– Exercise 1 and 2.  
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not reached, a second round of education and scoring 

exercises was performed, with the results listed in 

Table 2. For this scoring exercise, a total number of 234 

B-mode and PD-mode still images were scored. Desired 

excellent interrater reliability was obtained for the 

remaining B-mode and PD-mode views with the 

exception of those delineating the tendons of the wrists. 

For this area, a fair reliability was obtained.  

Feedback regarding the educational sessions was 

obtained in real-time from participants. Positive feedback 

included the flexibility of the curriculum given the video 

format with electronic handouts, as well as the structure 

of educational sessions. Suggestions for improvement 

included incorporating more examples of image scoring 

for both B-mode and PD-mode views during the 

interactive virtual review sessions.  

Discussion 

This proof-of-concept study explored the ability of 

pediatric physicians with varying degrees of expertise to 

learn and demonstrate a novel pediatric musculoskeletal 

POCUS scoring system. From an educational standpoint, 

the information provided to participants built upon basic 

musculoskeletal anatomy, and participants were able to 

gain or fine tune knowledge regarding joint pathology as 

visualized on B- and PD-modes. Knowledge of the 

scoring protocol was also imparted. The format of the 

educational sessions, which included video lectures 

encompassing the related sonographic anatomy, 

pathology, and scoring system of each joint, allowed 

participants to learn independently. In addition, during 

the virtual, interactive review sessions the participants 

were able to practice scoring, concept review, and 

discussion of the scoring systems in real-time. 

Immediate, informal feedback at the end of each session 

allowed incorporation of suggestions into subsequent 

educational sessions.  

Use of musculoskeletal POCUS facilitates real-time 

diagnosis, intervention, and monitoring by the clinician 

ultrasonographer [20, 21]. In addition, the evolution of 

technology has provided the medical community with 

multiple portable options, which has allowed pediatric 

providers increased access to this mode of imaging [21]. 

In terms of musculoskeletal POCUS, there are multiple 

routes of education including rheumatology fellowship 

training, mentored training that is either structured or 

unstructured, or self-directed and non-mentored training 

[20]. For pediatric musculoskeletal POCUS, basic 

educational opportunities include the training program 

offered by the Ultrasound School of North American 

Rheumatologists (USSONAR), workshops and courses 

previously offered by the American College of 

Rheumatology (ACR) or Childhood Arthritis 

Rheumatology Research Alliance (CARRA) in the pre-

COVID era, as well as self-directed online resources 

such as Ped-MUS [6; 22-23]. Twenty pediatric 

rheumatology fellowship programs also offer 

musculoskeletal POCUS training [8].  

To our knowledge, this is the first effort to investigate a 

virtual educational format to train pediatricians in the 

assessment of musculoskeletal POCUS studies as they 

pertain to JIA using advanced concepts. While it is 

possible that the size and flexibility of this participant 

group facilitated this investigation, it is feasible that these 

educational sessions can be replicated among larger 

participant groups in the future. The pandemic has 

accelerated the era of virtual meetings, which some have 

found to be beneficial in radiological education [3], and 

our demonstration of teachability and reproducibility of 

this scoring system via a virtual meet space is likewise 

encouraging. The era of COVID-19 proved to be a new 

obstacle in live in-person musculoskeletal POCUS 

training but also provided the impetus for developing 

virtual, remote learning options, which will likely continue 

to be an integral part of this training [24]. This also 

highlights the potential to provide virtual education for 

clinicians in underserved areas, including global outreach 

programs.  

The limitations of this study included the reduced number 

of participants involved. A lower ICC may reflect not only 

the degree of interrater agreement, but also a smaller 

number of raters or the diverse experience of the raters. 

In our particular study, we had four participants, which 

could have contributed to this finding. Competency 

assessment of the proposed online curriculum was not 

pursued mainly given the size of the team evaluated. In 

addition, solicited feedback was not anonymous given 

the size of the group.  

The one area that only attained fair interrater reliability 

after the second round of training in this study was B-

mode and PD-mode views for the tendons of the wrists.  

One possible explanation for this is that scoring involved 

static images, as opposed to cine clips which can better 

distinguish hypoechoic muscle surrounding a tendon at 

the myotendinous junction from fluid. In addition, the 

presence of the retinaculum adjacent to the dorsal wrist 

tendons can exhibit a hypoechoic appearance, which 

without dynamic study to assess for anisotropy or 

compressibility, could potentially affect interpretation by 

mimicking tenosynovitis [25].   

Finally, as this was a proof-of-concept study, we did not 

perform longitudinal follow-up of participant knowledge 

recall and therefore cannot comment on retention. Future 

qualitative studies should investigate areas of 

optimization in education of this pediatric musculoskeletal 

scoring system among varying levels of expertise, 

including pre- and post-curriculum knowledge 
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assessment, long-term follow-up, and where applicable, 

impact on clinical practice.  

Conclusion 

Our study showed that virtual educational exercises 

covering normal musculoskeletal POCUS anatomy and 

pathologic variations related to pediatric arthritis can 

provide a knowledge base to physicians from different 

subspecialties at varying points in their training and 

careers. Further qualitative studies should be performed 

to assess areas of optimization in education of pediatric 

musculoskeletal POCUS and pediatric-specific 

musculoskeletal POCUS scoring systems. Finally, our 

study demonstrated that a virtual platform for pediatric 

musculoskeletal POCUS curricula is a feasible option, 

and could be implemented for pediatric rheumatology 

fellowship programs that do not have ready access to 

trained faculty or resources.  
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Introduction 

Neuraxial anesthesia procedures are one of the few 

procedures anesthesiologists perform that mainly rely on 

proceduralists tactile feedback without needle 

visualization. Many of the techniques that once were 

performed by utilizing anatomic landmark (e.g., central 

line placement) or nerve block using stimulators are now 

performed with ultrasound (US) guidance. The first 

description of US guidance for neuraxial anesthesia 

occurred in 1980, demonstrating good correlation 

between estimated depth from skin to epidural space 

[1,2]. Proponents of ultrasound-guided neuraxial block, 

including the National Institute for Health and Care 

Excellence (NICE) have cited improved efficacy of block 

placement (e.g., first attempt success), decreased 

epidural catheter failure rate, and better localization of the 

epidural space in patients with poor anatomical 

landmarks or abnormal anatomy (e.g., scoliosis) [3–6]. 

Despite the benefits of US guided neuraxial blockade, its 

use has not gained traction over the years. Some 

limitations to the incorporation of its use includes time 

constraints, lack of formal training, limited availability, 

high cost of ultrasound devices, ease of use and storage 

space [7,8]. Technological advancements, such as the 

utilization of capacitive micro-machined ultrasound 

transducers (CMUTs) instead of piezoelectric crystals has 

allowed for the creation of more portable and affordable 

devices. The Butterfly iQ ultrasound (Butterfly Network, 

Burlington, MA) device is a handheld that utilizes this 

technology and the image quality produced by their 

Research 

Abstract 

Despite its many cited benefits, ultrasound guidance for neuraxial procedures is not widespread in anesthesiology. 

Some cited limitations include device cost and accessibility. We test the hypothesis that a handheld and relatively 

inexpensive ultrasound can improve neuraxial proficiency (e.g., decreased needle manipulations and block time). This 

prospective study compared the number of needle passes, redirections, and procedural time between epidural placed 

with a handheld ultrasound versus landmarks. Needle passes and attempts were defined as the number of times the 

Tuhoy needle was redirected, and the times skin was punctured (re-insertion). Procedural time was defined as the time 

from local anesthetic infiltration until loss of resistance was obtained. The impact of level of training and accuracy of 

the device were also analyzed. 302 patients receiving labor epidural were included in the study. No difference in body 

mass index (BMI) nor distribution of level of training was noted between the groups. Regression analysis adjusted for 

BMI demonstrated a decrease in needle passes (-1.75 (95% CI -2.62, -0.89), p < 0.001), needle attempts (-0.51 (95% 

CI -0.97, -0.04), p = 0.032) and procedural time (-154.67s 95% CI -303.49s, -5.85s), p = 0.042) when a handheld 

ultrasound was utilized. The mean (95% Confidence interval) difference between needle depth and ultrasound depth 

was 0.39 cm (0.32, 0.46), p < 0.001. The use of a handheld device resulted in statistically significant decrease of 

needle manipulations and block time. More research is needed to evaluate the impact of and increase in accessibility 

of ultrasound technology.  
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device is comparable to that of cart-based US devices, 

particularly for basic obstetric and anesthesiology 

ultrasound imaging [9]. The primary aim of this study was 

to evaluate the number of needle passes (redirections). 

Secondary outcomes include feasibility, time from start of 

procedure to loss of resistance, and number of needle 

attempts. Secondary outcomes included accuracy of the 

device (defined as the difference between the actual 

depth from skin to epidural space minus the estimated 

depth from skin to epidural space calculated by the 

Butterfly iQ device) and impact of level of training over 

the primary and secondary outcomes with and without 

neuraxial US guidance.   

Methods 

After approval by the Internal Review Board (IRB) at Yale 

New Haven Hospital (ID# - 2000030405), this 

prospective cohort study was conducted from September 

2021 to May 2022. The strengthening the reporting of 

observational studies in epidemiology (STROBE) 

guidelines were followed. Laboring women requesting 

epidural analgesia were recruited after giving verbal 

consent. Patients were assigned to one of two groups: 

landmark, or US guided neuraxial placement according 

to attending anesthesiologist preference. Inclusion 

criteria was laboring parturient ASA Physical Status I-III. 

Exclusion criteria were patients with a contraindication for 

neuraxial anesthesia (e.g., coagulopathy), known 

diagnosis of scoliosis, or history of spinal surgery.  

Ultrasound and landmark assessment  

Patients were placed in the seated position and 

instructed to flex their lumbar spine. For patients in the 

landmark approach (LM) cohort, the iliac crest was 

palpated, and spaces were determined at that 

intersection point. An anesthesia provider (resident, 

fellow or Certified Registered Nurse Anesthetists) level of 

training (LOT) 1 – 4 performed the labor epidural utilizing 

a loss of resistance technique at the level that was the 

most favorable to them. Level of training was defined 

according to years of experience in the field of 

anesthesia, with residents in the first clinical year of 

anesthesia being LOT 1, LOT 2 or 3 if on their second or 

third year, respectively. Fellows, attendings and Certified 

Registered Nurse Anesthetists (CRNAs) were considered 

– LOT 4, given at least 4 years of experience in the field. 

In the ultrasound cohort, the iliac crest was identified, 

and a transverse ultrasound scan was performed starting 

at the intercristal line (also known as the Tuffier’s line). 

The US technique was performed utilizing a handheld 

second-generation Butterfly iQ + US device (Figure 1), 

with the abdomen preset, and performed by one of two 

researchers (AG-F or AA), both with > 5 years of 

experience performing US guided neuraxial anesthesia 

procedures. The US probe was moved vertically upward 

until the posterior and anterior complexes were clearly 

visualized. A line was drawn at the midpoint of the probe 

in the horizontal and vertical plane as previously 

described by Balki et al [10]. The image was frozen, and 

Figure 1. Image A demon-

strates the acoustic shad-

ow that characterizes the 

spinous process (arrow). 

Image B depicts the mark-

ing of the patients midline 

(arrow). Image C. can be 

obtained by moving the 

ultrasound in a cephalad 

or caudad position after 

obtaining image A. The 

arrowhead tip is pointing 

at the posterior complex 

which is composed of the 

ligamentum flavum and 

the dura. This view is uti-

lized to mark the inter-

space  as demonstrated 

by Image D, depicting the 

marking of the interspace 

(arrowhead). 
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the built-in caliper was utilized to measure (to the 2nd 

tenth of a decimal point) the estimated distance from skin 

to the posterior complex (Figure 2). To limit collection 

bias, the times and number of needle passes and 

attempts (for both groups) were recorded by a third 

person not involved in the care of the patient. 

Epidural procedure 

With the patient in the sitting position and with their 

lumbar spine flexed, the back was cleaned and draped. 

After infiltration of the skin with a 1% solution lidocaine, a 

17-gauge Tuohy needle (8.9 cm) with 1 cm markings was 

utilized using a loss of resistance to saline or air 

technique. In the landmark group anesthesia providers 

palpated the patients back and proceeded at the location 

they thought were most easily palpated. In the ultrasound 

group, the anesthesia providers, who were blinded to the 

estimated distance, were asked to refrain from palpating 

and to proceed with the epidural at the intersection point 

between the horizontal and vertical markings. Upon loss 

of resistance the depth from skin to epidural space was 

visually estimated to the tenth of a decimal point. The 

primary outcome of needle passes was defined as any 

change in the angle of the Tuohy needle. Secondary 

outcomes for time for epidural placement (procedure 

time) were defined as time from local anesthetic until 

time at which loss of resistance was achieved, and a 

needle attempt was defined as the number of times the 

needle was re-inserted at the skin.  

Statistical analysis  

Based on previous studies that demonstrated a mean 

number of 4 needle passes (standard deviation of 2) in 

patients with “difficult backs”, and considering a 

difference of two passes between groups as clinically 

significant, a calculated 20 patients per group was 

needed to provide a power of 80% at a two-sided 

significance level of 0.05 [11,12]. Given that one of these  

studies demonstrated to be underpowered, we were 

unaware of our mean (SD) for number of needle of 

passes, and to account for the differences in level of 

training we opted to increase the number of patients to 

35 per each level of training patients per group, and up to 

310 patients total would be recruited to account for 

missing data or protocol violations. A total of 302 patients 

were included in the data analysis (150 US vs. 152 LM). 

Demographics characteristics were summarized by mean 

(SD) for continuous variables and count (%) for 

categorical variables. The difference between US and LM 

were tested using 2 sample test, Wilcoxon rank sum test, 

person’s chi square test, or fisher’s exact test when 

appropriate. We also run linear regression models to 

study association of US to attempts, passes, and block 

time after adjusting for the BMI and level of training. All 

tests were 2-sided with a significance level of 0.05. All 

statistical analysis were conducted in R version 4.0.2 (R 

core Team).  

Results 

We enrolled 302 patients during the study period. One 

hundred fifty patients were included in the US group and 

152 in the LM group. No statistically significant difference 

was noted regarding body mass index (BMI) between the 

groups. Table 1 summarizes the patients and level of 

training characteristics data as well as the differences in 

the number of needle pass, attempts and time to perform 

the block and percentage of success upon first attempt 

and pass. The unadjusted number of needle pass 

attempts and time to perform the block and percentage of 

success upon first attempt and pass by level of training 

are summarized in Table 2.   

For the primary outcome of needle pass, after adjusting 

for BMI, the regression analysis demonstrated that the 

use of US resulted in a decrease in needle passes of -

1.75 (95% CI -2.62, -0.89), p < 0.001. For the secondary 

outcomes of needle attempts and procedure time, the 

use of US also resulted in a reduction in these variables 

([-0.51 (95% CI -0.97, -0.04), p = 0.032] and [-154.67 s 

95% CI -303.49s, -5.85s), p = 0.042], respectively). 

When examining level of training, the regression analysis 

Figure 2. Butterfly US image showing posterior complex 

(arrow head) that represents Ligamentum flavum and 

dura, and anterior complex (arrow) which represents ver-

tebral body. Yellow line represents the caliper measuring 

the distance between skin and posterior complex. 
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demonstrated that only LOT4 with and without the aid of 

US resulted in a decrease in number of needle pass 

[1.17 (95% CI 0.06 – 2.28), p = 0.039 and -1.39 (95% CI 

-2.16, -0.61), p < 0.001], respectively (Table 3).  

When further evaluating procedure time, the mean (SD) 

time for US image acquisition was 82.10 (65.25) s. After 

factoring in the US-total block time (scanning + block 

time), the US device group time from local anesthetic to 

loss of resistance was faster than that of the LM group 

(266.06 (181.33) and 342.20 (414.62) seconds, p = 0.04, 

respectively). The regression analysis model (adjusted 

for BMI) demonstrated that BMI added 0.03 (95% CI 

0.00, 0.06), p = 0.033 passes and approximately 5 

seconds (95% CI 0.20, 9.58), p = 0.041, for every 1 kg/

m2 above 25 kg/m2. Furthermore, when all variables 

(e.g., BMI, LOT, use of US, LOT + use of US) were 

compared to LOT 2, the only factor that consistently 

provided statistically significant difference in the number 

of passes, attempts and block time was the use of US. 

Overall, the variables herein reported (BMI, level of 

training, use of ultrasound) explain less than 20% of the 

variance when evaluating their impact over needle 

passes (R2/ R2 adjusted 0.165/0.147), attempts (R2/ R2 

adjusted 0.072/0.052) and block time (R2/ R2 adjusted 

0.084/0.064). Lastly, the mean difference between 

needle depth and US device estimated depth was 0.39 

cm (95% CI: 0.32, 0.46), p < 0.001. 

Discussion 

The most important finding in our study was that the use 

of ultrasound halved the number of needle passes and 

decreased the overall number of attempts and procedural 

time for epidural anesthesia. Our first needle pass and 

attempt success rate increased by 84% and 40%, 

respectively. These results echo those previously 

reported in several studies [11,13–16] and meta-analysis 

[17–19]. Time constraint is usually mentioned as a 

limitation for the use of US [3]. In our study the mean 

Table 1. Patient body mass index, level of training 
distribution and overall impact of handheld ultrasound 
over needle attempts, passes and block time.  

Characteristic Landmark 
group (LM) 

Ultrasound 
group (US) 

p-
value

*
 

BMI (Kg/m
2
)       

Mean (SD) 32.86 (7.78) 32.82 (7.99) > 0.9 

Level of training n/N (%)   0.6 

1 3/152 (2%) 3/152 (2%)   

2 41/152 
(27%) 

35/150 
(23%) 

  

3 58/152 
(38%) 

51/150 
(34%) 

  

4 50/152 
(33%) 

61/150 
(41%) 

  

First needle pass 
success 

70/152 
(46%) 

113/150 
(75%) 

<0.001 

First needle at-
tempt success 

91/152 
(60%) 

126/150 
(84%) 

<0.001 

Needle Passes     <0.001 

Mean (SD) 2.80 (2.45) 1.43 (0.55)   

Median (IQR) 2.00 (1.00 – 
4.00) 

1.00 (1.00 – 
1.00) 

  

Range 2.00 (1.00 – 
13.00) 

1.00 (1.00 – 
6.00) 

  

Needle Attempts     <0.001 

Mean (SD) 1.79 (1.30) 1.22 (0.55)   

Median (IQR) 1.00 (1.00 – 
2.00) 

1.00 (1.00 – 
1.00) 

  

Range 1 - 7 1 - 4   

Block time in sec-
onds 

    <0.001 

Mean (SD) 342.20 
(414.62) 

184 (174.28)   

Median (IQR) 215 (98.75 – 
447.00) 

120 (84.25 – 
193.50) 

  

BMI—Body mass index; IQR – Interquartile ratio; LM – 
landmark group; US – handheld ultrasound group; SD 
– Standard deviation; 

*
Welch Two Sample t-test; Fish-

er's exact test; Pearson's Chi-squared test.  

  LM group US group p-
value 

Needle Passes       

LOT 2 3.39 (2.54) 1.63 (1.09) <0.00
1 

LOT 3 2.90 (2.70) 1.31 (0.97) <0.00
1 

LOT 4 1.98 (1.71) 1.41 (0.78) 0.033 

Needle attempts       

LOT 2 1.88 (1.31) 1.31 (0.63) 0.017 

LOT 3 1.74 (1.29) 1.14 (0.45) 0.001 

LOT 4 1.62 (1.09) 1.25 (0.60) 0.032 

Procedure time in 
seconds 

      

LOT 2 402.78 
(291.10) 

232.82 
(192.93) 

0.003 

LOT 3 328.66 
(494.62) 

132.41 
(106.15) 

0.005 

LOT 4 264.74 
(357.63) 

203.28 
(201.88) 

0.3 

US – Handheld Ultrasound group. LM – landmark 
group; LOT2 – resident with 2 clinical years of experi-
ence; LOT3 – resident with 3 years of clinical experi-
ence; LOT4 – anesthesiology provider with at least 4 
years of experience (e.g., Attending, fellow) or Certified 
Registered Nurse . 

Table 2. Impact of level of training (LOT) over needle 
passes, attempts and block time. 
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scanning time was < 2min, and the addition of this time is 

unlikely to be of important clinical significance to the total 

block time. Although not evaluated in our study, other 

studies suggest that this decrease in needle passes and 

attempts has been associated with a 50% reduction 

technical failure (relative risk 0.51; 95% CI 0.32 – 0.80), 

improved maternal satisfaction, better analgesia and a 

decrease in reported headaches, and back pain [17–19]. 

These benefits may not be as evident in the concomitant 

presence of palpable anatomy and an experienced 

sonographer and provider [17–19]. 

The use of US guidance is more likely to yield significant 

improvement in the presence of abnormal or poorly 

palpable anatomy [5,6]. Yet, it is important to recognize 

that several experts in the field of neuraxial US guidance 

agree that this is a technique that requires practice, and 

perhaps unlikely to yield noticeable outcomes without a 

priori normal anatomy pattern recognition and marking 

skills [3,20]. A study by Arzola et al. [21], demonstrated 

that when US imaging acquisition and marking was 

performed by relatively inexperienced providers, there 

was no benefits to the use of this technology. Our study 

controlled for the experience of the sonographer, and it 

confirms an overall improvement in block insertion 

efficiency. As noted in Table 2, all LOT benefited from 

the use of US, yet this observation does not account for 

the weight experience may carry. The regression 

analysis (Table 3) suggests that only the most 

experienced providers (LOT4) were able to decrease 

their number of needle passes with and without the use 

of US. These results suggests that LOT4 providers can 

make accurate anatomical determinations of midline and 

needle adjustments with and without US guidance, a 

finding that agrees with previous studies that suggest 

minimal benefit for the use of US when experienced 

providers perform the block [12]. 

Additionally, we found that the depth from skin to epidural 

depth was able to be estimated using handheld US 

within 0.46 cm. The mean and confidence intervals for 

the difference between needle depth and estimated US 

depth described in our study are in agreement with those 

previously cited in several studies [7,10,19,22]. Our 

findings also confirm that the estimated depth by US 

tends to underestimates the actual needle depth 

[3,7,21,23]. This discrepancy can be explained by a 

divergence between the US beam and the needle 

trajectory, soft tissue compression with the US probe, 

skin deformation by the needle, and inadvertent deviation 

of the needle from midline [4,10]. Overall, this technical 

limitation may provide an additional margin of safety for 

the provider [7]. 

Our study presents several limitations, the prospective 

and non-randomized study design may have predisposed 

to selection bias. The recording of the times and number 

of needle passes and attempts were recorded by a third 

person not involved in the care of the patient to limit data 

collection bias. Performer bias cannot be ruled out, it is 

possible that residents performed faster blocks in the US 

group thinking that this was the expected result, on the 

other hand LOT4 group may have skeptically 

approached the US markings. This may explain that 

overall LOT3 were faster than LOT4 when US was 

utilized. It is also possible that the most experienced 

providers (LOT 4), may have been requested to do 

blocks more for patients with suspected poorly palpable 

anatomy (e.g., history of a previous difficult block). Other 

limitations include classification of patients according to 

their anatomy (e.g., palpable versus poorly palpable). 

Another important limitation is that the needle depth was 

estimated, not measured. Lastly, we did not document 

early or late failed labor epidural which could have added 

information regarding the benefits or lack thereof for the 

use of US in establishing neuraxial analgesia. 

In conclusion, the use of US in our study resulted in a 

decrease in the procedural time, and number of needle 

passes and attempts needed to locate the epidural 

space. These benefits were less evident when the 

blocks were performed by the most experienced 

provider, particularly in terms of procedural time. Our 

Predictors Estimates  

(Confidence interval) 

p-value 

Needle passes     

Intercept* 3.18 (2.56 – 3.80) <0.001 

BMI 0.03 (0.00 – 0.06) 0.033 

LOT4 -1.39 (-2.16 - -0.061) <0.001 

US -1.75 (-2.62- -0.89) <0.001 

US and LOT4 1.17 (0.06 – 2.28) 0.039 

Needle attempts     

Intercept* 1.80 (1.47 – 2.14) <0.001 

US -0.51 (-0.97 - -0.04) 0.032 

Block time in seconds     

Intercept* 361.17 (254.39 – 

467.95) 

<0.001 

BMI 4.89 (0.20 – 9.58) 0.041 

US -154.67 (-303.49 - -5.85) 0.042 

* Level of training 2 – residents with at least 2 years of 
clinical experience were defined as the intercept. BMI – 
body mass index; LOT4 – anesthesiology provider with 
at least 4 years of experience (e.g., Attending, fellow) 
or Certified Registered Nurse. 

Table 3. Summary of the statistically significant 
predictors noted on the regression analysis.  
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study confirms that the use of handheld US, is a portable 

alternative to cart-based devices, and can be a useful 

tool in neuraxial anesthesia placement in a busy tertiary 

care center. Although our results regarding accuracy of 

depth are limited, our results suggest that the handheld 

US can provide information regarding depth within the 

previously cited margin of accuracy for cart-based and 

other handheld devices. Further studies are needed to 

assess handheld US guided epidural anesthesia’s impact 

on failed labor epidural rate and patient satisfaction.  
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Introduction 

The SARS-CoV-2 pandemic accelerated the use of 

telehealth with consumer adoption increasing from 11% 

in 2019 to 46% in 2020 [1,2]. A telehealth visit often 

replaced an in-person office visit for infection control and 

safety to the patient and healthcare team. Telehealth, the 

use of technology for remote medical encounters, can be 

an efficient way to connect doctor and patient 

synchronously or asynchronously. “Store and forward,” a 

form of asynchronous telemedicine utilizes uploaded 

pictures by patients for evaluation by a clinician. This aids 

the patient evaluation and improves the diagnostic 

capacity of a virtual examination [3]. A systematic review 

of meta-analyses from 2010 to 2019 demonstrated that 

telehealth can be equivalent or more clinically effective 

when compared to routine care [4]. One study showed 

that a caregiver can assist with the telehealth encounter 

when technology, education, or aptitude is a concern and 

the patient cannot manage the technology and imaging 

functioning themself. Similarly, family member 

engagement in the telehealth encounter helps with a 

physical examination under clinician guidance [5]. 

Over the past 20 years, point of care ultrasound 

(POCUS) has proven to be an error-reducing tool, 

improving diagnostic accuracy for a variety of conditions 

[6-8]. Large, heavy, and difficult to operate ultrasound 

Research 
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Objectives: This pilot study aims to determine if patients untrained in performing ultrasound can self-scan to obtain 

images under remote clinician teleguidance during a simulated telehealth encounter. This study also seeks to describe 

the patients’ comfort level and barriers to performing an ultrasound examination on themselves using a handheld 

ultrasound device. Methods: This was a single center prospective observational cohort study conducted over a 4-

month period in 2021. Patients were eligible if they had no prior training in the use of ultrasound and in the use of 

teleguidance. They voluntarily consented to participate at a single ambulatory internal medicine clinic. Results: 20 

participants were enrolled and underwent teleguidance to ultrasound their own skin and soft tissues at the antecubital 

fossae. Six second video clips were evaluated by 2 subject matter experts using the Point of Care Ultrasound Image 

Quality scale. A score >7 was considered adequate for diagnostic interpretation. The average score was 10.15/14, with 

a minimum score of 5/14, and maximum score of 14/14 and a standard deviation (SD) of 2.39 using a two tailed Z-

score. Setting alpha at 0.05 the 95% CI was (5.47-14.83). Conclusion: In a pilot study of 20 participants with no 

ultrasound experience, untrained healthy volunteers were able to perform technically acceptable and interpretable 

ultrasound scans using teleguidance by a trained clinician. 
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systems have been replaced by smaller, portable, and 

more affordable POCUS devices, which connect to a 

smartphone or a tablet. Advances in this portable 

technology make ultrasound more available to clinicians 

and patients in a variety of practice environments. As 

technology continues to improve, these hand-held 

ultrasound devices (HUS) will be ubiquitous and 

affordable to clinicians and patients. Telehealth 

physicians are primed to begin incorporating POCUS 

imaging into patient encounters to expand diagnostic 

capabilities. Studies of patients infected with SARS-CoV-

2 suggest that trained patients can scan their own lungs 

[9]. Some HUS devices have a teleguidance feature, 

which allows real-time clinician guidance over video to 

assist the patient in image acquisition [10,11]. Artificial 

intelligence (AI) has also been developed for some HUS 

devices to assist novice sonographers in image 

acquisition [12]. To date, it has not been determined how 

HUS can effectively be integrated to support the 

evaluation and diagnostic accuracy during a telehealth 

visit. 

Sargsyan et al. studied the focused assessment with 

sonography for trauma (FAST) examination performed by 

astronauts with remote guidance with excellent clinical 

results [13]. Jensen et al. evaluated the practical 

feasibility, performance, and acceptability of real-time 

supervision of tele-ultrasound. The authors found that 

distant supervision was feasible for both junior physicians 

and supervisors when applied to lung and cardiac 

ultrasound [14]. These studies support that POCUS can 

be incorporated into a telemedicine program under the 

real-time guidance from POCUS experts [15]. One case 

report described a patient infected with SARS-CoV-2. His 

clinicians monitored him from home based upon self-

performed lung ultrasound examinations using a HUS 

device [16]. 

With the increased utility of telehealth and patient 

engagement with the use of HUS, we hypothesized that 

a POCUS trained clinician can remotely guide a patient 

to acquire clinically useful ultrasound images by self-

scanning during a telehealth encounter.  

Skin and soft tissue infections including cellulitis and 

abscesses account for nearly 4.2 million emergency 

department visits annually [17]. Clinicians evaluate soft 

tissue infections with visual inspection of the affected 

area for erythema, warmth, swelling and edema, followed 

by palpation of the area for warmth and fluctuance, 

suggesting an abscess or phlegmon. While the former 

may be indicative of cellulitis and be treated 

conservatively with antibiotics, abscesses may require an 

incision and drainage procedure for adequate source 

control. Studies show that POCUS aids in the accurate 

differentiation of cellulitis and abscess [18]. The POCUS 

examination is typically straightforward where an affected 

part of the body is evaluated in two planes. An 

examination is then performed for comparison on the 

opposite side. The clinician looks for a cobble stoning 

pattern in the subcutaneous tissue concerning for 

cellulitis and a heterogeneous irregular bordered 

collection of fluid pattern suggestive of an abscess. 

Therefore, a single POCUS application, skin and soft 

tissue scan (STSS), was selected for this pilot study 

because cellulitis and abscess formation are common 

concerns prompting a visit for evaluation and because 

the examination tends to be straightforward. 

Materials and Methods 

This was a prospective observational cohort study 

conducted from March to June 2021 at the Jefferson 

Internal Medicine Associates (JIMA) clinic in 

Philadelphia, PA. JIMA is an academic Internal Medicine 

primary care clinic with approximately 35,000 patient 

visits annually. The study was approved by the 

institutional review board committee. 

Selection of participants 

Participants were drawn from patients with scheduled 

primary care visits at JIMA clinic. The principal 

investigator (PI = AS) attended a meeting with the 

primary care faculty and introduced the study with a 

request for assistance with patient enrollment. Each 

week, the JIMA physicians were contacted by the 

primary investigator (AS) via email. The email served as 

a reminder for the clinicians that the study was open for 

enrollment. At the end of the visit the JIMA doctor pre-

screened healthy patient volunteers for enrollment. 

Patient inclusion criteria were: English speaking, age 

greater than 18, willing to participate and able to consent. 

The following patients were not eligible for inclusion: 

unstable vital signs, a rash over the area of interest, 

prisoners, and patients with HUS, POCUS, or 

teleguidance experience. The primary care physician, at 

the end of their regularly scheduled patient visit, would 

introduce the study opportunity. Interested participants 

were escorted to a simulated telehealth space within the 

clinic for consent and enrollment. The PI then confirmed 

that the patient met inclusion criteria and obtained written 

consent. Demographic variables were not collected. 

POCUS application 

Five subject matter experts met and discussed a POCUS 

application felt to be straightforward for teleguidance. 

This application would serve as the example for the 

study. After three discussion sessions, the SSTS 

application was selected by consensus. The group 

decided that the medial forearm in the antecubital fossa 

area would serve as the anatomic region for patients to 

self-scan.  
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HUS Equipment 

A Philips Lumify L12-4 Broadband linear array transducer 

(Koninklijke Philips N.V.) and a Samsung Galaxy Android 

tablet S6 (Samsung Electronics Co., Ltd.) constituted the 

HUS device. The Lumify SSTS application was pre-set, 

with gain and depth adjusted. For teleguidance, we used 

the REACTS (Remote Education, Augmented 

Communication, Training and Supervision) software 

(Innovative Imaging Technologies). This real-time, 

secure audio/video software enables a clinician to 

remotely guide another user performing a POCUS 

examination.  

Scanning protocol 

The authors developed a standardized script when 

communicating with the participants. In the telehealth 

simulated room, the PI  handed the HUS device to the 

participant and activated the REACTS application. Then 

the PI left the patient and moved to a separate location in 

the JIMA clinic. The PI started the session by making 

sure that the audio and visual were clear and by 

introducing the participants to the ultrasound probe. The 

PI guided the participant on how to apply gel to the 

probe, identify the probe marker and how to apply the 

probe to their own body. The participant was then, 

visually instructed to apply the transducer at the 

antecubital fossa and to slide the probe proximal and 

distal in the transverse position. Once that step was 

successful the participant was instructed to annotate 

(label) the ultrasound images (right or left, transverse or 

longitudinal). After the annotation, the participant was 

directed to press the record icon on the Samsung tablet 

to save a 10 second video clip. Participants performed 

self scan imaging of the right and left antecubital fossa in 

transverse and longitudinal planes. Participants were not 

taught or expected to adjust depth or gain (Video S1 and 

Video S2). The images were saved in a de-identified 

manner to the Samsung tablet and subsequently 

uploaded to a secured shared server at Thomas 

Jefferson University Hospitals.  

Outcome measures 

The quality of the archived images was evaluated by two 

POCUS physician experts. They were not involved in 

participant enrollment and were blinded to each other's 

scores. They used a scoring system adapted from 

Dessie A, et al. to quantify the quality of the images [19]. 

The scoring system consists of 3 categories: 1) technical 

(probe choice, depth, gain), 2: scanning skills (probe 

control, anatomy/ landmarks), and 3) interpretability 

(labeling and completeness). For each subcategory the 

expert assigned a score of Poor (0 point), Adequate (1 

Point), or Ideal (2 point). Fourteen (14) was the highest 

score possible. A score of <7 was considered an 

inadequate study. The start time began the moment the 

participant established teleguidance with the PI. The end 

time was the moment the PI discontinued the 

teleguidance. Individual scores were collected through 

RedCap and calculated automatically. Participants were 

asked for feedback, and this was noted by the enrolling 

clinician. A descriptive statistical analysis was generated, 

and a two tailed Z score was calculated to measure the 

confidence interval (CI) of the average score. Finally, a 1 

tailed t-test was calculated to compare the average score 

between the two evaluators. 

Results 

Twenty-two participants were referred by the JIMA 

physicians. Two participants did not meet inclusion 

criteria and were excluded due to prior POCUS 

experience. Twenty final participants performed 

teleguided self-scanning. The two POCUS credentialed 

evaluators (AA, FMW) reviewed all images for the 20 

participants.  

The L12-4 Broadband linear array transducer was used 

by all the participants and received an ideal score 

representing 100%. With regard to depth the majority 

62.5% had an ideal depth. The preset for gain was 

already set to soft tissue study, 20% had adequate gain 

for visualization of the area of interest and 80% had an 

ideal gain setting. Probe control was excellent in 30%, 

fair in 35% and poor in 35% of studies evaluated. 

Anatomy landmark recognition was excellent in 35%, fair 

in 52.5%, and poor in 12.5% of studies. Participant 

labeling was ideal in 45%, adequate in 42.5%, and poor 

in 12.5% of clips. For the completeness of viewing all 

clips 47.5% were ideal, 37.5% were adequate, and 15% 

were poor (Table 1). 

The average duration spent scanning was 10.6 minutes 

with a minimum of 5 minutes and a maximum of 20 

minutes (Figure 1). 

The average total score was 10.15/14, minimum score 

5/14, and maximum score 14/14 with a standard 

deviation (SD) of 2.39. Using a two tailed Z-score, setting 

alpha at 0.05 the 95% CI was (5.47-14.83).  

For evaluator 1 the average score was 11.2/14 with a SD 

2.11 and a 95% CI was (7.04-15.35). Evaluator 2 had an 

average score of 9.1/14; SD 3.14 and a 95% CI was 

(2.93-15.26). The results indicated a statistically 

significant difference between the mean scores of 

evaluator 1 and evaluator 2, as determined by a one-

tailed T-test with a P value of 0.0005 (Figure 2).  

Participants' provided feedback predominantly about the 

challenge of labeling the images. One participant felt the 

gel was difficult to apply. One participant commented that 

the application would be easier for a younger generation. 

Another participant forgot their eyeglasses. And finally, 
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one patient was hard of hearing and found teleguidance 

difficult. Anecdotally, participants expressed excitement 

about the technology. They expressed optimism that 

POCUS examinations performed with the assistance of 

teleguidance had promise to augment patient care. 

Discussion 

The primary aim of this study was to determine whether 

participants with no POCUS or teleguidance experience 

could perform an adequate and interpretable STSS of 

the antecubital fossae. We found that 85% of participants 

were able to obtain adequate images using the POCUS 

Image Quality Assessment Tool [19].  

The SARS-CoV-2 pandemic accelerated the use, 

acceptance, and necessity for telehealth [20]. The use of 

POCUS has been utilized by emergency physicians for 

three decades [21], allowing minimally invasive, quickly 

gathered information to improve diagnostic accuracy. 

The use of ultrasound by patients could enhance 

telemedicine care by improving evaluation and 

diagnostics, with studies showing feasibility with 

teleguidance.  

It was previously observed that participants younger than 

80 years old who use the internet daily can obtain 

ultrasound images with minimal instruction [22]. In our 

study, one participant noted that the application might be 

easier for a younger generation with more exposure to 

tablets and their associated application software. The 

average scan time duration of 10 minutes was thought to 

be reasonable and was acceptable to the participants.  

Figure 1. Line graph demon-

strating the amount of time 

for each participant teleguid-

ance encounter. In this fig-

ure, time in minutes is plot-

ted along the Y axis. The 

participant is plotted on the 

X axis (n = 20). Participant 1 

is the first patient enrolled. 

Participant 20 is the last pa-

tient enrolled. The encoun-

ters took an average of 10.6 

minutes. The shortest en-

counter took 5 minutes. The 

longest encounter took 20 

minutes. 

Figure 2. Scatter plot of 

each participant with their 

corresponding score for 

image quality of POCUS 

obtained via teleguid-

ance. A maximum of 14 

possible points could be 

obtained. Blue represents 

Evaluator 1. Red repre-

sents Evaluator 2. The X 

axis illustrates a partici-

pant with random assign-

ment from 1 to 20. The Y 

axis represents the total 

score assigned by the 

evaluator. 
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Overall, these results suggest that HUS can be used by 

untrained participants over a telehealth encounter with 

instruction. Teleguidance has the potential to enhance 

remote care and improved access for patients in rural or 

resource limited and disaster areas. Teleguidance can 

also be utilized during telemedicine encounters to assist 

an untrained clinician to obtain ultrasound images for 

consultation and education. Further studies are needed 

to evaluate if patient-performed HUS studies are 

attainable for diagnostic utility. Such findings might 

suggest an expansion of ultrasound training and 

instruction in tele guidance.  

In conclusion, participants in this pilot study were able to 

obtain adequate SSTS, utilizing HUS with teleguidance 

by a POCUS trained physician. This practice could prove 

valuable in telemedicine evaluations and diagnoses.  

Limitations 

There are several limitations to this pilot investigation. 

This was a single center study and the participant 

enrollment was small in number and performed by one 

clinician. Participants were not randomized. Since skin 

and soft tissue ultrasound was the one application 

tested, the patient self-scan may not be generalizable to 

other ultrasound applications. It is unclear why the 

evaluator scores differed. Future studies could include 

more evaluators or more participants to see if this is a 

true discrepancy. In addition, more time could have been 

dedicated to educating the evaluators. Participants were 

observed to scan quickly over the anatomic area of 

interest despite instructions to move the probe slowly. All 

studies were of normal soft tissue. It is unclear how well 

patients would be able to self-scan over an affected area 

of cellulitis or abscess. 

 Although the average time to perform the POCUS 

examination  was 10 minutes, it is not clear how this 

would affect the workflow of a telemedicine encounter. 

This study also made use of a simulated telemedicine 

encounter without the barriers of connectivity, devices, or 

ability to upload images. If telemedicine encounters and 

Table 1. Graded image quality of point of care ultrasound examinations obtained via teleguidance. Two POCUS ex-
pert clinicians scored the images for N = 20 participants. The quality scoring system falls into three categories: Tech-
nical, Scanning skills, and Interpretability.* 

Technical 

Inadequate Adequate Ideal 

1- Probe choice 0 0 100% 

2- Depth 10% 27.5% 65.5% 

3- Gain/preset 0 20% 80% 

Scanning Skills 

Poor Fair Excellent 

1- Probe control 35% 35% 30% 

2- Anatomy Landmarks 12.5% 52.5% 35% 

Interpretability 

Inadequate Adequate Ideal 

1- Labeling 12.5% 42.5% 45% 

2- Completeness 15% 37.5% 47.5% 

*Permission granted from Almaz Dessie MD (6/3/2021) [19]. 
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HUS are used at home, further studies on home 

encounters are needed. Future investigations are 

needed with a larger sample size and more evaluators.  
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Introduction 

Over the last 15 years, point of care ultrasound (POCUS) 

has emerged as one of the most important and most 

utilized tools in pediatric emergency medicine (PEM) 

[1,2]. What was initially used as a screening tool in the 

assessment of major traumas to help determine the 

requirements for further investigation or management is 

now used in over 40 clinical applications including the 

assessment of intra-abdominal hemorrhage, cardiac 

views to assess function and fluid, the identification of 

testicular torsion and the evaluation of  skull fractures [1], 

to list a few.  

In PEM, the main modality used to urgently investigate 

children presenting with acute symptoms or signs 

consistent with brain injury and/or other pathology is 

unenhanced computed tomography (CT) of the head. 

Although CT provides clear and accurate results, it is 

accompanied by several downsides. First, CT uses 

ionizing radiation that in children has been associated 

with increased risk of secondary malignancy [3]. This is 

especially true in young children whose tissues are 

particularly vulnerable to radiation [3]. Second, CT can be 

resource-intensive, especially in the middle of the night, 

when CT technicians and radiologists may not be readily 

available in hospital, which can lead to delays. Finally, 

some patients need to be sedated to transfer safely to CT 

and to acquire high quality images, exposing these 

patients to the additional risks of sedation. In contrast, 

POCUS is readily available at the bedside without delays 

and many PEM physicians are already comfortable using 

it for a wide variety of applications [4]. Physicians can 

repeat the assessment as often as clinically indicated as 

it imparts no radiation risk and requires no sedation or 

Research 

Abstract 

Background: Point of Care Ultrasound (POCUS) is an important tool in pediatric emergency medicine. In neonatal 

intensive care medicine ultrasound is often used to evaluate the brains of sick neonates. In theory, POCUS could be 

used in the ED in young children to evaluate the brain for abnormal pathology. Objectives: To examine the ability of 

PEM faculty to use brain POCUS to identify clinically significant brain injuries in children with head injuries and/or 

abnormal neurological exams, and generate sensitivity and specificity of brain POCUS in assessing such findings. 

Methods: This study used a convenience sample of patients seen in a tertiary care pediatric centre who required a CT 

head. A team of physicians who were trained at a workshop for brain POCUS were on call to perform the POCUS 

while being blinded to the results of the CT. Results: 21 children were enrolled in the study. Five (24%) of the patients 

had a CT that was positive for intracranial bleeds.  Of the 5 patients with a positive CT, 3 had a brain POCUS scan that 

was also positive. The two false negative brain POCUS scans were on patients with small bleeds (no surgical 

intervention required) on CT, as reported by radiology. The sensitivity of brain POCUS was 60% (CI 15% - 95%) with a 

specificity of 94% (CI 70%-100%).  The diagnostic accuracy of brain POCUS was 86% (CI 64% - 97%). Conclusion:  

This small proof of concept study shows that brain POCUS is an imaging modality with reasonable sensitivity and 

specificity in identifying intracranial pathologies that are present on CT. Its use may be most beneficial to expedite 

definitive imaging and subspeciality involvement. 
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patient transportation. Finally, POCUS provides 

information immediately to the treating physicians which 

streamlines care, decreases length of stay, and 

increases patient satisfaction [1]. 

In neonatal intensive care, POCUS brain (described as 

cranial ultrasound in the neonatal literature) has become 

the primary imaging modality to evaluate intracranial 

pathology for many of the same reasons noted above [5]. 

POCUS is preferred over other modalities like MRI 

(considered the gold standard) or CT, (rarely used due to 

radiation) because POCUS offers  ease of use and 

portability to the bedside of often critically ill neonates for 

whom moving or sedating them for alternate imaging 

proves potentially dangerous [5]. Furthermore, it has 

been shown in the neonatal literature to have high 

sensitivity and specificity for detecting intracranial 

pathology when compared to post-mortem examination 

of the brain [5]. 

The use of brain POCUS in the emergency department 

setting has been largely unstudied. There have been two 

studies published thus far in the literature that examine 

the use of brain POCUS as a point of care modality in the 

setting of trauma. The first study published by Elkunovich 

et al, was a retrospective study looking at brain POCUS 

versus CT [3] and a second study published by 

McCormick et al. looked at infants under two years of 

age presenting with closed head trauma and positive CT 

findings [6]. To date, no one has attempted to see if brain 

POCUS can be used in the emergency department to 

evaluate the brain of children presenting with head 

trauma and/or abnormal neurological exams.  

In this pilot study, our primary aim was to examine the 

ability of brain POCUS to identify clinically significant 

brain injuries as defined by the Pediatric Emergency 

Care Applied Research Network (PECARN) as traumatic 

brain injuries that require neurosurgical intervention, 

intubation, hospital admission, or result in death [7]. Our 

secondary aim was to determine the sensitivity and 

specificity of brain POCUS in our population of children 

<15mo. compared to CT.  

Methods 

Setting/Study Population 

This was a prospective feasibility study using a 

convenience sample of patients seen in the ED at an 

academic tertiary care pediatric hospital over a 2-year 

period. This hospital has an annual ED census of over 

72,000 Patients. Over the last five years there has been 

an average of 30-50 children per year under the age of 

two who have undergone a CT of their head from the ED 

to evaluate for acute intracranial pathology secondary to 

trauma or infection. All pediatric emergency physicians 

who were POCUS-trained were invited to participate in a 

two-hour POCUS brain workshop, designed with 

expertise and input from a NICU staff physician (NBF), 

who is formally trained in ultrasound. The brain POCUS 

protocol and study parameters were discussed during the 

workshop and there was opportunity for hands-on 

practice on infants. The ethics review board at this 

hospital reviewed and approved all aspects of this study.  

Please seen appendix 1 for full details of POCUS 

training.  

Data Collection  

All children <15 months of age presenting to the 

Emergency Department with head trauma or abnormal 

neurological signs and symptoms deemed to require a 

CT head by the treating ED staff physician were eligible 

to participate in the study. After enrollment and informed 

consent, each child that the treating physician sent for 

CT head also received a brain POCUS scan when a 

member of the brain POCUS team was available. The 

lead brain POCUS physician (SD) was on call for the 

department evenings and weekends most days of the 

month. The physicians performing the brain POCUS 

were blinded to the results of the CT head. The brain 

POCUS team physician then recorded whether they saw 

any abnormalities on a standardized form 

(Supplementary Appendix 1). This form also contained 

demographic information as well as other measures like 

the size of the fontanelle.  After the results were compiled 

the lead author would review the CT formal reports and 

record any differences between the findings from the 

POCUS brain documentation and the formal CT 

radiology report (e.g., bleeds). Both the CT and brain 

POCUS images were then read by the radiologist on our 

team to ensure quality of the brain POCUS images as 

well as to see if additional findings on brain POCUS were 

missed by the performing physician. The radiologist was 

blinded to the results of the CT until analysis of the brain 

POCUS results were documented.  

Statistical Analysis 

Sensitivity and specificity were calculated using the 

positive and negative findings reported on brain POCUS 

versus those formally reported on CT. Positive and 

negative predictive values were obtained similarly. The 

diagnostic accuracy was calculated comparing the 

positive findings on CT and the positive findings on brain 

POCUS. The kappa coefficient was calculated using the 

positive and negative reported findings on brain POCUS 

by the brain POCUS physicians and compared to the 

findings as reported by our radiologist who interpreted 

the brain POCUS results.  

Results 

During the study period 21 children were enrolled. The 

mean age was 3 weeks and half of the patients were 
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female. The most common indication for patients to 

receive a head CT was for trauma. The other indications 

were primarily for abnormal neurological exams. 95% of 

the patients were thought to have an open fontanelle by 

palpation, but we were able to obtain coronal and sagittal 

views in 100% of the patients enrolled through the 

anterior fontanelle window (Table 1). 

Overall, 18 (86%) of the CTs performed in our study 

population had a positive finding, though most were not 

necessarily of clinical significance. Five patients (24%) 

had a positive CT that showed a skull fracture. Five 

(24%) of the patients had a CT that was positive for 

intracranial bleeds. The remainder of the positive CT 

findings (8/18) were for incidental findings like ethmoid 

opacification, asymmetrical ventricles, or prominence of 

the extra-axial space etc. (Table 2). Of the five patients 

with CT that had significant findings (intracranial bleeds), 

3 had a brain POCUS scan that was also positive. Two 

patients had false negatives on brain POCUS where CT 

revealed small bleeds. The first was an extra-axial 

hemorrhage in the occipital area and the second had a 

small subdural hematoma in the parietal region.  Among 

the study patients, there was one patient who had a false 

positive scan by brain POCUS for a bleed not seen on 

CT. 

The sensitivity of brain POCUS using only the clinically 

significant positive CT scans for bleeds was 60% (95% 

confidence interval [CI] 15%-95%) with a specificity of 

94% (CI 70%-100%). The positive predictive value and 

negative predictive value were 75% (CI 19%-99%) and 

88% (CI 64%-99%) respectively. The diagnostic 

accuracy of brain POCUS was 86% (CI 64%-97%). 

When the radiologist reviewed all the images obtained by 

the clinician there was overall agreement of 86%. There 

were 4 instances (19%) where the POCUS clinician was 

able to identify positive pathology that were not visible to 

the radiologist on repeat analysis of the POCUS brain 

images. The inter-rater reliability was 35% (CI 17%-97% 

p=0.05). 

Discussion 

In this study we were able to demonstrate that brain 

POCUS can identify intracranial abnormalities in children 

under 15 months of age. All of the children in this study 

that had ICH identified on CT/POCUS brain were 

admitted to hospital for observation, thus meeting the 

PECARN definition of clinically significant injury. None to 

our knowledge required neurosurgical intervention. The 

most common indication for obtaining a scan where a 

patient had a positive brain POCUS result was trauma in 

assessing for intracranial hemorrhage (Figure 1, Figure 

2). Additionally, the most common non-fracture positive 

result on CT was intracranial hemorrhage.  This study did 

not look at skull fracture on POCUS as this has been 

previously studied and has shown to have good 

sensitivity [8]. Although still a rare event, we had a 

relatively high percentage of patients with a positive CT 

for hemorrhage and of those, brain POCUS was positive 

in most cases. Two patients had a positive CT scan but a 

negative brain POCUS. The first patient had a small 

occipital extra-axial hemorrhage, as reported by 

radiology that was not seen on POCUS brain. The 

second patient had a small subdural in the parietal 

region. These cases highlight some of the limitations of 

brain POCUS when assessing the convexities of the 

head, which are hidden due to boundaries in the 

sonographic window. None of the extra-axial 

hemorrhages had a mass effect over the adjacent brain 

Characteristic: Result: 

Age (weeks): Mean (SD)
[range] 

3.1 (2.8) [0.5, 13] 

Sex: 11 F (52%), 10 M (48%) 

Indication for CT/POCUS: 76% (16/21) Trauma 

14% (3/21) Abnormal Neuro-
logical exam (e.g., Abnormal 
eye movement, seizure etc.) 

5% (1/21) Cephalohemato-
ma 

5% (1/21) Subgaleal Hema-
toma 

Anterior Fontanelle open by 
palpation: 

95% (20/21) 

Images obtained (%) 100% 

Table 1. Participant characteristics (n=21).  

Findings Number of positives (%) 

Positive CT findings overall 18 (85.7) 

Positive CT for fracture only 5 (23.8) 

Positive for Bleed 5 (23.8) 

Positive for incidental find-
ings 

8 (38.1) 

• Ethmoid sinus opacifica-
tion (2) 

• Inflammatory changes in 
the maxillary and ethmoid 
sinuses 

• Subgaleal hematomas (2) 

• Asymmetrical ventricles (2) 

• Mild prominence of the 
extra-axial space in frontal 
regions 

Table 2. Positive findings on CT. 
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parenchyma. None of the patients that had a false-

negative brain POCUS underwent surgical intervention.  

All patients with intracranial hemorrhage were admitted 

to our hospital for observation by the neurosurgical team.  

Most infants with head trauma that have not returned to 

baseline (more irritable, tired, poor feeding etc.) will be 

admitted to hospital regardless of imaging findings for 

observation as is our protocol at our institution. 

The main barrier to routine use of brain POCUS in the 

ED is the patency of the anterior fontanelle, which serves 

as the necessary acoustic window. The anterior 

fontanelle is patent in more than 75% of infants at 12 

months with a steady decline in patency over the next 

year and only 10% of infants having a patent fontanel by 

the age of 2 [9]. Furthermore the view through the 

anterior fontanelle alone limits views of the infratentorial 

structures including the cerebellum [10]. This is 

overcome by using the mastoid fossa as a second 

acoustic window to examine fully the brain of the infant/

neonate.[10,11]. Despite this view being used in the 

neonatal literature, we did not detect any abnormalities 

with this view, and in most children >4 weeks old, the 

opacification of the mastoid limited anatomical views 

significantly.  

When developing this study, we decided to have a 

radiologist over-read all our brain POCUS images. We 

anticipated that the radiologist might be able to pick up 

subtle findings on brain POCUS that may not have been 

diagnosed by the clinician. Although the radiologist found 

the images obtained were of sufficient quality, he was not 

able to see all the positive findings attained by the 

POCUS brain clinician. This may have been for several 

reasons, but is likely because POCUS is dynamic, and 

the clinician cannot be blinded to the patient’s clinical 

status (e.g., knowing where the injury is on the head, 

may help to focus on where to look for findings on 

POCUS). They may be in a better position to read the 

images than someone not involved in the care who only 

has select clips or images. As a result, the inter-rater 

reliability was lower than anticipated, but arguably could 

have been predicted due to different clinical 

circumstances between the ER physician and radiologist. 

This further highlights the added benefit of POCUS; it 

allows one individual to do multiple tasks that normally 

depend on many specialists. This increases efficiency 

and may improve workflow.  

Literature on the use of POCUS to identify intracranial 

anomalies is limited despite emergency room physicians 

expanding its use. A recent study by Subramaniam et. al. 

reviewed the use and technique of transfontanellar 

sonography in the emergency department to identify 

hydrocephalus and highlights its importance as an easy 

to learn technique as well as a quick and accurate 

modality [12]. Several other studies have retrospectively 

looked at POCUS of the brain and compared it to the 

findings on CT. Elkhunovich et. Al. completed their study 

reviewing the sensitivity and specificity of POCUS brain 

in conjunction with CT or MRI done for infants presenting 

to hospital with suspected intra-cranial hemorrhage [3]. 

Although this study was performed retrospectively and 

Figure 1. brain POCUS of a patient with a subdural 

hemorrhage, coronal view. 

Figure 2. CT of the same patient with a subdural hemor-

rhage. 
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POCUS brain was not being done with the direct purpose 

of looking acutely for intracranial pathology, they found a 

similar sensitivity at 67% and specificity of 99% [3]. In a 

non-blinded study, McCormick et. al performed a 

prospective study where POCUS was used after positive 

CT showed evidence of hemorrhage [6]. This study only 

had 12 patients, 4 of whom had CT imaging done for the 

direct purpose of evaluating for ICH.  

To our knowledge, our study is the first to prospectively 

perform brain POCUS and compare it to CT on patients 

presenting to the ED. This study is the only study to 

capture the use of POCUS for the brain used in the same 

context that other ED POCUS modalities are used for: to 

attain additional information about a patient that can help 

determine diagnosis or disposition. We limited our brain 

POCUS scans to be done within a 2-hour time frame on 

either side of the CT scan to not favourably bias brain 

POCUS if a bleed progressed and therefore would have 

been easier to see several hours later. Further, we had 

PEM POCUS trained staff performing the brain POCUS 

in the clinical setting which is how POCUS is used every 

day in the ED. Unlike CT, POCUS brain can be repeated 

as many times as necessary to further evaluate the 

patient if there is a clinical need. This may be useful, 

particularly in PECARN intermediate risk patients who 

require a period of observation. As both CT and POCUS 

brain can be falsely negative if performed too early after 

a bleed, this would be a safe and efficient way to repeat 

imaging over time.  

The limitations of our study include that most of the brain 

POCUS scans were performed by the primary 

investigator (SD). We also had a very high CT positivity 

rate which is much higher than the published positivity 

rates of 3-5% [3] and this may have led to selection bias.  

Halfway through our study our department upgraded our 

POCUS machine resulting in much better-quality images.  

This may have affected the false negative rate in the first 

year of this study and may speak to the potential that 

newer machines, with better technology, could improve 

the results of studies like ours. Lastly, there were no 

positive findings in our study that were picked up in the 

mastoid view. This could be from lack of experience 

using this acoustic window, or decreased sensitivity of 

this view in our patient population. Further studies may 

be required to further elucidate this difference.  

Conclusion 

This study shows that brain POCUS is an imaging 

modality with reasonable sensitivity and specificity in 

identifying intracranial pathologies that are present on CT 

in the ED setting. Its use would be most beneficial to 

expedite definitive imaging and subspecialty involvement, 

and for patients that have had a clinical change during a 

period of observation. For example, an infant that 

presents with decreased level of consciousness in an ED 

in whom a bleed is picked up on brain POCUS could 

have the neurosurgical and intensive-care physicians 

notified of their status while awaiting CT which could 

potentially expedite definitive management. Future 

research should be aimed at multicentre studies that 

could further elucidate the precision of POCUS brain in 

the setting of young infants presenting to the ED. 
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Introduction 

Intracerebral  hemorrhage (ICH) results in spontaneous 

bleeding into the brain. In the United States, it accounts 

for 10-15% of all strokes [1]. It is associated with very 

high morbidity and in-hospital mortality of 32.4% [2]. In 

adults, the intracranial compartment is protected by the 

skull. The contents of the intracranial compartment 

include brain parenchyma, cerebrospinal fluid, and blood. 

Homeostasis of all three components is required to keep 

intracranial pressure less than 15mmHg. In an ICH, 

additional blood is now enclosed in the cranium which 

can apply pressure to normal structures of the brain. 

Additionally, cerebral edema will occur through a variety 

of mechanisms including cytotoxic cell injury that will 

cause further compression on normal structures. The 

neurological physical exam is crucial in detecting cerebral 

edema, particularly compression of the brain stem, which 

regulates most of the body's automatic functions that are 

essential for life. Hence, the rapid diagnosis of increased 

intracranial pressure is crucial for diagnostic and 

therapeutic purposes in this population. The optic nerve, 

also known as cranial nerve II, transmits visual 

information from the retina to the brain. The optic nerve is 

surrounded by the optic nerve sheath, which is directly 

linked to the intracranial subarachnoid space. An 

increase in intracranial pressure (ICP) causes cerebral 

spinal fluid to move from the intracranial cavity into the 

optic subarachnoid space, thereby resulting in distension 

of the optic nerve sheath and widening of its diameter [3]. 

Given this physiologic relationship, our team was 

interested in determining if there was a direct correlation 

Research 

Abstract 

Background: Intracerebral hemorrhage (ICH) is associated with high morbidity and mortality. ICH causes increased 

intracranial pressure (ICP), leading to brain herniation as the disease progresses. Neurological physical exam and 

monitoring of the disease progression can be challenging due to the impaired consciousness and routine clinical 

management in this patient population. Given the continuity of the intracranial cavity with the optic nerve subarachnoid 

space, an increased ICH leads to distension of the optic nerve sheath. We herein examined the correlation between 

the ICH volume and the optic nerve sheath diameter (ONSD) measured by point of care ultrasound (POCUS). 

Methods: Patients with ICH diagnosed with a head computed tomography (CT) scan were prospectively enrolled in 

this study. A portable ultrasound was used to measure the (ONSD); the volume of ICH hematoma, the Acute 

Physiology And Chronic Health Evaluation IV score, and the Intracerebral Hemorrhage score were collected. A 

Spearman rank correlation coefficient test was used to assess the relationship between continuous variables. A 

Wilcoxon rank sum test was used to assess differences in continuous variables between two groups. A p-value less 
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correlation was detected between hemorrhage volume and the average ONSD (correlation = 0.4214, p = 0.0255). A 

weak positive correlation was detected between average ONSD and APACHE IV (correlation = 0.2347, p = 0.2294). A 

weak moderate positive correlation was detected between average ONSD and ICH score (correlation = 0.1160, p = 

0.5566). Conclusions: In this study we demonstrate that ONSD is moderately correlated with hematoma size. A 

potential application may include serial measurements of the ONSD with ultrasound. This may offer a quick, non-

invasive technique that can be used in an intracerebral hemorrhage to monitor the stability or expansion of a 

hematoma indirectly, and potentially catch a catastrophic event like cerebral herniation. 
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between the volume of hematoma in an ICH and the size 

of optic nerve sheath diameter (ONSD) as measured by 

point of care ultrasound (POCUS). For reference a 

normal ultrasound obtained ONSD in males is 4.66mm 

and 4.47mm in females [4], although there are numerous 

studies that have reported different values of a normal 

ONSD. 

Materials and Methods 

This study was a prospective trial conducted at Baylor 

Scott & White Medical Center – Temple, TX. The study 

protocol was approved by and conducted under the 

supervision of the Baylor Scott & White Research 

Institute Institutional Review Boards. The study was 

funded by the department of neurology. Twenty-eight 

patients were enrolled in this study. All patients included 

were over the age of 18 and had the diagnosis of ICH 

confirmed with a non-contrast head computed 

tomography (CT) scan. All patients were admitted to the 

neurointensive care unit and managed according to the 

standard of care. Within six hours of the patient’s 

admission, informed consent would be obtained from the 

patient or legally authorized representative to obtain 

POCUS images of their optic nerves. Excluded were 

patients with obvious ocular pathology including ocular 

trauma, foreign bodies in the eye, or a glass eye. Also 

excluded were subarachnoid hemorrhages and ischemic 

strokes.  

A portable ultrasound device (Sonotsite) was used to 

measure the optic nerve sheath diameter. A high 

frequency (5-14 MHz) probe was used to obtain images. 

A thin film of gel was applied to each eyelid. The optic 

nerve was visualized in transverse and longitudinal 

planes. We measured from the inner edge to inner edge 

of the optic nerve sheath 3mm behind the optic globe 

[3,5]. Figure 1 is a pictorial view describing the relevant 

anatomic components of the posterior eye and Figure 2 

illustrates what the operator sees while performing an 

exam [5,6]. After the exam was complete, the excess gel 

was wiped off the patient. Transverse and longitudinal 

values were obtained for each optic nerve. These values 

were averaged, and a single value was obtained for the 

left and right optic nerve.  Other data collected include 

the volume of ICH (calculated based on the head CT 

scan), the APACHE (Acute Physiology And Chronic 

Health Evaluation) IV score, and the ICH (intracerebral 

hemorrhage) score. A Spearman rank correlation 

coefficient test was used to assess the relationship 

between continuous variables. A Wilcoxon rank sum test 

was used to assess differences in continuous variables 

between two groups. Statistical significance was set at 

p<0.05. All statistical analyses were performed in SAS 

9.4. 

Results 

A total number of 28 subjects were enrolled in the study. 

There were 16 females and 12 males with a mean age of 

67.5 years (mean: 67.5, SD: 15.0).  The mean optic 

nerve sheath diameter was 6.36mm. The median 

hemorrhage volume was 7.70mL. A moderate positive 

correlation was detected between hemorrhage volume 

and the average ONSD (correlation = 0.4214, p = 

0.0255, Figure 3). A weak positive correlation was 

detected between average ONSD and APACHE IV Figure 1. Posterior eye showing optic nerve sheath and 

ONSD. 

Figure 2. Ultrasound image showing components of 

optic nerve sheath exam. 
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(correlation = 0.2347, p = 0.2294, Figure 4). A weak 

moderate positive correlation was detected between 

average ONSD and ICH score (correlation = 0.1160, p = 

0.5566, Figure 5).   

Discussion 

Growth of an intracranial hematoma in the first twenty-

four hours is an independent predictor of mortality and 

poor outcome [4]. The neurological exam is crucial in 

determining the progression of swelling in the brain. 

However, the accuracy and reliability of neurological 

physical exams are frequently limited in these particular 

type of patients. Neuroanatomical areas maintaining 

alertness or consciousness are oftentimes damaged, and 

patients undergo endotracheal intubation to protect the 

airway and routinely require analgesia to succumb 

agitation. All of these can confound the neurological 

exam. Additionally, there are a number of teams working 

with the patient including the critical care team, stroke 

neurology, and neurosurgery, each of which may record 

different physical exam findings. Using POCUS to 

measure the ONSD in these specific situations can be an 

Figure 3. Average ONSD vs 

hemorrhage volume. 

Figure 4. APACHE IV vs average 

ONSD. 
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objective adjunct to the physical examination. A common 

scenario where we foresee this being useful is during the 

first twenty-four hours of admission for ICH when 

hematoma expansion risk is greatest. Performing serial 

optic nerve exams with ultrasound may be useful to 

observe a trend in the ONSD. A significant increase in 

the ONSD compared to previous values can alert the 

physician that the ICH may be expanding, and that 

further imaging may be required to assess hematoma 

stability. Moreover, in patients who are critically ill and 

unstable for transport, bedside ONSD examination can 

potentially be used by clinicians to assess for hematoma 

expansion. Finally, invasive intracranial pressure 

monitoring devices may be contraindicated for various 

reasons including but not limited to coagulopathy. A 

bedside exam of the optic nerve in this situation may be 

helpful for monitoring. A weak positive correlation was 

also detected between average ONSD and ICH score as 

well as APACHE IV score. This weak correlation is likely 

because several components of the ICH score may not 

corollate with hematoma size, such as presence of 

intraventricular hemorrhage, age greater than 80, and 

infratentorial location of hemorrhage. The APACHE IV 

score uses variables derived from values from the first 

twenty-four hours of ICU admission. It is a hospital 

mortality predictor. There was a weak positive correlation 

that was not statistically significant. The variables 

included in the APACHE IV also contain chronic health 

conditions and lab chemistries, which may or may not be 

directly related to the ICH. The ICH score is based on 

age and CT findings and has been validated to estimate 

mortality. We found a weak moderate positive correlation 

between ICH score and average ONSD which was not 

statistically significant. This is likely because the ONSD is 

a surrogate for intracranial pressure, whereas the ICH 

score is a mortality marker. Not all patients with a high 

intracranial pressure have a poor outcome and vice 

versa.  

There are several limitations to this study. During 

enrolment of patients, the CT head was viewed prior to 

measuring the optic nerves. This potentially created a 

bias as the physician looking at the imaging and 

performing the ultrasound exam was the same individual. 

27 of 28 ultrasound exams were performed by the same 

physician, and one exam was performed by another 

physician; therefore, inter-rater reliability was not 

assessed, which potentially limits the generalization of 

the conclusion.   

Conclusion 

Measuring the optic nerve sheath diameter with POCUS 

is a quick noninvasive tool that can be used in the 

context of acute intracerebral hemorrhage to assess the 

volume of an ICH at a given point in time. We found a 

moderate positive correlation between the ONSD and 

volume of hematoma. This may be taken further, to 

monitor the stability or expansion of a hematoma 

indirectly, although this is a potential application of this 

technique and was not directly examined in this study. 

This POCUS exam is particularly useful in populations 

where performing neurological exams is challenging due 

to sedation or lack of patient cooperation. The ONSD is 

not meant to replace the physical exam but rather be an 

objective adjunct tool. A future study needs to be 

Figure 5. ICH score vs average 

ONSD. 
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performed where serial measurements of ONSD are 

performed and compared with ICH volume.  
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Background 

Even as newer viral variants have proven less deadly 

than the initial waves, Coronavirus Disease 2019 (COVID

-19) continues to affect our world. Although critical to 

mitigate the spread of disease, rapid and accurate 

diagnosis of COVID-19 can be challenging. The current 

gold standard test to detect Severe Acute Respiratory 

Syndrome Coronavirus-2 (SARS-CoV-2) infection is a 

nucleic acid amplification test (NAT) via reverse-

transcription polymerase chain reaction. NAT has 

excellent specificity but variable sensitivity (70-97%) [1]. 

Indeed, a not insignificant number of patients (perhaps 2-

3.5%) may be infected even with an initial negative 

NAT [2-4]. Additionally, NAT may be expensive and 

require hours to result. Rapid antigen testing provides 

results in minutes but has lower sensitivity [5]. Computed 

tomography (CT) of the chest, which can detect typical 

patterns of lung findings for COVID-19, has good 

sensitivity (86-97%) but lower specificity (25-81%) [6-9]. 

In some locations, CT scan is used as a diagnostic 

Research 

Abstract 

Background: Chest imaging, including chest X-ray (CXR) and computed tomography (CT), can be a helpful adjunct to 

nucleic acid test (NAT) in the diagnosis and management of Coronavirus Disease 2019 (COVID-19). Lung point of 

care ultrasound (POCUS), particularly with handheld devices, is an imaging alternative that is rapid, highly portable, 

and more accessible in low-resource settings. A standardized POCUS scanning protocol has been proposed to assess 

the severity of COVID-19 pneumonia, but it has not been sufficiently validated to assess diagnostic accuracy for 

COVID-19 pneumonia.  Purpose: To assess the diagnostic performance of a standardized lung POCUS protocol using 

a handheld POCUS device to detect patients with either a positive NAT or a COVID-19-typical pattern on CT scan.  

Methods: Adult inpatients with confirmed or suspected COVID-19 and a recent CT were recruited from April to July 

2020. Twelve lung zones were scanned with a handheld POCUS machine. Images were reviewed independently by 

blinded experts and scored according to the proposed protocol. Patients were divided into low, intermediate, and high 

suspicion based on their POCUS score.  Results: Of 79 subjects, 26.6% had a positive NAT and 31.6% had a typical 

CT pattern. The receiver operator curve for POCUS had an area under the curve (AUC) of 0.787 for positive NAT and 

0.820 for a typical CT. Using a two-point cutoff system, POCUS had a sensitivity of 0.90 and 1.00 compared to NAT 

and typical CT pattern, respectively, at the lower cutoff; it had a specificity of 0.90 and 0.89 compared to NAT and 

typical CT pattern at the higher cutoff, respectively.  Conclusions: The proposed lung POCUS protocol with a 

handheld device showed reasonable diagnostic performance to detect inpatients with a positive NAT or typical CT 

pattern for COVID-19. Particularly in low-resource settings, POCUS with handheld devices may serve as a helpful 

adjunct for persons under investigation for COVID-19 pneumonia.  
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adjunct, e.g., for patients with a pending NAT test or an 

initial negative NAT but high clinical concern for COVID-

19 [10, 11]. Both the World Health Organization and the 

Fleischner Society have recommended chest imaging for 

patients with moderate or severe symptoms of suspected 

COVID-19, even if NAT is negative [12, 13]. Several 

validated reporting systems are used by radiologists in 

assessing likelihood of COVID-19 pneumonia on chest 

CT. A commonly used consensus guideline from the 

Radiological Society of North America (RSNA) classifies 

CT morphologies as “typical” (highest suspicion), 

“indeterminate”, “atypical”, or “negative” for COVID-19 

pneumonia [14]. For example, typical CT findings include 

peripheral bilateral ground-glass opacities [15].  Despite 

its utility, CT scan has drawbacks; it requires significant 

healthcare resources and time, exposes the patient to 

ionizing radiation, poses infection control risks, and may 

be unsafe for unstable, hypoxemic patients. Chest X-ray 

(CXR) reduces some of these drawbacks but has a low 

sensitivity for detecting COVID-19, particularly early in 

the disease course (55-83%) [16]. Thus, some hospitals 

rely on more than one category of diagnostic test, as well 

as patient history and risk factors, to attempt to rule out 

COVID-19 infection and decide on isolation precautions. 

In our quaternary hospital system, both CXR and CT are 

used in an evidence-based algorithm for admitted 

persons under investigation (PUIs); for example, CT is 

often required to allow a clinician to “rule out” COVID-19 

(and remove a patient from isolation) if initial CXR 

findings are concerning [11]. Thus, in daily clinical 

practice, CXR and CT are sometimes used as helpful 

adjuncts to help rule out and rule in COVID-19 [8, 17]. 

Point of care ultrasound (POCUS) has been increasingly 

studied as a viable alternative diagnostic modality. 

POCUS is inexpensive, rapid, ionizing radiation-free, 

widely available, and does not require travel to and 

possible infectious exposure of a radiology suite. 

Ultraportable, handheld machines are typically less 

expensive and easier to disinfect than traditional, larger 

ultrasound machines. In low-resource settings, POCUS 

may be available when CXR or CT are not. Importantly, 

COVID-19 tends to affect the lung periphery, which is 

visualized well by POCUS. Numerous studies have 

described characteristic features for COVID-19 on lung 

ultrasound, including bilateral B-lines (particularly 

“confluent” B-lines) and an irregular (or “serrated”) pleural 

line. [15 18-20]. B-lines, similar in appearance to movie 

premier searchlights, appear as hyperechoic laser-like 

reverberation artifacts that arise from the pleural line, 

obliterate A-lines, and extend to the bottom of the screen 

(Figure 1). They can coalesce into “confluent” B-lines, 

which appear as a broader beam of light (appearing less 

as a laser and more as a broad flashlight in the fog); this 

artifact has also been called “light beam artifact,” 

“waterfall” B-line, or “white lung.” Compared to a normal 

pleural line, which is distinct and unbroken (something 

that could be drawn in one stroke by an imaginary white 

pencil), an irregular or “serrated” pleural line appears 

jagged and/or broken. Of note, while these ultrasound 

findings raise suspicion for COVID-19 pneumonia, they 

are not specific and can be seen in other pulmonary 

disease processes such as acute respiratory distress 

syndrome, cardiogenic pulmonary edema, interstitial lung 

disease, or pneumonia from other microbial etiologies. Of 

course, some CXR or CT findings suggestive of COVID-

19 are similarly non-specific. 

Therefore, different stratifying scoring systems to assess 

COVID-19 disease severity have been proposed. A 

widely-cited article from Soldati et al. proposed scanning 

14 lung zones and assigning a score between zero to 

Figure 1. Examples of Lung Pathology. A) 1-2 B-lines. 

B) Broken pleural line/small subpleural consolidation. 

C) Confluent B-lines (light-beam artifact). D) Large 

subpleural consolidation. In the proposed protocol, 

these findings merit 1 point (A), 2 points (B), and 3 

points (C or D).  
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three points per zone; the total number of points would 

correlate with the severity of COVID-19 pneumonia [21]. 

The same group analyzed protocols with fewer lung 

zones (e.g., four to twelve zones), given that an 

abbreviated protocol could help reduce exposure time of 

the scanner with infectious patients; the study concluded 

that a 12-zone protocol (including 4 posterior zones) was 

optimal to assess COVID-19 severity [22]. The same 

group has validated their protocol for prognosis of COVID

-19 pneumonia [23], but to our knowledge none has 

attempted to validate it for diagnosis of COVID-19 

pneumonia (particularly for with a 12-zone protocol 

following Soldati’s score). Notably, there are several 

valuable studies suggesting the utility of POCUS for 

possible diagnosis of COVID-19 [24-29]. However, these 

studies have limitations which hinder their 

generalizability, such as using a single operator, relying 

on the scanner’s overall subjective gestalt for COVID-19 

pneumonia, not comparing to CT scan, or excluding 

patients with heart failure (which may have similar 

POCUS findings as COVID-19 pneumonia). In addition, 

few studies have gathered all data using handheld, ultra-

portable devices. 

Our aim was to validate a 12-zone protocol following 

Soldati et al. with a handheld device, assessing the 

diagnostic accuracy of lung POCUS performed with a 

handheld ultrasound machine to detect either (1) a high-

suspicion (“typical”) pattern for COVID-19 on CT scan or 

(2) a positive COVID-19 NAT. We hypothesized that 

handheld lung POCUS has superior sensitivity and 

specificity compared to CXR for both outcomes.  

Methods 

Study design and setting 

This prospective cohort study took place in a 1,000-bed 

quaternary care hospital in the Northeastern U.S., from 

April to July 2020 (the first wave of the pandemic). We 

included a convenience sample of adult patients who 

were admitted to either the medical ward or intensive 

care unit (ICU). We calculated that we would need to 

recruit 70 patients, estimating a prevalence of 50% of 

cases with typical CT pattern (see Supplementary 

Material). A query of the electronic medical record 

system, roughly twice a week based on scanner 

availability, identified patients who had either confirmed 

or suspected COVID-19 infection (i.e., “PUI” status and 

awaiting further testing) and who had completed or were 

planned to complete a chest CT within 24 hours of the 

POCUS scan. Patients with a history of interstitial lung 

disease (ILD) were excluded, given these patients are 

Figure 2. Lung Ultrasound Zones. Anterior lung zones (R1, R2, L1, L2) were scanned along the mid-clavicular line; 

lateral zones (R3, R3, L3, L4) were scanned along the mid-axillary line; the fourth rib separated the upper and lower 

anterior-lateral zones. Posterior lung zones (R5, R6, L5, L6) were scanned between the spine and the scapula; 

upper and lower posterior zones were separated by the inferior border of the scapula. Pictured is one of our 

physicians. 
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relatively rare, typically know their underlying diagnosis, 

and at baseline will have quite abnormal lung POCUS 

scans. Otherwise, we attempted to recruit all consecutive 

patients. The protocol was approved by the local 

Partners Healthcare Institutional Review Board. 

Selection of participants, interventions, and 

measurements 

After obtaining assent from the treating team and verbal 

consent from the patient or proxy, a research physician 

scanned 12 lung zones (Figure 2), similar to prior 

protocols [24]. The patient wore a surgical mask, and the 

scanning physician wore hospital-recommended 

personal protective equipment (N-95 respirator, eye 

protection, gown, and gloves; Appendix Figure S1). The 

probe was held longitudinally and perpendicular to the 

ribs to obtain the “bat sign” view [25]. Scanning 

physicians attempted to capture at least two intercostal 

spaces for each zone (and at least three intercostal 

spaces for each of the four posterior zones). For 

posterior lung zones, patients either sat upright or lay in 

lateral decubitus position. Scanning was completed using 

a handheld Butterfly iQ ultrasound machine (Butterfly 

Network, Inc., Guilford, CT) connected to an iPhone 

(Apple Inc., Cupertino, CA). The lung preset was used for 

all zones; a second clip was obtained using the 

abdominal preset for zones R4 and L4 (to investigate for 

pleural effusion). Single-use gel packets were used for 

ultrasound gel, to avoid cross-contamination. After 

scanning, machines were sanitized with hospital-

approved disinfectant wipes. Scanning physicians 

included four internal medicine and two emergency 

Table 1. Patient characteristics at the time of POCUS scan 

  All 

 
n=79 

COVID-19 

NAT positive 

n=21 (26.6%) 

COVID-19 

NAT negative 
n=58 (73.4%) 

p-value 

Age (years); 

mean (95% CI) 

62.5 

(58.6-66.4) 

58.6 

(50.0-67.2) 

63.9 

(59.7-68.2) 

0.231 

Gender female; % 32.9% 28.6% 34.5% 0.788 

Scanned in ICU; % 5.1% 14.3% 1.7% 0.055 

Body mass index (kg/m
2
); median (95% CI) 26 

(25-27.7) 

29 

(25.5-31) 

25.5 

(24-26.9) 

0.125 

History of CHF; % 21.5% 14.3% 24.1% 0.537 

Supplemental O2 (L/min)
1
; mean (95% CI) 2.7 

(2.2-3.3) 

2.6 

(1.2-3.9) 

2.8 

(2.3-3.4) 

0.670 

Absolute lymphocyte count (per µL); medi-
an (95% CI) 

1,125 

(972-1,360) 

1,280 

(814-1,545) 

1,110 

(943-1,447) 

0.710 

Ferritin (ng/mL); 

median (95% CI) 

353 

(230-510) 

691 

(426-870) 

220 

(142-353) 

0.001 

CRP (mg/L); 

median (95% CI) 

62.1 

(38.5-84.8) 

71.8 

(48.7-132.8) 

52.8 

(11.6-85.9) 

0.145 

LDH (U/L); 

median (95% CI) 

258 

(226-326) 

327 

(266-394) 

224 

(180-258) 

0.003 

D-dimer (ng/mL); 

median (95% CI) 

1,341 

(1,066-1,577) 

1,431 

(891-2,435) 

1,314 

(1,010-1,573) 

0.738 

NT-proBNP (pg/mL); median (95% CI) 548 

(307-2,044) 

307 

(34-1,843) 

600 

(322-2,844) 

0.139 

In-hospital death; % 7.6% 14.3% 5.2% 0.333 

Discharged to hospice; % 1.3% 0.0% 1.7% 1.000 

1 
Includes only 28 patients on nasal cannula.  Abbreviations: NAT, nucleic acid test; CI; confidence interval; CHF, congestive heart 

failure; ICU, intensive care unit; CRP, C-reactive protein; LDH, Lactate dehydrogenase; NT pro-BNP, N-terminal pro B-type natriu-
retic peptide.  
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medicine physicians, all of whom had completed formal 

POCUS training, including a minimum of 25 lung scans 

reviewed by a POCUS expert. All scanners were blinded 

to CT results, though not to NAT results (positive results 

are prominently displayed in the chart), at the time of 

scanning. Patient demographics, vital signs, amount of 

supplemental oxygen, and lab values were recorded by 

non-scanning research staff. 

POCUS clips were reviewed by two Emergency 

Ultrasound Fellowship-trained physicians, who were 

blinded to CT and NAT results. Scans were scored along 

numerous criteria, including categories of B-lines, pleural 

line irregularity, and consolidation, selecting the most 

severe pathology in each of these 3 categories for each 

lung zone (see Appendix Figure S2). Examples are 

pictured (Figure 1). Similarly, CTs and CXRs were 

reviewed by two board-certified radiologists specialized 

in thoracic imaging and blinded to clinical and POCUS 

information. Radiologists were blinded to CT images 

when reading CXRs, and vice versa.  Radiologists gave 

each CT and CXR a COVID-19 suspicion grade, 

following consensus criteria (namely, RSNA criteria for 

CT scans and British Society of Thoracic Imaging (BSTI) 

criteria for CXRs): namely, (1) typical/high suspicion, (2) 

indeterminate, (3) atypical/low suspicion, or (4) negative 

[14, 26]. A third radiologist provided an interpretation in 

the case of discordant interpretations (as a tiebreaker). 

Figure 3. Receiver operating 

characteristic curves. Abbreviations: 

AUC, area under the curve; CI, 

confidence interval; CT, computed 

tomography; CXR, chest X-ray; NAT, 

nucleic acid test 
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For both CT and CXR, the mode of the three 

interpretations was considered the consensus. For cases 

in which the third reader assigned a grade different from 

the primary two readers, the grade corresponding to the 

value closest to the median of the three observer grades 

was used as the consensus. 

Analysis 

For all imaging modalities, we calculated a Cohen’s 

kappa to compare the interrater reliability between the 

first two readers (not including the “tiebreaker”). An 

ordinal scale was used for CT, CXR, and POCUS 

interpretations. For POCUS scans, we recorded the 

duration of time spent scanning (from the start of the first 

clip to the final clip). 

We assessed the accuracy of the 12-zone POCUS 

protocol to detect either (1) typical CT pattern or 

(2) positive NAT (by the time of discharge). The Soldati 

protocol assigned a score between zero to three for each 

of the lung zones (thus, for our 12 zones, the maximum 

score for a patient was 36) [21].    

To calculate individual test characteristics (sensitivity, 

specificity, positive and negative predictive value) for our 

simplified POCUS score, we created two score cutoffs. 

These cutoffs allowed us to create low, intermediate, and 

high COVID-suspicion categories from the ordinal 

POCUS score (i.e., 0-36 points); these categories would 

mirror the RSNA CT and BSTI CXR categories. Data 

analysis was performed in Python 3.8.3 (Python Software 

Foundation, Beaverton, OR) [27].  

Receiver operating characteristic (ROC) curves were 

created to compare the performance of POCUS and 

CXR for our first outcome: a typical pattern for COVID-19 

on CT. Additional ROC curves compared Soldati score, 

CXR, and CT against our second outcome: positive NAT. 

Areas under the curve (AUCs) were generated with the 

algorithm suggested by DeLong, DeLong, and Clark-

Pearson [28]. AUCs were compared with the test of 

equality of receiver operating areas in STATA IC 14.2 

(Stata Corp LLC, College Station, TX). 

Results  

Ninety patients were initially screened, and 79 were 

scanned and included in the final analysis. The remaining 

eleven were excluded based on lack of consent, 

presence of exclusion criteria (namely ILD), or CT scan 

not completed (Appendix Figure S3). Patient 

characteristics at the time of scan are given in Table 1. 

Most subjects were male (67.1%), of advanced age 

(mean age 62.5 years), overweight (mean BMI 27.0 kg/

m
2
), and with elevated inflammatory markers.  

Overall, 26.6% (21/79) of patients were NAT positive. All 

tested positive on their initial NAT. No patient who had an 

initial negative NAT tested subsequently tested positive 

during the study period. For CT scan, patients received 

the following RSNA grades (consensus interpretation): 

18.9% (15/79) negative, 27.8% atypical/low (22/79), 

21.5% indeterminate (17/79), and 31.6% typical (25/79). 

Fifteen patients (18.9%) had both positive NAT and a 

typical CT pattern. Seventy-five patients (94.9%) had 

CXRs completed; of these, the radiology consensus was 

25.3% (19/75) negative, 24.0% (18/75) atypical/low, 

29.3% indeterminate (22/75), and 21.3% (16/75) typical 

for COVID-19. For POCUS scan, 20.2% (16/79) of 

patients were categorized as low-risk, 53.2% (42/79) 

were intermediate, and 26.6% (21/79) were high-risk 

(based on scoring system, below). Interrater reliability 

between the two readers for each of the imaging 

modalities was as follows: κ = 0.822 for CT scan, κ = 

0.559 for CXR, κ = 0.704 for POCUS. The median time 

between POCUS exam and CT scan completion was 13 

hours (95% confidence interval [CI]: 11.1, 16.8). For ten 

patients, >24 hours elapsed between scans, typically 

from delays in obtaining CT scan after initial order. The 

POCUS exam took a median of 10 (95% CI: 9.4; 10.8) 

minutes. There was no statistically significant difference 

in the POCUS scan time between NAT-positive and 

negative patients (p=0.845). 

The ROC curves with corresponding AUCs for CXR, CT, 

and POCUS are given in Figure 3. The AUC for POCUS 

was numerically higher than the AUC for CXR for the 

outcome of typical pattern on CT scan, but this difference 

did not reach statistical significance (p = 0.1201). To 

mirror the consensus categories used for CT and CXR, 

we created two cutoffs for the POCUS protocol, to divide 

patients into low, intermediate, and high suspicion for 

COVID. We set low suspicion at 6 or fewer points; 

intermediate at >6 and <24 points, and high suspicion at 

Table 2. Test characteristics of POCUS protocol 

 Sensitivity Specificity PPV NPV 

All Patients (n=79) 

   For “Typical” CT Pattern: 

Score ≥24 0.56 0.89 0.70 0.81 

Score ≥6 1.00 0.30 0.40 1.00 

   For Positive NAT: 

Score ≥24 0.67 0.90 0.70 0.88 

Score ≥6 0.90 0.24 0.30 0.88 

Abbreviations: CT, computed tomography; NAT, nucleic acid 

test; NPV, negative predictive value; PPV, positive predictive 

value. 
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24 or greater points. These cutoffs were chosen as 

practical method so that this protocol could be used to 

“rule-in” and “rule-out”; namely, to maximize sensitivity 

and NPV below the lower cutoff and maximize specificity 

and PPV above the higher cutoff--while also including a 

sizeable number of patients within each category. 

Operating characteristics are summarized in Table 2. 

The entire protocol is delineated in Table 3.  

Discussion 

A 12-zone lung POCUS protocol adapted from Soldati et 

al. and using handheld devices had reasonable 

diagnostic performance to detect either a typical CT 

pattern or a positive NAT for COVID-19. For patients with 

a higher POCUS score (high risk of COVID-19), the 

specificity was approximately 90% for detecting either 

typical CT pattern or positive NAT. For patients above 

the lower cut-off point, the sensitivities and negative 

predictive values for typical CT pattern and for positive 

NAT were all quite high (88-100%). There was no 

statistically significant difference in the diagnostic 

accuracy among POCUS, CT, and CXR. Thus, arguably 

patients with a high POCUS score could be considered 

high risk for having COVID-19, and further imaging with a 

CT might be avoided. Similarly, one might extrapolate 

that patients below the low cut-off could be considered to 

have a low risk for COVID-19 pneumonia (and might be 

able to forgo a CT scan that might be ordered to check 

for typical signs of COVID-19 pneumonia).  

The study results add to the literature that POCUS can 

assist in the diagnosis or risk stratification of PUIs for 

COVID-19 [29-33]. Namely, handheld lung POCUS may 

be a helpful adjunct to history and risk factors both to 

“rule in” or “rule out” COVID-19 pneumonia. Certainly, 

some of the more typical POCUS findings of COVID-19 

can also be seen in other pulmonary conditions; but the 

same is true of typical CXR findings. The interrater 

reliability for readers for the POCUS score was overall 

good, notably higher than CXR (κ = 0.704 vs. κ = 0.559). 

Handheld POCUS, as used in this study, is relatively 

inexpensive and easy to disinfect, and may be 

particularly helpful in resource-limited settings, where 

access to CT or NAT may be limited or results may be 

delayed. In addition, the vast majority of scans were 

completed by internists with extra training in POCUS: 

notably, internists represent the largest medical specialty 

group in the United States [34]. Finally, lung POCUS is 

rapid. Our 12-zone POCUS mean scanning time was ten 

minutes. However, this is not an insignificant amount of 

exposure time with an infectious patient, and it is a 

limitation of using POCUS.  We plan to perform a 

subgroup analysis to assess whether a protocol with 

fewer lung zones would still perform well. 

Our study is subject to several limitations. First, this was 

a single-center study, using a convenience sample of 

inpatients based on scanning physician availability. 

However, there have been relatively few prospective 

studies to date, particularly multi-center studies. Further 

validation studies performed at other centers are 

warranted and welcome. Second, this study was 

completed in 2020 in an earlier wave of the COVID-19 

pandemic; newer variants seem to be causing severe 

disease and viral pneumonia less frequently [35].  

However, imaging is still useful and de facto being used.  

The presence of typical findings for COVID-19 

pneumonia (whether on CT scan, or a high lung POCUS 

score) should still heighten concern for infection or 

complications, and some quaternary centers (including 

ours) continue to use chest imaging (CXR and CT) as 

part of the workflow to rule in and out COVID-19 

infection [11]. Whether the test characteristics described 

herein apply to current variants, vaccinated patients, and 

generally lower prevalence and disease severity is 

questionable and should be explored in newer cohorts.   

Third, our study examined only inpatients (mostly from 

the ward, with a small number of ICU patients); it is 

-Scan 12 zones with probe perpendicular to ribs, recording at 
least 2 intercostal spaces per zone (and 3 intercostal spaces 
per posterior zone) 

-Scoring: select the highest-scoring pathology for each zone. 
Points for the 12 zones are added to create a total score for 
each patient (maximum score = 36). 

  

Score per zone: 

Finding Points 

No B-lines or pleural line breaks 0 

Any B-lines 1 

Broken/irregular pleural line, or small 
(<1cm) subpleural consolidation 

2 

Light-beam artifact (confluent B-
lines), or large subpleural 
consolidation, or hepatization 

3 

Interpretation: 

Score Interpretation 

< 6 Low suspicion for 
COVID-19 

≥ 6 and < 24 Intermediate 
suspicion for COVID-
19 

≥ 24 High suspicion for 
COVID-19 

Table 3: POCUS protocol adapted from Soldati, et al. 
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unknown whether this scanning protocol would yield 

similar results for outpatients or ED patients. Fourth, our 

sample size had a relatively narrow BMI range. Fifth, the 

relatively high positivity rate (26.6%) could lead to a 

spectrum effect. However, this incidence is lower than 

some other studies, and our sample did include many 

patients with low-suspicion CXR and CT results. Sixth, 

although scanning physicians were blinded to CT results, 

they were not blinded to NAT status (positive COVID 

status is displayed prominently in our hospital electronic 

record); it is possible that sampling bias of the lung zones 

was introduced. However, COVID-positive and PUI 

patients had similar POCUS scan times. Seventh, there 

is certainly a degree of subjectivity in interpreting 

different POCUS findings as described in the protocol 

from Soldati et al. (or any lung protocol). Our interrater 

reliability for POCUS readers was excellent, but the 

subjectivity could make the protocol less generalizable 

worldwide. Finally, none of the patients with an initial 

negative NAT subsequently had a positive NAT. 

However, this was an inpatient study, and initial NAT is 

always performed in the Emergency Department in our 

institution. Incidence of positive NAT after initial negative 

NAT is very low [2]. Thus, it would be extremely 

challenging to capture an appreciable number of NAT-

positive patients if we had limited our study to only those 

patients with an initial negative NAT.  

Conclusions 

Handheld lung POCUS could be a valuable tool in 

assessing the likelihood of COVID-19 pneumonia. A 12-

zone protocol following Soldati et al. and using handheld 

devices performed well to detect patients with either a 

high-suspicion CT pattern for COVID-19 or a positive 

NAT. In patients under investigation for COVID-19, 

particularly in low-resource settings, a lung POCUS 

exam with an inexpensive, handheld machine could 

potentially replace other chest imaging as a helpful 

adjunct for clinicians to decide whether a diagnosis of 

COVID-19 pneumonia should be further entertained or 

no.  
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Background 

Point of care ultrasound (POCUS) is quickly being 

adopted by internal medicine (IM) physicians in practice 

and being increasingly taught in the majority of IM 

residencies due to its impact on procedural safety, 

diagnostic accuracy and efficiency, provider and patient 

satisfaction, and use as a teaching adjunct in medical 

education [1–8]. Despite these benefits, studies 

demonstrating its impact on system efficiency and cost of 

care are few, difficult to perform, and mostly in the 

emergency department (ED) and intensive care unit (ICU) 

settings [9–11]. 

A randomized trial to evaluate the impact of POCUS on 

clinical and system outcomes is impracticable and 

potentially unethical within a controlled IM setting as it 

would require withdrawal of POCUS from well-trained, 

regular users who rely on the tool for optimal care, and in 

such an environment clinical equipoise would no longer 

exist [12]. We had a unique natural situation that 

introduced some aspects of a randomized trial within a 

single group of POCUS-trained teaching hospitalists. Our 

study objective was to use this environment to compare 

cost and other metrics among hospitalized patients cared 

for with and without POCUS availability. 

Research 

Abstract 

Background: Point of care ultrasound (POCUS) use has rapidly expanded among internal medicine (IM) physicians in 

practice and residency training programs. Many benefits have been established; however, studies demonstrating the 

impact of POCUS on system metrics are few and mostly limited to the emergency department or intensive care setting. 

The study objective was to evaluate the impact of inpatient POCUS on patient outcomes and hospitalization metrics. 

Methods: Prospective cohort study of 12,399 consecutive adult admissions to 22 IM teaching attendings, at a 

quaternary care teaching hospital (7/1/2011-6/30/2015), with or without POCUS available during a given 

hospitalization. Multivariable regression and propensity score matching (PSM) analyses compared multiple hospital 

metric outcomes (costs, length of stay, radiology-based imaging, satisfaction, etc.) between the “POCUS available” vs. 

“POCUS unavailable” groups as well as the “POCUS available” subgroups of “POCUS used” vs. “POCUS not used”. 

Results: Patients in the “POCUS available” vs. “POCUS unavailable” group had lower mean total and per-day hospital 

costs ($17,474 vs. $21,803, p<0.001; $2,805.88 vs. $3,557.53, p<0.001), lower total and per-day radiology cost 

($705.41 vs. $829.12, p<0.001; $163.11 vs. $198.53, p<0.001), fewer total chest X-rays (1.31 vs. 1.55, p=0.01), but 

more chest CTs (0.22 vs 0.15; p=0.001). Mean length of stay (LOS) was 5.77 days (95% CI = 5.63, 5.91) in the 

“POCUS available” group vs. 6.08 95% CI (5.66, 6.51) in the “POCUS unavailable” group (p=0.14). Within the “POCUS 

available” group, cost analysis with a 4:1 PSM (including LOS as a covariate) compared patients receiving POCUS vs. 

those that could have but did not, and also showed total and per-day cost savings in the “POCUS used” subgroup 

($15,082 vs. 15,746; p<0.001 and $2,685 vs. $2,753; p=0.04). Conclusions: Availability and selected use of POCUS 

was associated with a meaningful reduction in total hospitalization cost, radiology cost, and chest X-rays for 

hospitalized patients. 
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Methods 

Setting 

This prospective observational cohort study took place 

within a 670-bed teaching hospital with a long-standing 

inpatient and outpatient IM residency-based POCUS 

curriculum since 2010. The study period (7/1/2011-

6/30/2015) was chosen due to the natural randomization 

of POCUS device availability among a single group of 

hospitalists as described below and to evaluate 

outcomes during the earlier years of a POCUS program.  

The study was approved by our external IRB (Schulman 

IRB; Reference 201306503). 

IM POCUS Curriculum & Infrastructure 

All first-year IM residents participated in a 5-day, 40-hour 

internal POCUS course, and completed a 1-month 

ultrasound rotation—a 1:1 intensive POCUS experience 

with a core POCUS faculty. Core hospitalist teaching 

faculty at that time all participated in a 2-day hands-on 

POCUS course and most proceeded through a 

mentored, 5+-day, bedside, hands-on experience. All 

resident-performed exams were mentored by certified 

faculty at the bedside until the resident was certified. 

Certification is by individual body area and requires 1) a 

minimum exam quantity within each body area sub-area 

(Appendix 1: IMBUS certification criteria), followed by 2) 

a bedside assessment for POCUS interpretation and 

clinical integration competency within the body area 

being certified [13]. 

POCUS Devices and Use 

During the initial years of our POCUS program, six IM 

resident teams carried portable ultrasound devices 

(SonoSite NanoMaxx and EDGE devices with P21 [1-

5mHz] phased-array and L25 [13-6mHz] linear 

transducers; FUJIFILM SonoSite Inc., Bothell, WA), 

resulting in the potential use of diagnostic POCUS for 

general ward patients limited to patients assigned to 

resident teams (hospitalist attending, PGY1 and PGY2 

resident, and medical students). POCUS exams were 

prospectively tracked on a smartphone-based application 

that recorded a unique patient identifier, exam time and 

location, body areas and items evaluated, findings, type 

of ultrasound device, and faculty mentor [14]. POCUS 

was available to intensivists in the ICU and emergency 

medicine providers in the ED without restriction; exams 

performed by these non-IM providers were not included 

in this study. However, POCUS exams performed by the 

IM team in the ED (such as during the admission exam) 

or ICU setting were included in the study. POCUS for 

procedural guidance was not included in this study. 

POCUS examinations were not billed. 

Patient Group Assignments 

Consecutive patients, age >18 years, admitted to IM 

were sequentially assigned to a hospitalist attending 

(Figure 1; N=44,213 patients, N=67 hospitalists). The 

Figure 1. Overall and subgroup patient populations during the study time period with icons denoting the hospitalist 

type and presence of internal medicine resident teams with POCUS available for patient care. Subgroups analyzed 

in analyses 1 and 2 (see Methods: Statistical Analysis section) are also depicted in the figure. All n values represent 

number of patients in the subgroup. POCUS: point of care ultrasound. 
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hospitalist was either part of the resident faculty 

(“teaching hospitalist”; n=22) or not (“non-teaching 

hospitalist”, n=45). Among patients assigned to a 

teaching hospitalist, concomitant assignment to a 

resident team was based on whether the teaching 

hospitalist was 1) actively attending with a resident team 

that week (versus working independent of a resident 

team), and 2) if actively attending whether their resident 

team was available for admissions. So within a given 

attending week, a teaching hospitalist routinely cared for 

patients both with a resident team and without. 

Additionally, within a given month, a teaching hospitalist 

had weeks where they were not attending and cared for 

an entire census of patients without resident team 

involvement. All teaching hospitalists were full time, and 

spent roughly the same amount of time as each other in 

their roles as active resident team attending and 

independent hospitalist. Pertinent to this study, only 

patients cared for by a teaching hospitalist with a resident 

team had POCUS available and were classified as 

“POCUS available”. In addition, four teaching hospitalists 

who were core ultrasound mentors had constant POCUS 

access regardless of resident involvement, so patients 

cared for by these hospitalists were included in the 

“POCUS available” group even without resident team 

involvement. Patients assigned to all other teaching 

hospitalists without resident team involvement, and those 

assigned to non-teaching hospitalists were classified as 

“POCUS unavailable”. Patients with “POCUS 

unavailable” were further classified into subgroups of 

“POCUS unavailable (teacher)” and “POCUS unavailable 

(non-teacher)”, respectively.  

Among patients in the “POCUS available” group (Figure 

1), those who received at least one POCUS exam during 

their hospital stay were classified as “POCUS used” 

while those that did not undergo a recorded exam were 

classified as “POCUS not used”. 

Primary and Secondary Outcomes 

The study’s co-primary outcomes were difference in total 

and per-day hospital costs between patients cared for 

with or without POCUS available. Secondary outcomes 

included the difference in the major cost subcomponents 

and key hospitalization metrics of LOS, formal imaging 

volumes and costs, patient satisfaction, 30-day 

readmission, and ED visits between patients cared for 

with vs. without POCUS available (analysis 1 below) and 

also between patients cared for with POCUS used vs. 

POCUS available but not used (analysis 2 below). 

Secondary outcomes also included difference in total and 

per-day hospital costs (primary outcome) but for the 

subgroups of POCUS used vs. POCUS available but not 

used. All study outcomes were pre-specified. 

 

Data Sources and Measures 

Data were extracted from our POCUS smartphone 

application (all POCUS-related variables), the hospital’s 

electronic health record (EHR) (patient demographics, 

admission diagnosis, formal imaging studies, utilization 

and outcomes, care team identifiers), and the hospital 

billing database (costs). Care team identifiers determined 

involvement of hospitalist type (teaching, non-teaching) 

and resident team (yes, no) for each admission. In 

addition to POCUS exams, other imaging utilization 

variables included chest X-ray (CXR), chest computed 

tomography (CT), echocardiogram, and radiology-based 

ultrasound. Patient EHR data were used to compute a 

severity of illness (SOI) index using an established 

algorithm [15, 16]. Outcomes included imaging utilization, 

hospital length-of-stay (LOS), Hospital Consumer 

Assessment of Healthcare Providers and Systems 

(HCAHPS) survey scores [17], and total hospitalization 

and radiology costs. Total hospitalization costs included 

all fixed and variable costs charged for these 

subcategories: drug supply, lab, radiology, room, 

operating room, respiratory care, therapy, other, and 

unclassified.  Prespecified active hospital diagnosis 

subgroups included pneumonia, congestive heart failure 

(CHF), and acute kidney injury (AKI). These 3 subgroups 

were chosen a priori in light of our predominant cardiac, 

pulmonary, and bladder/kidney POCUS use patterns 

(Figure 2) and the potential of POCUS to impact those 3 

patient populations differently. 

Figure 2. 8,110 total body areas examined within 5,353 
POCUS exams performed on 994 patients. HEENT: 
head, eyes, ears, nose, throat; MSKL: musculoskeletal. 
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Statistical Analysis 

Prior to outcome comparisons based on POCUS 

availability or use, two potential confounders associated 

with the availability of POCUS were assessed: impact of 

resident involvement in a patient’s care irrespective of 

their tie to POCUS availability/use (the “resident 

confounder”), and the impact of a hospitalist who is part 

of the teaching faculty vs. a non-teaching hospitalist 

caring for a patient irrespective of their tie to the 

presence of a resident team (the “teacher confounder”). 

The resident confounder was accounted for by matching 

patients on assignment to a resident team (yes, no) and 

subsequent gamma distribution or negative binomial 

regression to adjust for other variables. Similarly, the 

teacher confounder was accounted for by matching 

patients on whether care was provided by a teaching 

hospitalist (yes, no). The teacher confounder would have 

only needed to be accounted for in analyses involving 

non-teaching hospitalist patients (Figure 1, shaded box) 

as the comparison group—which we chose not to use for 

the analyses below (see Discussion section for 

rationale). 

Analysis 1a (Figure 1) compared outcomes for patients 

with POCUS available (teaching hospitalist with a 

resident team, or one of the four core POCUS mentors 

alone) vs. patients cared for by the same teaching 

hospitalists with POCUS unavailable using multivariable 

analyses. This eliminated the need to account for the 

significant and complex “teacher confounder” introduced 

if using the “POCUS unavailable, non-teacher” group of 

patients and allowed attendings to serve as their own 

comparator. However, the “resident confounder” was 

present and needed to be accounted for in analysis 1a 

and 1b (below). Multivariable outcome analyses including 

patient age, sex, admission diagnosis grouping, SOI 

index [15, 16], and the “resident confounder” were 

performed. After adjusting for variables, least square 

means were established with gamma distribution for cost 

analyses, negative binomial regression for LOS 

analyses, Poisson distribution for imaging counts, and 

ordered logistic regression for HCAHPS scores. The 

same (1a) multivariable analysis was also performed by 

active diagnosis subgroup (CHF, pneumonia, AKI). 

Analysis 1b compared the primary outcomes of total and 

per-day hospital costs for the same groups as 1a but 

instead used a 1:1 propensity score matching (PSM) 

analysis and now included LOS in the matching criteria: 

age, sex, race, admission diagnosis category, SOI, and 

LOS. 

Analysis 2 compared patients within the POCUS 

available group that actually received at least one 

POCUS exam, of at least one body area, at any point 

during hospitalization vs. patients within the POCUS 

available group for whom the team elected to never 

utilize POCUS. A 1:4 PSM analysis was performed 

including the same covariates as analysis 1b. 

Unless otherwise stated, all summary statistics are 

predicted means from the regression models 

accompanied by their 95% confidence interval that 

estimate the degree of precision in the predicted means.  

Results 

Patients (N=12,399) were consecutively admitted to the 

group of 22 teaching hospitalists during the study period 

(Table 1) with POCUS available for 80% of admissions 

(n=9,985). Active hospital  diagnoses of pneumonia, 

CHF, and AKI were present in 11%, 22%, and 22% of 

patients, respectively. Most patients had a SOI index of 2 

(37%) or 3 (38%) [15, 16]. 

For the 9,985 hospitalizations POCUS was available, it 

was used for 994 patients who underwent 5,353 exams 

covering 8,110 areas (Figure 2). Pulmonary (37%), 

cardiac (36%), and abdominal (23%) areas were most 

frequently performed. Exams combined pulmonary and 

cardiac areas 56% of the time. 

Analysis 1: POCUS available vs. not available 

All values in analysis 1 and 2 are means unless 

otherwise specified. Their associated 95%CI can be 

found in the referenced tables 2 and 3.  

Analysis 1a, multivariable analyses comparing 

hospitalizations where POCUS was available vs. not 

available (Figure 1), showed a LOS of 5.77 vs. 6.08 days 

(P=0.14), respectively (Table 2). Total and per-day 

hospitalization costs were significantly lower in the 

POCUS available group ($-4,329, P<0.001; $-751, 

P<0.001, respectively) as were total and per-day 

radiology costs ($-124, P<0.001; $-35, P<0.001, 

respectively). Radiology cost reduction among POCUS 

available patients was driven by a decrease in total 

CXRs (1.31 vs. 1.55, P=0.005) and tempered by an 

increase in total chest CT (0.22 vs. 0.15, P=0.001) and 

total formal ultrasounds (0.35 vs. 0.30, P=0.04). 

When imaging outcomes were analyzed by diagnosis 

subgroups, total CXR use was reduced by 36% in CHF 

patients with POCUS available (1.63 vs. 2.56, P<0.001); 

however, formal echocardiograms were not significantly 

reduced (1.28 vs. 1.59, P=0.145). The AKI subgroup had 

42% lower total CXR use when POCUS was available 

(1.62 vs. 2.79, P=0.001). Patients with pneumonia 

accounted for most of the chest CT increase seen in the 

POCUS available cohort (0.51 vs. 0.12, P<0.001) 

(Appendix 2: Admission subgroup analysis). 

Analysis 1b re-analyzed the primary outcome of hospital 

costs between POCUS available and not available 

cohorts using a 1:1 PSM analysis including LOS as a 
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covariate (unlike 1a where LOS was a dependent 

variable) and demonstrated total hospital and per-day 

costs remained significantly lower with POCUS available 

($19,905 vs. $21,490, P=0.008; $2,776 vs. $3,441, 

P<0.001).  

30-day hospital readmission, ED visits, and HCAHPS 

question scores (Appendix 3: HCAHPS survey) targeting 

physician courtesy/respect, listening, explaining 

understandably, as well as overall hospitalization ratings 

did not differ significantly between groups. 

Analysis 2: POCUS available and used vs. available but 

not used 

In this cohort design, providers with POCUS available 

chose to use it on some patients but not others for 

unknown reasons that may impact outcomes. Therefore, 

comparison of these two groups does not directly assess 

the value of POCUS and introduces potential 

confounding. This 1:4 PSM analysis (including LOS as a 

covariate because of its non-linear impact on variable 

costs and potential influence on decisions to use 

ultrasound) was chosen to compare the two subgroups of 

patients to minimize unaccounted for confounders (Table 

1). It showed a significant reduction in total and per-day 

hospitalization costs, a reduction in total and per-day 

CXRs, as well as a small increase in chest CT and formal 

echocardiograms in the subgroup where POCUS was 

chosen for use (Table 3). 

Discussion 

Through multiple analytic lenses, POCUS availability and 

selected use by IM hospitalist teaching teams was 

significantly, and meaningfully associated with reduced 

hospital costs and CXR use with a slight increase in 

chest CT. The “POCUS available vs. not available” 

analysis (1a) probably best reflects a real-world, system-

Table 1. Patient characteristics 

 Analysis 1a - MVR Analysis 1b - 1:1 PSM Analysis 2 - 1:4 PSM 

Characteristic POCUS 
available 

POCUS not 
available  

P POCUS 
available 

POCUS not 
available  

P POCUS 
used 

POCUS not 
used 

P 

n 9,985 2,414 -- 2,402 2,402 -- 869 3,476 -- 

Age, mean (sd) 65.4 (18.5) 61.2 (17.8) < 0.001 61.41 
(18.47) 

61.23 
(18.54) 

0.73 67.5 (17.0) 67.7 (17.1) 0.76 

Sex, female, n (%) 5,260 (52.7) 1,235 (51.2) 0.18 1,221 (50.8) 1,228 (51.1) 0.84 416 (47.9) 1,743 (50.1) 0.23 

Race, white, n (%) 8,077 (80.9) 2,076 (86.0) <0.001 2,080 (86.6) 2,066 (86.0) 0.56 702 (80.8) 2,840 (81.7) 0.53 

In-hospital mortality, n 
(%) 

223 (2.2) 115 (4.8) <0.001 95 (4.0) 114 (4.8) 0.18 33 (3.8) 109 (3.1) 0.33 

Diagnosis subgroups, n 
(%) 

-- -- -- -- -- -- -- -- -- 

 Pneumonia 1,055 (10.6) 277 (11.5) 0.20 292 (12.2) 276 (11.5) 0.48 171 (19.7) 609 (17.5) 0.14 

 Congestive heart fail-
ure 

2,215 (22.2) 504 (20.9) 0.16 474 (19.7) 498 (20.7) 0.39 310 (35.7) 1,306 (37.6) 0.30 

 Acute kidney injury 2,204 (22.1) 562 (23.3) 0.20 590 (24.6) 557 (23.2) 0.26 255 (29.3) 1,027 (29.6) 0.91 

Severity of illness, n 
(%) 

-- -- <0.001 -- -- 0.90 -- -- 0.96 

1 1,320 (13.3) 341 (14.2) N/D 336 (14.0) 341 (14.2) N/D 48 (5.5) 203 (5.8) N/D 

2 3,816 (38.4) 769 (32.0) N/D 769 (32.0) 769 (32.0) N/D 230 (26.5) 928 (26.7) N/D 

3 3,915 (39.4) 814 (33.9) N/D 837 (34.9) 814 (33.9) N/D 457 (52.6) 1,831 (52.7) N/D 

4 896 (9.0) 478 (19.9) N/D 460 (19.2) 478 (19.9) N/D 134 (15.4) 514 (14.8) N/D 

Diagnosis subgroups represent prespecified diagnoses that were active during a given patient’s hospitalization.  
MVR: multivariable regression; N/D: not determined; POCUS: point-of-care ultrasound; PSM: propensity score 
matched 
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level approach to a POCUS implementation’s per-day 

cost savings in which devices are available for provider 

use based on clinical circumstance, but where POCUS 

isn’t mandated for a group of patients. Total hospital cost 

savings in this primary analysis is certainly driven partly 

by lower LOS which, importantly, may be in part due to 

POCUS but is at risk for confounding overestimating its 

benefit. However, the 1:1 PSM re-analysis (1b) 

containing LOS as a covariate maintained significant 

differences in both total and per-day costs increasing the 

probability that POCUS was impacting outcomes and 

likely underestimating its benefit through some reduction 

in LOS. In every environment there will be patients who 

would have benefited from POCUS but did not receive it, 

and patients who did not benefit or even had additional 

cost or LOS because of an incidental finding. This study 

design and analysis 1 accounts for those aspects of a 

real-world POCUS implementation better than a 

randomized trial might. 

The primary cost endpoints were further evaluated 

between the “POCUS available” subgroups that had 

“POCUS used” vs. those that “could have but 

didn’t” (Analysis 2) and included LOS as a covariate 

instead of a dependent variable. The more modest cost 

savings seen in this analysis likely reflects the non-linear 

relationship of LOS (covariate in this analysis, dependent 

variable in analysis 1a) vs. variable hospital costs, 

significantly lower total and daily hospitalization costs in 

the “POCUS not used” cohort, and the presence of other 

cost or LOS-increasing confounders triggering POCUS 

Table 2. Patient and system outcomes – analysis 1a and 1b 

 Analysis 1a - Multivariable Regression Analysis 

Outcome POCUS available  POCUS not available  Difference  P 

n 9,985 2,414 -- -- 

Length of stay (days) 5.77 (5.63 - 5.91) 6.08 (5.66 - 6.51) -0.31 0.14 

Total hospitalization cost ($) 17,474 (16,397 - 18,010) 21,803 (20,212 - 23,393) -4,329 <0.001 

   Hospitalization cost per day ($) 2,805.88 (2,761.63 - 2,850.13) 3,557.53 (3,426.33 - 3,688.72) -751.65 <0.001 

Total hospitalization radiology cost ($) 705.41 (680.57 - 730.25) 829.12 (755.38 - 902.67) -123.71 <0.001 

   Radiology cost per day ($) 163.11 (155.59 - 170.62) 198.53 (176.23 - 220.84) -35.42  <0.001 

Chest X-Ray total/hospitalization 1.31 (1.26 - 1.37) 1.55 (1.38 - 1.72) -0.24 0.01 

   Chest X-Ray per day 0.22 (0.22 - 0.23) 0.27 (0.24 - 0.29) -0.04 0.09 

Chest CT total/hospital stay  0.22 (0.21 - 0.23) 0.15 (0.11 - 0.19) 0.07 0.001 

   Chest CT per day 0.04 (0.04 - 0.05) 0.03 (0.02 - 0.04) 0.01 0.26 

Echocardiogram total/hospital stay 1.21 (1.17 - 1.24) 1.36 (1.26 - 1.46) -0.15 0.19 

   Echocardiogram per day 0.38 (0.37 - 0.40) 0.41 (0.37 - 0.45) -0.03 0.62 

Ultrasound total/hospital stay 0.35 (0.33 - 0.37) 0.30 (0.24 - 0.35) 0.05 0.04 

   Ultrasound per day  0.08 (0.07 - 0.08) 0.07 (0.05 - 0.09) 0.01 0.73 

 Analysis 1b - 1:1 Propensity Score Matched 

n 2,402 2,402 -- -- 

Total hospitalization cost ($)  19,905 (17,508 - 22,301) 21,490 (19,093 - 23,888) -1,585 0.01 

   Hospitalization cost per day ($) 2,776.46 (2,606.55 - 2,946.38) 3,441.35 (3,271.39 - 3,611.32) -664.89 <0.001 

Analysis 1a and 1b compare outcomes between patients cared for by hospitalists with POCUS available but not nec-
essarily used, and those cared for without POCUS available using multivariable regression (length of stay as depend-
ent variable) and 1:1 propensity score matched (length of stay as covariate) analyses. All values are mean (95% CI) 
unless otherwise noted. POCUS: point-of-care ultrasound; PSM: propensity score matched 
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use by providers such as higher illness burden (not 

captured by SOI index), lack of timely improvement 

prompting POCUS use, etc. Despite these potential cost-

increasing selection biases for POCUS use, savings 

associated with POCUS use were maintained.  

CXR reduction is a well-known POCUS benefit, has been 

shown in ICU and pediatric studies[18, 19], and is 

consistent with our results. The small but identifiable 

increase in chest CT is also congruent with our clinical 

experience. Rarely is CXR additive to a thorough 

pulmonary POCUS exam, so a CT is typically the 

appropriate next test. The diagnostic testing sequence of 

POCUS + CT is overall less radiation and cost compared 

to CXR + CT with better test characteristics [20]. The 

minimal reduction in CXR seen in the pneumonia 

“POCUS available” subgroup may seem counterintuitive; 

however, these CXRs are usually obtained in the ED or 

outpatient setting prior to hospital admissions and rarely 

repeated. The largest reduction in CXR use was seen in 

patients with CHF and AKI active during their 

hospitalization where volume status and ongoing diuresis 

decisions may traditionally prompt a CXR—information 

more accurately gathered with a cardiopulmonary 

POCUS exam [20–24]. 

There is a paucity of POCUS cost effectiveness research 

with virtually none within IM. Cost’s main determinant, 

LOS, has more, but still very limited data. Recently, 

Matthews et al. presented a $743 reduction in patient 

cost for each POCUS exam performed by a hospitalist 

(n=50) [25]. An Italian cost modeling study in 2015 

demonstrated the equivalence of ~$128 cost savings per 

hospital exam and a break-even point for a program of 

734 exams [26]. An Australian trial in hospitalized 

patients with cardiopulmonary symptoms receiving 

cardiac, lung, and vascular POCUS at admission (n=124) 

vs. no POCUS demonstrated no significant difference in 

LOS (113 vs. 125 hr), 30-day readmission (16% vs. 

12%), or total costs (~$6,030 vs. ~$6,079, respectively) 

[21]. Mozzini et al. found a 1 day reduction in LOS in 

hospitalized CHF patients receiving multiple lung 

Table 3. Patient and system outcomes – analysis 2 

 Analysis 2 - 1:4 Propensity Score Matched 

Outcome POCUS used POCUS not used Difference P 

n 869 3,476 -- -- 

Total hospitalization cost 
($) 

15,082 (14,439 - 15,725) 15,746 (15,364 - 16,127) -664 <0.001 

  Hospitalization cost per 
day ($) 

2,685 (2,592 - 2,778) 2,753 (2,698 - 2,808) -68 0.04 

Total hospitalization radi-
ology cost ($) 

642 (590 - 694) 630 (599 - 661) 12 0.23 

  Radiology cost per day 
($) 

146 (132 - 161) 154 (145 - 163) -7 0.17 

Chest X-Ray total/
hospitalization 

1.64 (1.51 - 1.77) 1.16 (1.08 - 1.24) 0.48 < 0.001 

  Chest X-Ray per day 0.31 (0.28 - 0.33) 0.25 (0.23 - 0.26) 0.06 0.001 

Chest CT total/hospital 
stay 

0.30 (0.26 - 0.33) 0.20 (0.18 - 0.22) 0.10 < 0.001 

  Chest CT per day 0.06 (0.05 - 0.07) 0.05 (0.04 - 0.05) 0.01 0.07 

Echocardiogram total/
hospital stay 

0.43 (0.38 - 0.48) 0.34 (0.31 - 0.37) 0.10 < 0.001 

  Echocardiogram per 
day 

0.09 (0.08 - 0.11) 0.07 (0.07 - 0.08) 0.02 0.10 

Ultrasound total/hospital 
stay 

1.30 (1.23 - 1.37) 1.17 (1.12 - 1.22) 0.13 0.05 

  Ultrasound per day 0.33 (0.30 - 0.35) 0.37 (0.35 - 0.38) -0.04 0.86 

Analysis 2 includes patients cared for by hospitalists with POCUS available for use and compares outcomes between 
patients where POCUS was chosen to be used and patients where POCUS was available but not chosen to be used 
using 1:4 propensity score matched (length of stay as covariate) analyses. All values are mean (95% CI) unless other-
wise noted. POCUS: point-of-care ultrasound; PSM: propensity score matched 
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ultrasound exams vs. CXR guiding diuresis [27]. Lucas et 

al. did not identify a significant decrease in LOS for 

hospital patients receiving hand-carried 

echocardiography (n=226), but did identify a significant 

17% reduction in a subgroup of patients with CHF [10]. In 

contrast to these previous studies, our study includes the 

most patients of any published study, with any admission 

diagnosis, a large amount (23%) of abdominal POCUS, 

and multiple patients receiving repeat exams compared 

to single admission exams. An important efficiency 

gained from IM POCUS may be in following changes with 

treatment or use when patients are not responding as 

expected after admission—not captured in studies with a 

single admission POCUS. 

Our results represent a diverse, quaternary-care, patient 

population at a large urban teaching hospital with a 

robust POCUS training program, but should be 

cautiously extrapolated to other settings. We show 

outcomes from the early years of our program because it 

availed the unique setting of attendings functioning as 

their own “control”. Secondly, the outcomes of a program 

after 8-10 years of maturation may be less meaningful for 

programs attempting to justify initial POCUS 

implementation. As a program matures, provider skill and 

recognition of normal variation increases, POCUS as a 

language of communication becomes fluent between 

providers, and system efficiencies likely increase.  

A decision was made to compare patients cared for with 

and without POCUS (n=12,399) among the same group 

of teaching hospitalists (comparing teaching hospitalists 

to themselves in the 4 study cohorts and 2 analyses) 

rather than the alternative of comparing patients cared 

for with POCUS by teaching hospitalists to the much 

larger cohort of patients (n=31,814) cared for without 

ultrasound by non-teaching hospitalists. The subgroup of 

teaching hospitalists invited to that teaching role differ on 

average from our non-teaching hospitalists in complex 

ways, some of which (experience, efficiency, personality, 

test ordering patterns, etc.) have potential to impact 

chosen study outcomes in ways unrelated to POCUS. 

The use of a regression analysis that attempted to adjust 

for this complex set of characteristics between 2 different 

groups of hospitalists (using the “teacher confounder”) 

with the goal of ultimately isolating POCUS as the 

variable impacting study outcomes such as LOS, 

radiology test ordering, patient satisfaction, etc. was 

methodologically weak. We believe the methodologic 

decision to compare teaching hospitalists to themselves, 

despite decreasing the overall number of patients in the 

study, results in a more valid assessment of POCUS’ 

impact on our study outcomes. 

Two audits during our program’s evolution demonstrated 

recording rates for POCUS exams were 87-91%; thus, 

there were likely patients misassigned to the analysis 2 

“was not used” group (~10%)—theoretically 

underestimating POCUS’ benefit in analysis 2 but not 

impacting analysis 1. Proportion of exams changing 

management was not tracked; however, it likely 

resembles that of most POCUS programs during the 

early years of development. Program implementation 

costs (equipment, training, consumables, physician time) 

were not analyzed as this is institution-specific and 

rapidly changing. We did not compile all hospital 

diagnoses in this study but expect over the 4-year study 

period that the diagnosis mix would be reasonably 

balanced between the POCUS available and not 

available cohorts due to the allocation algorithm of 

patient admissions to hospitalists and resident teams. 

Thus, the actual diagnosis mix within a cohort should not 

impact the primary and secondary outcomes assessing 

difference between the POCUS available and not 

available cohorts. Additional savings from LOS reduction 

when POCUS can replace the need to wait for formal 

imaging studies may be seen in other settings, but 

contributed minimally in our setting where imaging was 

readily available [26]. Similarly, POCUS for procedural 

guidance can decrease LOS when delays in radiology-

based scheduling exist, reduce unnecessary procedures, 

and reduce complications associated with landmark-

based procedures [28, 29]. These potential benefits for 

other groups were not part of our analysis as all patients 

had readily accessible ultrasound-guided bedside 

procedures through our procedure team. Potential 

unaccounted for confounders contributing to over- or 

under-estimation of POCUS’ benefit are possible in the 

PSM analyses. Finally, this study did not evaluate 

potential harm from POCUS specifically, but there was 

no difference in 30-day readmission or ED visits for 

patients in the POCUS group, and most other potential 

harms would otherwise be reflected in additional LOS 

and cost. 

Acknowledging these limitations, this study builds on 

currently available anecdotal experience and smaller 

studies demonstrating the impact of POCUS within IM. 

Actual system and patient benefits attributable to IM 

POCUS alone likely resides somewhere between the two 

lenses it has been examined through in this large 

prospective cohort study. However, like for many other 

tools physicians utilize daily with great benefit, we are 

unlikely to see a randomized trial that is capable of truly 

isolating the causal impact of POCUS on hospital metrics 

for the reasons previously discussed and limitations of 

randomized trials. 
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Background 

Rheumatic heart disease (RHD) affects 33 million people 

in low and middle income countries and is the leading 

cause of cardiovascular death among children and young 

adults [1]. RHD develops as a consequence of acute 

rheumatic fever which primarily affects children and will 

lead to RHD in 60% of cases [2]. Early identification of 

RHD has become a cornerstone of prevention strategies 

and echocardiography can identify ten times the number 

of affected children when compared to physical exam [3]. 

In 2012, the World Heart Federation (WHF) updated their 

guideline for the diagnosis of asymptomatic or latent RHD 

including criteria for ‘definite’ and ‘borderline’ disease [4]. 

Using this guideline, cross-sectional echocardiographic 

studies have found a substantial burden of disease 

around the globe [5-9]. Once identified, latent RHD 

appears to follow a heterogeneous course but recent 

evidence supports the benefit of secondary prophylaxis 

with penicillin [10]. 

While the WHF criteria serve as the gold standard for 

making a diagnosis of RHD, they are impractical for 

population-based screening programs due to time, cost, 

and resource availability [11]. Efforts to expand 

echocardiographic screening are focusing on simplified 

protocols, non-physician ultrasonographers, and portable 

ultrasound devices, including handheld ultrasound [12]. 

Research 
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Background: Rheumatic heart disease (RHD) affects 33 million people in low and middle income countries and is the 

leading cause of cardiovascular death among children and young adults. Penicillin prophylaxis prevents progression in 

asymptomatic disease. Efforts to expand echocardiographic screening are focusing on simplified protocols, non-

physician ultrasonographers, and portable ultrasound devices, including handheld ultrasound. Recent advances 

support the use of single-view screening protocols. With the increasing availability and low cost of handheld devices, 

studies are needed to evaluate their performance in these settings. Methods: We conducted a retrospective study 

comparing the rate of screen positive ultrasounds before and after the use of a handheld ultrasound in an RHD 

screening program in Ethiopia. We also performed a cross-sectional device comparison in 19 at-risk school-children 

participating in the rheumatic heart disease screening program. Results: Between March of 2019 and January of 

2022, 6631 children were screened for rheumatic heart disease of whom 4029 were screened after the introduction of 

a handheld device. Before the use of the handheld ultrasound device 291 (11.2%) children had a screen positive 

ultrasounds  compared with 167 (4.1%) afterwards (p<0.001). We also compared non-expert to expert interpretation by 

device and found a significant difference in interpretation for the Lumify (p=0.025). There was a trend towards shorter 

jet length by color Doppler in the handheld ultrasound device for both expert and non-expert review. Conclusions: Our 

study highlights that the screen-positive rate in a RHD screening program is influenced by the device being used in the 

screening process. 

*Corresponding Author: Zachary P. Kaltenborn, MD (email: kalt0020@umn.edu) 

This work is licensed under a Creative Commons Attribution 4.0 International License. 

Author(s) retain the copyright for their work. At the time of submission to POCUS Journal the author(s) grant the journal a limited and 

non revokable right to publish in the Journal under a Creative Commons Attribution 4.0 International License. 

DOI: https://doi.org/10.24908/pocus.v8i2.16390 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.24908/pocus.v8i2.16390


194 | POCUS J | NOV 2023 vol. 08  iss. 02 

For example, Beaton et al. demonstrated that pediatric 

cardiologists employing a simplified handheld ultrasound 

protocol can achieve high diagnostic accuracy [13]. 

However, shortages of echocardiographers and 

cardiologists in many endemic regions limit the 

expansion of population-based screening programs [14].  

Efforts to expand the screening responsibilities to include 

a non-physician workforce could overcome this limitation 

[15]. Through focused training, non-physician 

ultrasonographers using simplified screening protocols 

can achieve sensitivities and specificities for detecting 

early RHD ranging between 74-84% and 78-90% 

respectively [16-19]. Studies evaluating single image 

protocols with color Doppler of the mitral and aortic 

valves have demonstrated sensitivity of 73-92% and 

specificity of 75-100% for latent RHD and screening 

times of 1-4 minutes [20-23]. More recently, an 

augmented single-view screening protocol was 

prospectively evaluated in a cohort of school-children in 

Timor-Leste and demonstrated a sensitivity of 100% and 

a specificity of 95% when completed by an expert 

cardiologist using standard echocardiography equipment 

[24]. While there is increasing evidence that single view 

screening protocols can adequately detect latent RHD, 

there is no consensus on the criteria that define a 

positive screen [21,24,25]. Furthermore, implementation 

of handheld ultrasound protocols have not been widely 

evaluated and the real-world sensitivity and specificity 

may miss numerous cases of latent RHD while still 

referring multiple normal children for confirmatory 

echocardiograms [26]. Our study aims to expand what is 

known about the performance of handheld devices in 

RHD screening programs and how they impact referrals 

for confirmatory echocardiograms.  

Methods 

Study Setting 

In April of 2019, Soddo Christian Hospital began 

operating a RHD screening program following our 

previously described protocol [23]. The screening team 

consists of six locally trained RHD screeners under the 

supervision of an onsite physician. The screeners were 

recruited from a wide range of hospital staff including 

nurses, technicians, receptionists, and sanitation 

personnel. These personnel were selected through an 

internal application process. All screeners completed a 

mentored training program to become proficient in 

executing a single parasternal long-axis view of the heart 

with and without color-Doppler.  

 

Study Design 

From April 2019 through December 2019, the screening 

team used a portable Sonosite M-turbo ultrasound 

machine. Starting in December 2019, the screening team 

began to use a Philips Lumify hand-held ultrasound 

device. Over a two-day period in November 2019, we 

conducted a comparison study between ultrasound 

devices after which time the screening team began to 

use the handheld device for all future school-based 

screenings. On both study days, all children screened 

were between the ages of 15-18 and from the same 

school. For the screening, a portable Sonosite M-turbo 

ultrasound machine was used with a 5-1Mhz phased 

array ultrasound probe. A Nyquist limit of 72 cm/s was 

used for color Doppler images with a frame rate of 

16.667 Hz. All children determined to be positive by the 

screening team, as well as a random sample of children 

undergoing screening, were selected for a device 

comparison study. To minimize differences observed 

between devices, all children underwent repeat 

screening echocardiogram using the Sonosite M-turbo by 

a trained pediatric cardiac sonographer. This same 

echocardiographer then used a Philips Lumify hand-held 

ultrasound device using a S4-1 Mhz phased array probe. 

For color Doppler imaging, the Lumify device has a fixed 

Nyquist limit of 60 cm/s and an auto-adjusting frame rate. 

Two and three second video clips were stored on the 

Sonosite and Philips devices respectively. Images were 

then transferred onto encrypted flash drives and 

transferred onto secure hard drives for analysis. Clips 

contained a parasternal long-axis view of the heart with 

and without color Doppler. No associated demographic 

information was stored, and a random number was used 

to link the individual between devices. Where 

appropriate, separate images were saved for the aortic 

and mitral valves. Our study intervention did not alter the 

recommendations of the screening team and all children 

determined to be positive by the screening team were 

referred per protocol for confirmatory echocardiogram 

using a modified WHF criteria as the gold standard as 

described previously [23]. This study was reviewed and 

approved by the Institutional Review Boards of Soddo 

Christian Hospital and the University of Minnesota.  

Study Tool 

All identifying information was removed from the stored 

video clips. Due to obvious differences in image quality 

and clip duration, interpretation could not be blinded by 

device. All images were randomly arranged for analysis 

so that the interpreting study investigator was not able to 

compare images from one individual to another. 

Interpretation data were collected and managed using 

REDCap electronic data capture tools hosted at the 

University of Minnesota [27]. A 16-item interpretation 

survey was designed to capture the required elements 

for determining if the ultrasound was screen positive or 

screen negative. For the purposes of this study and 
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within the RHD screening program, a screening 

ultrasound was positive if the following criteria were met: 

(1) A pansystolic and multicolored regurgitation at the 

mitral valve by color Doppler estimated at a length of 

more than 1.5 cm. If the regurgitation was eccentric, an 

estimated length of more than 1 cm was considered 

positive; (2) Any regurgitation at the aortic valve; (3) Any 

valvular abnormalities consistent with RHD. These 

criteria were derived from the findings of published 

studies and expert consensus [10,20,21,23,24]. Two 

study investigators reviewed all ultrasounds, one an 

experienced cardiologist (R.J., expert) and the other an 

internal medicine and pediatric hospitalist (Z.K., non-

expert) with experience in the use of point of care 

ultrasound. This design was used to capture differences 

in non-expert interpretation as might occur during routine 

school-based screenings.  

Statistical Analysis 

The primary objective of the comparison study was to 

determine the agreement between devices for each 

reader. For each reader, the agreement between devices 

was summarized and compared using McNemar’s test 

for paired samples. A secondary objective was to 

determine the agreement between reviewers for each 

device. Demographics were compared before and after 

the Lumify device was implemented using Wilcoxon rank 

sum, Chi-square of Fisher’s exact tests, when 

appropriate. Screen-positive rate before and after the 

transition to using the handheld device was summarized 

and compared using logistic regression. Odds ratios 

(OR) and 95% confidence intervals (CI) were obtained. 

All reported p-values are two-sided and significance level 

of 0.05 was used. Statistical analyses were performed 

using R (version 3.6.1, R Core Team) and SAS (version 

9.4, SAS Institute Inc., Cary, North Carolina). 

Results 

Between April 2019 and December 2019, 2602 children 

ages 6-18 underwent screening for RHD (Table 1). 

During this time, 291 (11.2%) children had a positive 

screen and were referred for a confirmatory 

echocardiogram. Between December 2019 and January 

2022, 4027 children ages 6-18 underwent screening for 

RHD. During this time, 167 (4.1%) had a positive screen 

and were referred for a confirmatory echocardiogram 

which was statistically significantly different than before 

the Lumify device was implemented (p<0.001).  Logistic 

regression demonstrated a significantly lower odds of a 

positive screening exam following the introduction of the 

Lumify device, even after adjusting for age and gender 

(adjusted OR: 0.25, 95% CI: 0.2. 0.31, p<0.001, Table 2). 

More of the schools were classified as public following 

the transition (85.4% vs 19.3%, p<0.001). We also 

performed an analysis of the rates of screen positivity for 

each school over time, including the time of the transition 

in device which shows an abrupt change in screening 

positive even within the same school (p<0.001, Figure 1). 

Screen-positive children were referred for a confirmatory 

ultrasound. Complete data was not available for each 

confirmatory echocardiogram but there was a statistically 

significant change in the distribution of MR jet lengths (for 

those with a measurable value) as assessed by color 

Doppler (p< 0.001, Table 3).  

Figure 1. Rate of 

screening positivity 

for each school, 

including the school 

in which the 

transition occurred. 

(p<0.001). 
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 Table 1. Comparison of demographics and screening results for all children before and after Lumify device. 

Variable All children (N=6629) All children screened before Lu-
mify device (N=2602) 

All children screened after Lu-
mify device (N=4027) 

P-value* 

Age    <0.001 

    Mean (SD)  14.3 (2.9)  13.1 (3.1)  15.2 (2.4) 

    Median (Range)  15.0 (1.0, 18.0)  13.0 (1.0, 18.0)  15.0 (7.0, 18.0) 

Gender, n (%)    <0.001 

    Number missing  2  1  1 

    Female  5422 (81.8%)  2374 (91.3%)  3048 (75.7%) 

    Male  1204 (18.2%)  227 (8.7%)  977 (24.3%) 

    Other  1 (0.0%)  0 (0.0%)  1 (0.0%) 

Echo screening result, n (%)    <0.001 

    Negative  6171 (93.1%)  2311 (88.8%)  3860 (95.9%) 

    Positive  458 (6.9%)  291 (11.2%)  167 (4.1%) 

Confirmatory echo, n (%)    0.110 

    Number missing  6202  2317  3885 

    Abnormal  425 (99.5%)  285 (100.0%)  140 (98.6%) 

    Normal  2 (0.5%)  0 (0.0%)  2 (1.4%) 

MR jet length, n (%)    <0.001 

    Number missing  6204  2317  3887 

    1-1.4 cm  130 (30.6%)  51 (17.9%)  79 (56.4%) 

    1.5-2 cm  287 (67.5%)  229 (80.4%)  58 (41.4%) 

    >2 cm  8 (1.9%)  5 (1.8%)  3 (2.1%) 

School, n (%)    - 

    1  335 (5.1%)  0 (0.0%)  335 (8.3%) 

    2  600 (9.1%)  600 (23.1%)  0 (0.0%) 

    3  508 (7.7%)  255 (9.8%)  253 (6.3%) 

    4  501 (7.6%)  501 (19.3%)  0 (0.0%) 

    5  502 (7.6%)  502 (19.3%)  0 (0.0%) 

    6  247 (3.7%)  247 (9.5%)  0 (0.0%) 

    7  1285 (19.4%)  0 (0.0%)  1285 (31.9%) 

    8  497 (7.5%)  497 (19.1%)  0 (0.0%) 

    9  897 (13.5%)  0 (0.0%)  897 (22.3%) 

    10  1257 (19.0%)  0 (0.0%)  1257 (31.2%) 

School location, n (%)    - 

    Urban  6629 (100.0%)  2602 (100.0%)  4027 (100.0%) 

School type, n (%)    <0.001  

    Private  2688 (40.5%)  2100 (80.7%)  588 (14.6%) 

    Public  3941 (59.5%)  502 (19.3%)  3439 (85.4%) 

*P-value is for Wilcoxon rank-sum test for age and Chi-square or Fisher’s exact test for categorical variables. 
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During the two-day in-field comparison, 202 children 

underwent screening ultrasounds. A total of 13 children 

had screen positive exams. An additional 5 children were 

randomly selected to have an ultrasound with both 

devices for a total of 19 children were included in the 

device comparison. All study ultrasounds contained 

adequate visualization of the mitral valve to assess for 

soft tissue and color Doppler abnormalities. All 

ultrasounds contained adequate imaging of the aortic 

valve. Four ultrasounds (3 M-turbo and 1 Lumify) 

contained inadequate color Doppler of the aortic valve by 

expert review secondary to imperfect capture of the 

aortic valve by the Doppler window.  

When comparing non-expert to expert interpretation by 

device, the Lumify was more likely to be interpreted as 

screen negative (p=0.025, Table 4). We undertook a 

detailed evaluation of the three children in which non-

expert interpretation was in agreement with the M-turbo 

but not the Lumify (Table 5). There were important 

differences between expert and non-expert interpretation 

of the color Doppler images which impacted the screen 

status. Review of the observed mitral regurgitation in 

these children demonstrated more subtle color Doppler 

findings when viewed using the Lumify device (Figure 2).   

Discussion 

Introduction of a handheld ultrasound device into an 

active school-based RHD screening program in Ethiopia 

significantly decreased the number of screen-positive 

ultrasounds. Among a small-sample of adolescent 

children, our device comparison highlights important and 

measurable differences between the handheld Philips 

Lumify and the Sonosite M-Turbo. When comparing 

screen status by device, there was a statistically 

significant difference between expert and non-expert 

interpretation using the Lumify. Overall, mitral jets 

trended towards appearing shorter when viewed on the 

Lumify.  

Single-view screening protocols for the detection of latent 

RHD are increasingly demonstrating strong sensitivity 

and specificity [21,24]. However, most studies to date 

have not evaluated the impact of handheld devices in the 

field. With the increasing availability and low cost of 

these devices, teams around the world have already 

started to employ modified versions of published single-

view screening criteria [6]. While these efforts are 

needed to help realize the potential of population based 

screening for RHD, our study demonstrates that there 

are important differences between ultrasound devices 

Table 2. Logistic regression results for echo screening result for all children before and after Lumify device. 

 Unadjusted Adjusted 

 OR (95% CI) P-value*
 

OR (95% CI) P-value*
 

Before Lumify device Reference <0.001 Reference <0.001  

After Lumify device 0.34 (0.28, 0.42) 0.25 (0.20, 0.31) 

*Logistic regression models with and without adjustment for age and gender were used. 

Figure 2. Side-by-side images from the same child illustrating the differential appearance of mitral regurgitation by 

color Doppler between the M-turbo (A) and the Lumify (B). These images represent the most abnormal jet from the 

respective video clips as determined by expert review.  
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that may impact the rate of screen-positivity even when 

the screening protocol remains constant.  

Limitations 

Our study has many important limitations. While all 

images were captured by the same experienced pediatric 

cardiac sonographer, differences in image acquisition 

may explain some of the differences observed. Some 

differences are expected between expert and non-expert 

interpretation of echocardiograms for RHD screening 

[16,18,28,29]. However, it is notable that agreement 

regarding screen status on the M-turbo device was 

extremely high between reviewers with no case of screen

-positive valvular regurgitation being missed by non-

expert review suggesting that differences in appearance 

between the ultrasound devices explains the discordance 

in screen status. However, the careful and nuanced 

review as performed by study personnel may not 

accurately capture the more rapid in-field interpretation 

done by the screening team which may favor referral, 

even for cases where the screening test does not meet 

rigorous criteria. Given the importance of mitral 

regurgitation in the early detection of RHD, we believe 

this trend is largely responsible for the observed change 

in screen-positive ultrasounds.  

There are inherent differences between the devices. The 

Phillips Lumify has a fixed Nyquist limit of 60 cm/s 

whereas the Sonosite M-turbo can be adjusted. For the 

purposes of this study, the Nyquist limit on the M-turbo 

was set a 72 cm/s. The Nyquist limit on the M-turbo was 

not adjusted to minimize interruptions to the standard 

imaging settings already employed by the screening 

team. Interestingly, our observed trend towards lower jet 

lengths in the Lumify are not readily explained by the 

lower Nyquist limit as one would expect increased 

aliasing and artifact given the high velocities being 

observed [30]. Reducing the Nyquist limit in the M-turbo 

Table 4. Comparison of screen status by reviewer for each device. 

M-Turbo 

  Non-expert review positive Non-expert review negative P-value* 

Expert review positive 5 (26.3%) 1 (5.3%) 

0.317 
Expert review negative 0 (0.0%) 13 (68.4%) 

Lumify 

  Non-expert review positive Non-expert review negative P-value* 

Expert review positive 2 (10.5%) 5 (26.3%) 
0.025 

Expert review negative 0 (0.0%) 12 (63.2%) 

*P-value is for McNemar’s test for paired samples. 

Table 3. Summary of MR jet lengths as determined by color Doppler for those children who underwent confirmatory 
echocardiogram following device transition. 

Variable 
MR jet lengths before Lumify 
transition (N=291)  

MR jet lengths after Lumify 
transition (N=167)  

P-Value* 

MR jet length, n (%)   

<0.001  

Did not receive confirmatory echo-
cardiogram 

 6  25 

    1-1.4 cm  51 (17.9%)  79 (55.6%) 

    1.5-2 cm  229 (80.4%)  60 (42.3%) 

    >2 cm  5 (1.8%)  3 (2.1%) 

*P-value is for Fisher’s exact test. 
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would have exacerbated the observed discrepancies in 

jet length which suggest the jet length discrepancy is 

related to other factors.  

Most importantly, we report primarily on the impact of the 

handheld device on the rate of screen-positivity from the 

schools. As described, all children with a screen-positive 

exam were referred for a confirmatory echocardiogram 

using a modified version of the WHF criteria.  Complete 

confirmatory results were not available for all children but 

we did observe a significant change in the distribution of 

MR as estimated by color Doppler. Our team has since 

developed a more complete and accurate process of 

capturing the complete results of the confirmatory 

echocardiograms. However, the lower number of 

referrals with a smaller number of intermediate jet 

lengths does imply a higher degree of specificity. How 

the Lumify device may have impacted sensitivity and this 

important question is not well answered by this study.  

Rigorous studies evaluating non-expert ultra 

sonographers typically show a high-degree of sensitivity 

with most limitations found in the specificity. However, 

recent work by others in the field using a similar 

handheld device have also found  that programs may 

need to consider impacts that are device specific [31]. 

Our observed change in screen-positivity appeared to 

persist even after controlling for important confounding 

variables such as age and gender. Ongoing quality 

improvement monitoring within our program is notable for 

extremely rare falsely negative screening 

echocardiograms with increasing specificity noted 

overtime which is an important source of confounding. 

Table 5. Comparison of the mitral valve regurgitation in three children where there was disagreement in screen status 
between expert and non-expert review.  

 Expert Non-expert 

Device M-Turbo Lumify ** M-turbo Lumify 

Child 1         

Mitral jet length 1-1.5 cm 1-1.5 cm 1.5-2 cm 1.5-2 cm 

Pansystolic Yes Yes Yes No 

Eccentric Yes Yes Yes No 

Multi-colored No Yes Yes Yes 

Screen Positive Yes Yes Yes No 

Child 2         

Mitral jet length 1.5-2 cm 1-1.5 cm > 2 cm < 1 cm 

Pansystolic Yes Yes Yes No 

Eccentric Yes Yes Yes No 

Multicolored Yes Yes Yes No 

Screen Positive Yes Yes Yes No 

Child 3*         

Mitral jet length 1-1.5 cm 1-1.5 cm 1.5-2 cm 1-1.5 cm 

Pansystolic Yes Yes Yes No 

Eccentric Yes No Yes No 

Multicolored Yes No Yes No 

Screen positive Yes Yes Yes No 

* Child 3: On Lumify device, thickening was noted on the mitral valve but not seen on corresponding M-turbo image for 
expert review. ** Lumify: Color Doppler Frame rates varied per child: 1. 17 Hz., 2. 14 Hz., 3. 15 Hz. 
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However, when analyzed by school, there was an abrupt 

change in the screen-positive rate. Sequential 

improvement in screener sensitivity would likely have 

been observed to occur over a longer and more gradual 

period of time. It is important to note that the distribution 

of public versus private schools varied across the time of 

device transition and may have impacted the rate of 

screen-positivity we observed.  Our program also started 

in the center of town for ease of access by car. We then 

sequentially worked our way to the outskirts of town and 

then into the surrounding areas. The definitions of urban 

versus rural are challenging to define in this environment. 

Though all schools presented in this study were 

categorized as urban, many were located on the outskirts 

of town and still required rough travel by dirt roads and 

off-road vehicle.  

Conclusion 

The differences observed in our study suggest that the 

thresholds used to determine the ideal positive screen 

may be influenced by unique and unpredictable 

performance characteristics of the ultrasound device 

being utilized. Our study highlights that the ideal criteria 

for determining a screen positive ultrasound may vary by 

ultrasound device as well as screener experience and 

skill. Criteria that move away from length based 

estimations of color Doppler jets and focus on other 

characteristics of pathological regurgitation seen in latent 

RHD may be preferable [24]. Even among expert 

cardiologists, length based estimations of mitral and 

aortic regurgitation are subject to variability when making 

a confirmatory diagnosis [32]. Until further evidence is 

available, the use of handheld devices for RHD 

screening should be approached cautiously to avoid 

missing cases that would otherwise be referred for 

confirmatory echocardiograms.  
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Background 

Goal-directed critical care ultrasound (CCUS) has 

become a necessary skill set for clinicians managing 

critically ill patients. The Accreditation Council for 

Graduate Medical Education (ACGME) includes CCUS 

among the core procedural requirements specifically for 

trainees in anesthesia and emergency medicine 

residencies [1,2]. However, the Program Requirements 

for ACGME-accredited pulmonary and critical care 

medicine (PCCM) fellowships are less specific and more 

limited in scope [3]. The ACGME requires that trainees 

demonstrate competence in the use of ultrasound to 

guide invasive procedures, and knowledge of imaging 

techniques that are used to evaluate pulmonary disease 

and critical illness, including ultrasound, but does not 

specify further which specific CCUS exams should be 

learned, how bedside CCUS exams should be 

supervised, nor how competency should be assessed. 

Several international pulmonary and critical care societies 

have since provided detailed guidelines and expectations 

in achieving competency in CCUS that have not been 

uniformly adopted across training programs
 
[4-6]. These 

guidelines are based on expert consensus as there is 

little evidence on which to base recommendations 

currently. 

Previous surveys of pulmonary and critical care medicine 

program directors demonstrated a heavy emphasis on 

informal bedside teaching of ultrasonography skills 

despite low reported levels of CCUS competency among 

faculty (i.e. PCCM attendings that routinely work and train 

fellows in the workplace setting) [7,8]. There currently 

exists a knowledge gap in the literature in the following 

areas of CCUS competency in PCCM training programs:  

identifying the effectiveness of commonly utilized 

teaching methods for CCUS; the specific assessment 

tools by which training programs assess for competency 

in CCUS; and the frequency with which these 

assessments occur during fellowship training [9]. 

Additionally, little is known about methods being used to 

assess CCUS competency of teaching faculty in PCCM. 

Research 
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Better understanding of these gaps will allow for more 

transparency among pulmonary-critical care fellowship 

training programs regarding CCUS competency 

assessment of fellows and faculty, and allow for better 

standardization among programs nationwide. Our 

objectives were to investigate perceptions and methods 

utilized by fellows and teaching faculty in U.S. training 

programs to achieve and assess competency in CCUS. 

Methods 

This study was approved by the New York University 

Grossman School of Medicine (NYUGSOM) Institutional 

Review Board (s18-00282). We conducted two cross-

sectional surveys on CCUS competency from September 

to December of 2018: a survey of ACGME-

accredited PCCM fellowship program directors or their 

designees, and a survey of PCCM fellows in ACGME-

accredited programs.  

Surveys were designed through an iterative process of 

development that incorporated feedback from three 

groups at our institution: faculty experts in CCUS, PCCM 

fellowship program key clinical faculty, and senior PCCM 

fellows. The surveys were distributed via email to 

148 PCCM fellowship program directors in the U.S. and 

Canada by the Association of Pulmonary and Critical 

Care Medicine Program Directors (APCCMPD). We 

asked PDs or their designee to complete the online PD 

survey, and forward a link to a second online survey to 

their fellows. We sent follow-up emails once a month for 

two months.  

The PD survey asked questions regarding methods used 

to teach CCUS to their fellows and their perceived 

effectiveness, perceived CCUS competency of their 

fellows and their teaching faculty that work with their 

fellows, and methods used to assess CCUS competency 

of their fellows and teaching faculty (see Appendix A for 

full PD survey).  The Fellows survey asked questions 

regarding methods used to learn CCUS and their 

perceived effectiveness, their performance numbers of 

CCUS examinations, their perceived CCUS competency, 

and methods of CCUS competency assessment used by 

their programs (see Appendix B for full Fellows survey).  

Both surveys captured basic demographic 

information about respondents and training 

programs.  Survey responses were anonymous and no 

personally identifiable information was collected. Survey 

study data was collected and managed using REDCap® 

(Research Electronic Data Capture) electronic data 

capture tools hosted at NYU Grossman School of 

Medicine [10,11]. We analyzed survey responses with 

IBM SPSS Statistics for Macintosh (Version 27.0, 

Armonk, NY) using descriptive statistics [12]. 

Results 

Program Director and Fellow Surveys: Demographics 

Forty program directors completed the PD survey 

(response rate of 27% of all programs); the total number 

of fellows that received survey invitations is unknown and 

a response rate cannot be definitively calculated but we 

estimated a response rate of 18%.  Program and fellow 

Table 1. Fellowship Program and Fellow Demographics  

  From PD Survey (n, %) From Fellows Survey (n, %) 

Program Type 

Combined Pulmonary/Critical Care Medi-
cine 

36 (90%) 95 (86%) 

Critical Care Medicine only 4 (10%) 16 (14%) 

Program Setting 

Academic (University-based) Hospital 35 (88%) 87 (78%) 

Community (University-affiliated) Hospital 5 (13%) 20 (18%) 

Community Hospital 0 (0%) 4 (4%) 

Size of Fellowship 

1-5 Fellows 5 (13%) 10 (9%) 

6-15 Fellows 26 (65%) 67 (60%) 

>15 Fellows 9 (23%) 34 (31%) 

Year of Fellowship 

First year   38 (34%) 

Second year 43 (39%) 

Third year 25 (23%) 

Fourth year or greater 5 (5%) 

Values shown as number of and percentage of respondents 
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demographics are described in Table 1.  The vast 

majority were combined PCCM fellowship programs 

(90% on PD survey, 86% on fellow survey), academic 

(88%, 78%), and moderately sized (6-15 fellows, 65%, 

60%).  Responding fellows represented a spectrum of 

training years (1st year—34%, 2nd year—39%, 3rd 

year—23%, 4th year—5%). 

Program Director and Fellow Surveys: Perceived Faculty 

Competence  

The majority of PDs thought the vast majority (76-100%) 

of their faculty were competent to perform US-guided 

vascular access (62%) and US-guided drainage catheter 

placement (64%). The majority of PDs (59%) felt that the 

majority or vast majority (51%-100%) were competent in 

lung/pleural US. However, only a minority of PDs 

believed that the majority or vast majority (51%-100%) of 

their faculty were competent in goal-directed cardiac 

echo (36% of PDs), abdominal/kidney US (23%), and 

lower extremity DVT studies (18%). 

We also performed a sub-analysis to explore if PD’s 

perception of faculty CCUS competence correlated with 

their perception of fellow CCUS competence and the 

strength of that correlation. Spearman’s rank correlation 

was computed to assess the relationship between PD’s 

perception of faculty competence and fellow competence 

for the 5 different CCUS examinations. There was a 

statistically significant positive correlation for goal-

directed echo, r(38) = [0.436], p=0.006; and DVT studies, 

r(38) = [0.624], p <0.001. It was not statistically 

significant for US-guided vascular access (p=0.05), US-

guided drainage catheter placement (p=0.271), or lung/

pleural US (p=0.089). 

Methods of Teaching and Learning CCUS, and Number 

of CCUS Exams Performed by Fellows 

Methods of teaching and learning CCUS and their 

perceived effectiveness are documented in Table 2. 

Utilized methods of teaching CCUS (PD survey) and 

methods of learning CCUS (Fellow survey) were similar 

for the two surveys--local lecture-based teaching (88%, 

74% respectively), directly supervised bedside CCUS 

exams with feedback (85%, 74%), local hands-on 

workshops (73%, 69%), and self-directed learning (70%, 

77%). Slightly lesser use included regional/national 

courses (58%, 48%), case-based didactics (65%, 52%), 

and unsupervised archival of images with subsequent 

review for teaching (60%, 51%). PD and Fellow 

perceptions of usefulness for these different teaching/

learning methods were similar. Percentage of PDs and 

Fellows that perceived the different teaching/learning 

methods as “very” or “extremely useful” on 5-point Likert 

scale were: hands-on local workshops (100% of PDs, 

83% of fellows), directly supervised bedside CCUS 

Table 2. Methods of Teaching and Learning CCUS. 

  From PD Survey (n, 
%) 

From Fellows Survey 
(n, %) 

From PD Survey (n, 
%) 

From Fellows Survey 
(n, %) 

Teaching and Learn-
ing Method 

Utilized by Programs to 
Teach CCUS (n, %) 

Utilized by Fellows to 
Learn CCUS (n, %) 

PD Perceived "Very" to 
"Extremely Useful" (n, 
%)* 

Fellow Perceived 
"Very" to "Extremely 
Useful" (n, %)* 

Regional/national 
courses 

23 (58%) 53 (48%) 17 (70%) 47 (89%) 

Lectures at your insti-
tution 

35 (88%) 82 (74%) 19 (60%) 46 (57%) 

Case-based confer-
ences at your institu-
tion 

26 (65%) 58 (52%) 19 (70%) 34 (59%) 

Hands-on workshops 
at your institution 

29 (73%) 77 (69%) 29 (100%) 63 (83%) 

Directly supervised 
bedside CCUS exams 

34 (85%) 82 (74%) 31 (90%) 77 (94%) 

Unsupervised CCUS 
exams with saved im-
ages and subsequent 
reviewal 

24 (60%) 57 (51%) 17 (43%) 29 (51%) 

Self-directed learning 28 (70%) 85 (77%) 9 (30%) 41 (49%) 

Other (blogs, US/echo 
tech rotation, simula-
tion, US elective) 

4 (10%) 2 (2%) N/A N/A 

5-point Usefulness scale (1= Useless, 2= Not Very Useful, 3= Somewhat Useful, 4= Very Useful, 5= Extremely Useful); values 
shown as number of and percentage of respondents; 

*Percentage calculation--Numerator reflects number of respondents reporting "Very" or "Extremely Useful", and denominator re-
flects number of respondents actually utilizing the teaching/learning method. 
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exams with feedback (90%, 94%), regional/national 

courses (70%, 89%), local lectures (60%, 57%), local 

case-based conferences (70%, 59%); unsupervised 

CCUS with archival of images and subsequent review 

(43%, 51%) and self-directed learning (30%, 49%) were 

rated as less useful. 

Number of each CCUS examination performed by fellows 

over their fellowship is displayed in Figure 1. Percentage 

of fellows performing greater than 20 examinations 

varied by specific CCUS examination type: 90% for US-

guided vascular access, 68% for US-guided drainage 

catheter placement, 69% for goal-directed 

echocardiography, 66% for lung/pleural US, 33% for 

abdominal US, and 19% for DVT studies. 

Program Director and Fellow Surveys: Methods of 

Assessing Fellow and Faculty CCUS Competency  

Methods of assessing fellows for CCUS competency are 

detailed in Table 3. The majority of PDs (54%) report 

never formally assessing fellows for CCUS competency, 

and the majority of fellows (67%) also reported never 

receiving formal competency assessment. Of the 

programs that do assess their fellows for CCUS 

competency, the most used method was global 

assessment by expert faculty (67% on PD survey, 70% 

on fellow survey). Half of PDs who engage in fellow 

CCUS assessments reported using formal review of 

archived real patient images, practical exam on real 

patients, and use of a standardized assessment tool. 

However, fellows report all methods other than global 

assessment by faculty to be used in the minority of their 

programs. Of the programs that do assess their fellows 

for CCUS competency, the specific CCUS exams being 

tested varied: procedural guidance 61% use on PD 

survey and 46% use on fellow survey; goal-directed Echo 

78% and 62% respectively; lung/pleural US 67% and 

59%; abdominal/kidney US 33% and 38%, and lower 

extremity DVT study 50% and 35% respectively. 

Ninety percent of PDs reported never assessing their 

teaching faculty for competence in performing CCUS 

examinations, and 8% did so only pre-

employment.  Given the very low prevalence of faculty 

competency assessment in general, data on methods of 

assessing faculty competence or specific examinations 

being assessed were deemed too small to draw 

conclusions and thus not reported. 

Regarding the documentation of CCUS competency, only 

28% of PDs and 7% of fellows reported having a 

requirement for completion of a designated number of 

CCUS examinations prior to fellowship graduation, and 

only a small minority utilize an electronic portfolio to save 

their clips and images (18% per PDs and 6% per 

fellows). 

Figure 1. Reported Number of Each 

CCUS Examination Performed by 

Fellows Over the Course of 

Fellowship Training. 

Fellows were asked the number of 

each CCUS examination (US-guided 

vascular access, US-guided drainage 

catheter placement, goal-directed 

echocardiogram, lung/pleural US, 

abdominal US, and DVT study) that 

they had performed during their 

fellowship.  Results are displayed in 

bar graph format with X-axis 

representing the percentage of fellows 

(%), and the Y-axis the number of 

each examination performed.  

Percentage of fellows performing 20 

exams or fewer varied by specific 

CCUS exam– 10% for vascular 

access, 32% drainage catheter 

placement, 31% goal-directed Echo, 

34% lung/pleural US, 67% abdominal 

US, and 81% DVT study. 
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 Table 3: Assessing CCUS Competency 

  PD Survey Fellow Survey 

Fellows (n, %) Teaching Faculty (n, %) Fellows (n, %) 

Frequency of formal CCUS competency assessments (n= 39 for PD survey; n= 111 for Fellow survey) 

More than once a year 7 (18%) N/A 14 (13%) 

Every year 7 (18%) N/A 19 (17%) 

Once at the end of training 4 (10%) N/A 4 (4%) 

Pre-employment N/A 3 (8%) N/A 

More than once, but not yearly N/A 1 (3%) N/A 

Never 21 (54%) 35 (90%) 74 (67%) 

Methods of assessing CCUS competency* (n= 18 for PD survey; n= 37 for Fellow survey) 

Global assessment by expert 
faculty 

12 (67%)   26 (70%) 

Multiple-choice question exam 5 (28%) 12 (32%) 

Formal review of archived real 
patient images 

9 (50%) 11 (30%) 

Practical exam on mannequin/
simulator 

5 (28%) 3 (8%) 

Practical exam on standard-
ized patient 

5 (28%) 8 (22%) 

Practical exam on real patient
(s) 

9 (50%) 8 (22%) 

Use of a standardized assess-
ment tool 

9 (50%) 12 (32%) 

Formal assessment by specific CCUS Exam type*  (n= 18 for PD survey; n= 37 for Fellow survey) 

Procedural guidance 11 (61%)   17 (46%) 

Goal-directed Echo 14 (78%) 23 (62%) 

Lung/Pleural US 12 (67%) 22 (59%) 

Abdominal/Kidney US 6 (33%) 14 (38%) 

Lower extremity DVT Study 9 (50%) 13 (35%) 

Documenting CCUS competency (n= 39 for PD survey; n= 111 for Fellow survey) 

Use of an electronic portfolio 
of clips/images 

7 (18%)   7 (6%) 

Required number of exams 
prior to fellowship completion 

11 (28%) 8 (7%) 

Values shown as number of and percentage of fellowship programs and fellows                                                                                                                                                                                  
*Faculty numbers too low to report (given scarcity of programs assessing their faculty) 
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Program Director and Fellow Surveys: Perceived Fellow 

Competence  

Table 4 details the percentage of fellows at a given 

fellowship program who attain competency to 

independently perform basic CCUS examinations by the 

end of fellowship training, as well as percentage of 

teaching pulmonary and/or critical care faculty at a given 

institution currently competent to perform these same 

CCUS exams.  

The percentage of PDs that believed the vast majority 

(76-100%) of their fellows attain competence varied by 

the specific CCUS examination type—very high 

perceived percentage of competence for vascular access 

and drainage catheter placement (97% of PDs for both), 

moderately perceived percentage of competence for 

lung/pleural US (71%), and lesser perceived percentage 

of competence for goal-directed echocardiography 

(47%), lower extremity DVT study (37%), and abdominal/

kidney US (26%). Fellows’ perceptions generally agreed 

with PD competency perceptions for vascular access and 

drainage catheter placement, with fellows agreeing or 

strongly agreeing in their competence (99% and 98% 

respectively for these two procedural exams), as well as 

for lung/pleural exam (86% agreement with competence) 

and lesser perceived competence in DVT studies (50%) 

and abdominal/kidney US (44%). However, fellows 

perceived their competence higher for goal-directed echo 

(77% agree or strongly agree with competence) 

compared with PD perceptions. Breaking down fellow 

perceived competency by year of training, all years 

reported high perceived competency in US-guided 

vascular access (97%, 100%, 100% for 1st, 2nd, and 3rd 

year fellows respectively) and US-guided drainage 

catheter placement (95%, 100%, 100% respectively). A 

stepwise pattern of increasing perceived competency 

was seen for goal-directed Echo (66%, 79%, 90% 

respectively) and lung/pleural US (68%, 91%, 

100%). However, rates of competence by year remained 

relatively flat/plateaued regardless of year of training for 

abdominal US (42%, 47%, 43% respectively) and DVT 

study (42%, 56%, 53% respectively).  

Discussion 

CCUS is a complex skill that combines cognitive 

knowledge along with psychomotor image acquisition 

skills and affective attitudes, and has become essential in 

daily practice for intensivists at the bedside [5]. As such, 

in the era of competency-based medical education, it is 

important for medical educators to assess successful 

learning of this complex skill by their trainees, the ability 

to transfer this skill into the workplace environment, and 

be entrusted for independent practice [13,14]. 

Assessment provides transparency and a shared mental 

model for both teachers and learners of expectations for 

skills and abilities, allows for tailored learning plans 

dependent on skill progression, and drives learning 

through formative feedback [15]. Unfortunately, the field 

of assessment in CCUS is in its relative infancy of 

development, with several deficiencies in standardized 

guidelines for longitudinal competency assessment [16]. 

A recent systematic review found little high-quality 

evidence on longitudinal CCUS competence in the 

literature, with only 8 studies rated as “good” or 

“excellent” in methodologic quality and over 34 studies 

rated as “average” or “poor” among the 42 included 

studies, highlighting the need for increased and improved 

quality of research regarding CCUS competency [17]. 

Prior surveys of PCCM faculty and trainees have 

demonstrated heterogeneous institutional practices and 

methodologies to assess competency [18-20]. Our study 

highlights important details of these methodologies and 

some general trends among U.S. fellowship programs 

including university-based, university-affiliated, and 

community-based hospital programs. We found general 

agreement between program directors and fellows 

regarding perceived high competency to perform CCUS 

for procedural guidance and lung/pleural ultrasound and 

perceived lower competency to perform CCUS for DVT 

studies and abdominal ultrasound. We saw a stepwise, 

incremental increase in perceived competency based on 

year of fellowship for goal-directed echo and lung/pleural 

ultrasound, high competency in procedural US 

throughout the years, and sustained low competence in 

DVT studies and abdominal ultrasound, suggesting 

learning curves and need for more programmatic focuses 

on DVT studies and abdominal ultrasound throughout all 

years of training.  

Interestingly, these levels of perceived competence were 

mirrored by fellow-reported experience with the different 

CCUS examinations, as most fellows reported greater 

experience with US-guided placement of vascular access 

devices or drainage catheters (e.g. thoracentesis, tube 

thoracostomy, paracentesis), goal-directed 

echocardiography and lung/pleura assessment but less 

abdominal and DVT ultrasound experience. About half of 

fellows reported performing fewer than 10 abdominal or 

DVT ultrasounds. ACCP/SRLF expert consensus 

guidelines do not specify the number of each US 

examination type recommended for CCUS competence 

[4]. However, Canadian CCUS guidelines recommend at 

least 20 lung/pleural, 25 abdominal, and 25 vascular 

diagnostic ultrasound exams, and Canadian guidelines 

along with the European Society of Intensive Care 

Medicine (ESICM) guidelines recommend at least 30 

TTEs for competence [25,6]. Thus, while the number of 

CCUS studies needed for competence is uncertain, it is 
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clear from Figure 1 that a large number of fellows in the 

survey were performing fewer abdominal and DVT 

studies than recommended for competence.  

A survey of 67 surgical critical care fellowship program 

directors reported the following exams as “very 

important”—FAST exam (75%), central venous access 

(80%), transthoracic echo (47%), DVT study (3%), and 

abdominal US for biliary pathology (1.5%) [21]. These 

findings further highlight the lack of valuation of DVT 

studies and non-procedural abdominal US examinations 

in critical care training programs. 

Regarding CCUS competency assessment, we found in 

this study 54% of PDs and 67% of fellows reported that 

their programs never conduct formal competency 

assessments for CCUS. Among the programs that 

reported conducting formal assessments, a global 

assessment by expert faculty was the most common 

method cited by both PDs and fellows. Among those 

programs that do formally assess their fellows, the 

majority do not test specifically for competency in DVT 

studies or abdominal ultrasound. Additionally, there is a 

lack of use of archival review with feedback as well as 

development of ultrasound portfolios. Prior studies have 

documented the issue of poor faculty competence in 

CCUS as a barrier to training [7-9], and our study adds to 

our understanding the additional problem of paucity of 

faculty assessment in CCUS, as the vast majority (90%) 

of PDs reported never assessing their teaching faculty for 

CCUS competency.  

Given the lack of formal assessment of CCUS 

competency of faculty, it is uncertain what information or 

data PDs used to answer our survey questions on faculty 

competence– institutional delineation of privileges, direct 

observation, gestalt, or other. Of note, we saw a 

correlation with PD perception of faculty CCUS 

competency with their perception of fellow CCUS 

competency for goal-directed echo (moderate 

correlation) and DVT studies (strong correlation). This is 

of uncertain significance, as it could reflect causality 

(competence of one group leading to competence of the 

other group through improved educational environment 

and community of practice), or could represent PD’s 

inability to differentiate fellow from faculty competence 

due to lack of tangible metrics for the latter.  Future 

studies to better understand the relationship between 

fellow and teaching faculty CCUS competency are 

warranted.      

PDs and fellows agreed on preferred methodologies for 

learning CCUS. Both groups reported that regional/

national ultrasound courses, hands-on institutional 

workshops and directly supervised bedside CCUS exams 

were their most preferred approaches to learning CCUS, 

reinforcing concepts of learning through active 

processes. Regional CCUS courses including hands-on 

workshops with expert faculty have been found to be 

feasible and efficient in providing much needed hands-on 

training in CCUS [22]. Although introductory CCUS 

courses have become ubiquitous and are attractive for 

time-constrained faculty development, it must be 

cautioned that the vast majority (93% in one study) of 

physicians engaging in such primer courses do not 

achieve sustained competence [23], and thus the focus 

should be on longitudinal programs for sustained 

competence.  

Unsupervised CCUS exams, self-directed learning and 

lecture-based teaching were the least favored 

approaches to CCUS education. Brady et al. had 

determined through their 20-item survey of PCCM 

program directors that the most common method of 

learning CCUS was in fact unsupervised, independent 

bedside learning [9]. Rajamani et al., in their multi-center, 

global study of 99 ICUs found that only 5.1% of centers 

provided a structured CCUS competence program for 

their trainees, and nearly 20.2% allowed trainees to 

perform unsupervised scans for clinical management 

without assessment of any competency. They also 

reported that nineteen intensivists perceived diagnostic 

or management errors due to misinterpretation of 

echocardiographic findings [24], thus cautioning against 

the notion that utilizing CCUS without documented 

competency is without potential for harm. 

Strengths and Limitations 

Our survey has several strengths and limitations. Unlike 

previous studies, our survey included perceptions of both 

program directors and fellows and found a general 

agreement on most topics. Our findings on the 

perceptions of program directors with respect to the 

competency of clinical teaching faculty to perform CCUS 

have not been described previously. The major limitation 

of our study was the small sample size compared to all 

PCCM training programs which could introduce selection 

bias and limit the overall generalizability to all current 

practices. However, the consistent data from both fellows 

and faculty does help with overall validity of the themes 

that emerged from the results, and the heterogeneous 

distribution of academic and affiliated hospitals improves 

the generalizability of the findings. However, given the 

small sample size of this study, we would caution that the 

results should be viewed as intriguing but ultimately 

hypothesis-generating and in need of future targeted 

studies to expand upon this work. Also, as this is a cross-

sectional survey, there could be recall biases from the 

PD or fellow respondents. As stated above, it is uncertain 

what information PDs used particularly for faculty 
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competence given the overall lack of faculty assessment. 

We also relied on PDs to forward a survey link to their 

fellows, introducing another element of potential sampling 

bias to fellow responses as there was a potential 

gatekeeper deciding to forward or not the survey to their 

fellows. Thus the assumption we made is that the 

responding PDs and fellows likely represent the same 

training programs, and thus the aggregate data is 

representative of the same training programs. This 

assumption is bolstered by the Demographic information 

detailed in Table 1 which shows very similar PD and 

Fellow survey demographics (for program type, setting, 

and size of fellowship). However, as the data collected 

were anonymous, we expect the fellows to have been 

truthful and accurate in their responses. Lastly, given the 

anonymous nature of the data collection, we were able 

only to carry out analyses in aggregate, but unable to 

carry out detailed analyses of associations between PD 

and fellow responses from the same program. 

Future Directions 

Our survey lays a foundation for future directions in the 

applicability and training of CCUS in clinical practice. Our 

exploratory analysis suggests that program director and 

fellow perspectives on CCUS competency overlap 

substantially; future surveys of PDs only might therefore 

be sufficient. It is also currently unknown how the COVID-

19 pandemic may have impacted CCUS training despite 

high utilization of CCUS in intensive care units. This may 

help further improve our teaching practices and develop 

methodologies using advanced tools such as portable 

ultrasounds with remote access capabilities in the setting 

of contact precautions, virtual training and feedback 

sessions. It is currently unknown if CCUS training 

methodologies differ between CCM only programs vs 

PCCM programs and country-wide, survey-based studies 

are needed to include more CCM only programs. 

Conclusions 

Our study highlights substantial heterogeneity in the 

CCUS teaching and competency assessment methods 

among ACGME-accredited PCCM programs in the United 

States. We found the perceptions of PDs and fellows were 

in general agreement with high levels of perceived 

competency to perform CCUS-guided procedures and 

lung/pleura assessment but deficiencies in the competent 

performance and interpretation of abdominal and lower 

extremity diagnostic venous ultrasonography. We also 

found that the majority and vast majority of programs do 

not assess their fellows and teaching faculty respectively 

for competence in CCUS, highlighting a major area of 

programmatic and curricular need. Our survey also 

demonstrates that active learning through regional and 

local hands-on workshops and directly supervised bedside 

CCUS exams were perceived as extremely useful, 

whereas, unsupervised CCUS exam, self-directed learning 

and lecture-based learning were perceived as less useful 

by both PDs and fellows. These findings suggest that 

further studies and guidelines are needed to formulate 

standardized competency assessment tools across all 

PCCM/CCM fellowship programs.  
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Background 

The use of intravenous fluids to improve cardiac output 

and restore euvolemia is one of the cornerstones of 

resuscitation. However, the responsiveness to a fluid 

challenge is determined by where the patient lies on the 

Frank-Starling curve. Determining fluid responsiveness 

can be very challenging when relying on clinical 

examination or non-invasive measurement [1].  Under-

resuscitating critically ill patients may cause worsened 

tissue hypoperfusion and cellular death. On the other 

hand, the over-resuscitation of these patients can lead to 

prolonged intensive care stays, ventilator dependence 

and potentially increased mortality [2,3]. 

Carotid flow time (CFT) has been described as a 

potentially accurate non-invasive method of determining a 

patient’s fluid responsiveness [4]. CFT is a measurement 

of the duration of time spent in systole and acts as a 

surrogate for cardiac output. In fluid responsive patients, 

a fluid challenge will increase the amount of time the 

heart spends in systole, therefore increasing the CFT. 

Carotid flow time can be easily assessed using relatively 

simple measurements at the bedside using portable 

ultrasound machines. A study by Blehar et al 

demonstrated that carotid flow time (CFT) changes 

significantly with the administration of fluids to patients 

deemed volume deplete [5], further raising the prospect 

that carotid flow time may indeed be a useful and reliable 

measurement of volume responsiveness.  

This proof-of-concept study aims to compare the 

accuracy of CFT for predicting volume responsiveness for 

patients in the intensive care unit (ICU) when compared 

with invasive monitoring.  

Methods 

This was a prospective study of patients admitted to an 

intensive care unit at a large Academic Health Sciences 

Centre in Toronto, Canada. The institutional review board 

approved the study.  

A convenience sample of patients were recruited to 

participate according to investigator availability. Inclusion 

criteria were ICU patients admitted within the past 24 

hours with a pulmonary artery catheter (PAC) inserted for 

monitoring. This time frame was selected to attempt to 

capture patients in the most acute phase of their illness. 

Research 

Abstract 

Objectives: Identifying patients who will have an increase in their cardiac output from volume administration is difficult 

to identify. We propose the use of carotid flow time, which is a non-invasive means to determine if a patient is volume 

responsive. Methods: Patients admitted to a critical care unit with a pulmonary artery catheter in place were enrolled. 

We perform a carotid flow time and pulmonary artery catheter measurement of cardiac output pre and post-passive leg 

raise and comparing the two. An increase of 10% change in the pre- vs. post-passive leg raise measurement would be 

indicative of a patient who is volume responsive. Results: We identified 8 patients who were volume responsive as 

determined by the gold standard pulmonary artery catheter. The sensitivity 87.5% and specificity 90.9%. Pearson 

correlation coefficient between PA-CO measurements and CFT was r=0.8316, indicative of strong correlation between 

the two measurements. Conclusion: In our patient sample of critically ill patients with pulmonary artery catheters, we 

found a strong correlation between corrected carotid flow times and cardiac output measurements from pulmonary 

artery catheters.  
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Patients were excluded if they had any cardiac 

dysrhythmia, known severe valvular lesions and if they 

were deemed too hemodynamically unstable to 

participate by intensive care staff.   

Two emergency physicians with significant point of care 

ultrasound (POCUS) experience enrolled patients in the 

study. A 10-5 high frequency linear probe (Mindray 

Medical Ltd, Shenzen, China) was placed over the 

carotid artery and the carotid bulb was identified. Pulsed 

wave doppler tracings were obtained with the patient at 

30 degrees of head elevation. As previously described, 

the CFT was measured from the beginning of systole to 

the dicrotic notch [6].  As the CFT measurement was 

being obtained, a PAC measurement of cardiac output 

was performed. The ultrasonographer was blinded to the 

PAC cardiac output measurements. All images were 

saved for subsequent review. PAC measurements were 

performed using the thermodilution method.  

After initial measurements were obtained, a passive leg 

raise was performed as per a standardized protocol [7]. A 

repeat carotid flow time and PAC cardiac output 

measurement was taken. A total of three CFT and PAC 

cardiac output measurements were taken during the pre 

and post-leg raise and were averaged. If there was 

significant variability (>10%) between the readings of the 

PAC, five measurements were taken, with the two 

outlying measurements removed and the three remaining 

measurements were averaged. The patient’s 

hemodynamic parameters were also monitored pre and 

post-passive leg raise. A difference of 10% between the 

PAC cardiac output readings was considered positive for 

volume responsiveness as defined in previous literature

[8]. 

A corrected CFT was calculated as systole time/√ cycle 

time to correct for changes in heart rate. Changes in PAC 

and CFT cardiac output measurements after the passive 

leg raise were compared using a two-sided t-test. The 

changes in CFT were assessed using ROC analysis. 

Cohen’s kappa coefficient was calculated to assess the 

agreement between PAC and CFT. Statistical 

significance was set at p<0.05. 

Results 

28 patients were approached for enrollment. Six patients 

were not enrolled due to consent not being provided by 

next of kin. One patient was not enrolled as the treating 

physician felt they were too unstable to participate. A 

total of 21 patients were subsequently enrolled in the 

study. Of the 21 patients enrolled, 2 patients were 

excluded due to a malfunctioning pulmonary artery 

catheter. Baseline demographics and patient information 

can be found in Table 1.  

 

The pre and post-leg raise hemodynamic measurements 

are described in Table 2. Overall, 8/19 (38%) patients 

exhibited a 10% increase in cardiac output as determined 

by PAC and were therefore considered volume 

responsive.   

Table 3 highlights changes in hemodynamics in those 

who were deemed volume responsive. It is noted that 

while a change in cardiac output was demonstrated with 

the CFT and PAC, the patients heart rate and blood 

pressure did not change significantly, highlighting that an 

improvement in blood pressure for example, does not 

necessarily reflect the cardiac output status of the 

patient.   

The receiver operating curve for carotid flow time 

measurements had an area under the curve (AUC) of 

0.9. The odds ratio is 1.6098, p-value 0.043 (95% CI) 

(Sensitivity 87.5%, specificity 90.9%, PPV 0.875, NPV 

Table 1. Patient demographics and baseline data. 

Baseline Patient         

Demographics 
Value (%) 

Gender Male 12 (63.2) 

  Female 7 (36.8) 

BMI 25.47+/- 1.735 

Neck Circumfrence Mean 46.6cm +/-6.78cm 

Reason for PA Catheter * 
Shock of unclear etiology 2 

(10.5) 

  Post CABG 12 (63.2) 

  
Post Valvular replacement 4 

(21.1) 

Number of Patients on 

Ventilator Support 
17 (89.5) 

Number of Patients on 

Vasoactive Agents 
10 (52.6) 

Vasoactive Agents Used 
Norepinephrine 3 (14) *two 

patients receiving both norepineph-

rine and milrinone 

  

Milrinone 3 (14) 

*two patients receiving both norepi-

nephrine and milrinone 

  Nitroglycerin 6 (29) 

Number of Patients Who 

Were Volume Responders 

per Gold Standard 

8 (42.1) 
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0.909). The ideal change in CFT to predict volume 

responsiveness was 9.1% change in CFT pre and post 

passive leg raise. Pearson correlation coefficient 

between PA-CO measurements and CFT was r=0.8316, 

indicative of strong correlation between the two 

measurements. Carotid flow measurements were 

feasible for all patients, regardless of BMI and neck 

circumference.   

Discussion 

In this study, CFT was highly accurate at predicting fluid 

responsiveness among critically ill patients when 

compared with invasive measurement techniques. Using 

a change of 9.1%, CFT had a 87.5% sensitivity and 

90.9% specificity for predicting fluid responsiveness. 

Other clinical parameters such as change in heart rate 

and mean arterial pressure did not change significantly 

with a fluid challenge. Given its non-invasive nature and 

easy repeatability, CFT measurements show promise to 

help guide the clinician on fluid management strategies 

for critically ill patients.  

The ability of the physician to accurately predict the 

volume needs of patient remains a difficult clinical skill. 

With the advent of invasive monitoring, more accurate 

methods of determining volume status have become 

available.  Over the years however, several of these tools 

have fallen out of favor, particularly the use of central 

venous pressure (CVP) and the Swan-Ganz pulmonary 

artery catheter. Recently, POCUS has been evaluated as 

a non-invasive means of determining fluid 

responsiveness. The inferior vena cava (IVC) and its 

respirophasic variability in the spontaneously breathing 

patient has shown some promise [9], however there are 

uncertainties about its utility [10,11] and ability to 

accurately predict volume responsiveness. Other 

methods such as measurements of cardiac output using 

transthoracic echocardiography can be technically 

challenging due to the difficulty in obtaining adequate 

views in critically ill patients [12]. 

The rationale for evaluating changes in the CFT is based 

on common physiologic principles. The CFT measures 

the time spent in ventricular systole and corrected for 

Table 2. Difference Between Pre- and Post- Passive Leg Raise Measurements for Mean Arterial Blood Pressure, 
Pulse and Corrected Carotid Flow Times for all patients. 

Measurement Pre-Leg Raise Post-Leg Raise p-Value 

Mean Arterial Blood Pressure 84.10 mmHg +/- 20.62 81.95 +/-4.66 0.65 

Pulse 87.6 bpm +/- 15.3 87.1 bpm +/- 7.32 0.89 

Mean Corrected Carotid Flow Time 303.65ms +/- 32.85 321.85ms +/- 23.56 0.0728 

Cardiac Output 4.467 +/- 0.59 5.649 +/- 0.83 0.0678 

Table 3. Mean difference between pre- and post- passive leg raise measurements for mean arterial blood pressure, 
pulse and correct carotid flow times in volume responders. 

  Fluid-responsive (n=8) Not fluid-responsive (n=11) 

Measurement Pre-leg raise Post-leg raise Pre-leg raise Post-leg raise 

MAP, mmHg (SD) 88.75 (+/-32.06) 82.14 (+/-9.91) 80.45 (+/-8.76) 80.36 (+/-8.96) 

Heart rate (SD) 83.75 (+/-13.50) 84.25 (+/-11.02) 89.64 (+/-17.36) 88.27 (+/-18.63) 

CFT, ms (SD) 288.85 (+/-42.30) 340.86 (+/-75.86) 310.17 (+/-23.94) 309.57 (+/-29.24) 

Change in CFT, ms (SD) 52.01ms (+/-39.96) 14.23ms (+/-10.50) 

CO, L/min (SD) 5.46 (+/-0.93) 6.23 (+/-1.57) 4.52 (+/-1.01) 4.46 (+/-1.07) 

Change in CO, % (SD) 0.21 L/min (+/-0.15) 0.87 L/min (+/-0.73) 
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changes in heart rate. If a patient is fluid responsive, then 

their time spent in ventricular systole should increase 

when faced with a fluid challenge due to increased 

ventricular filling. This indicates that increased cardiac 

filling during ventricular diastole results in an increased 

stroke volume. The time spent is systole is easily 

measured on a carotid artery pulse waveform from the 

beginning of the carotid upstroke to the dicrotic notch on 

the doppler waveform. See Figure 1 for an example of 

CFT measurement in a volume non-responder and 

Figure 2 for a volume responder. In the volume 

responder example, the image on the left is pre-passive 

leg raise with CFT calculated at 244.05ms. The image on 

the right is post-passive leg raise with CFT calculated at 

314.00ms. This increase of greater than 10% indicated a 

volume responsive patient that was corroborated by our 

gold standard. 

Recently, the CFT has been evaluated for its potential 

use in determining fluid responsiveness. In a study by 

Mackenzie et al in 2015 demonstrated that in blood 

donors, a demonstrated change in corrected carotid flow 

time after blood loss with a passive leg raise maneuver 

[6]. A study by Ma et al published in 2017 compared 

various carotid blood flow measurements to invasive 

pulmonary artery catheter measurements in non-critically 

ill patients. Their study found that an average of three 

waveforms measuring the corrected flow time had a high 

degree of correlation with cardiac output measurements 

[13]. In 2018, a study by Barjaktarevic et al in a critical 

care patient population demonstrated that CFT could 

demonstrate fluid responsiveness compared to a non-

invasive gold standard. The study also found that a 7ms 

change in CFT had a high positive predictive value for 

identifying patients who will be fluid responder. 

Barjaktarevic also demonstrated that mechanical 

ventilation, respiratory rate and variable positive end 

expiratory pressure had no impact on the performance of 

CFT [14]. 

Figure 2. Corrected carotid flow time measurement in volume responder . 

Figure 1. Corrected carotid flow time measurement in a volume non-responder. 
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Our study has unique aspects compared to other 

previously published papers on carotid flow time. First, 

this study uses a critically ill patient population of which 

17/19 were mechanically ventilated and 10/19 on 

vasoactive agents. Secondly, this study used a invasive 

means to assess cardiac output with a pulmonary artery 

catheter. Other published studies used non-invasive 

means to assess cardiac output [14], which has been 

shown to be a potentially non-reliable method to assess 

changes in cardiac output [15]. 

Limitations 

This study has several important limitations. The sample 

size was small, which limits the generalizability of our 

findings. Larger studies should be performed to confirm 

these findings. Due to investigator availability, a 

convenience sample was included. However, all eligible 

patients were approached for enrollment when the 

investigators were available. Study participants were 

primarily composed of recent post-operative cardiac 

surgery patients. These patients may have had unique 

causes of shock that may not generalize to a broader 

patient population. We did not measure inter-rater 

reliability of the CFT measurements. The time taken to 

complete the scans was not recorded, however it was 

noted that the measurements could all be completed in 

less than 10 minutes. 

Conclusion 

The corrected carotid flow time has a high accuracy for 

predicting volume responsiveness in ICU patients when 

compared with invasive measurements. An increase in 

CFT of 9.1% was predictive of a significant increase in 

cardiac output. Future studies with larger and more 

heterogenous patient populations should be performed to 

validate these findings.  
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Background 

Performing point of care ultrasound (POCUS) 

examinations without saving images is both understudied 

and problematic for emergency departments. Although 

there is no consensus on the terminology for this practice, 

it is commonly referred to as phantom scanning [1-4]. 

Phantom scanning can result in substandard patient care, 

billing deficiencies, quality assurance and improvement 

(QA/QI) concerns, and can lead to medicolegal issues. 

Guidelines from the Centers for Medicare and Medicaid, 

the American Institute of Ultrasound in Medicine, as well 

as the American College of Emergency Physicians 

recommend that all POCUS examinations should include 

a representative image saved with clinically relevant 

anatomy and pathology [5,6]. Of note, the American 

College of Surgeons, which accredits trauma centers, 

does not have a defined guideline for the performance 

and saving of Focused Assessment with Sonography for 

Trauma (FAST) examinations [7]. 

POCUS plays an important role in cardiac arrest and 

trauma resuscitations [8,9]. While it is important to 

consistently save POCUS images, this may not occur for 

a few reasons. Emergency physicians have time-

sensitive responsibilities to care for critically ill patients 

during resuscitations, which may shift their priorities away 

from saving images [10-12]. Critically ill patients are often 

not registered in the electronic medical record (EMR) 

prior to POCUS examination, which may discourage 

providers from saving images. The culture of an 

institution may be more focused on performing POCUS 

and less focused on the saving of POCUS images. 

Physicians may not realize the benefit of saving images 

or may think that if no images are saved, then further 

documentation is not needed. 

There is a lack of research on the underlying causes of 

phantom scanning in the emergency department (ED), 

even though it is commonly acknowledged in POCUS 

studies [3,13,14]. Previous studies have shown that 

improving POCUS workflow or offering physician 

incentives have led to increased compliance with POCUS 

documentation, but none have looked at their effect on 
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phantom scanning [2,15-17]. Our aims were to determine 

the prevalence of phantom scanning among cardiac 

arrests and trauma resuscitations and compare these 

two groups. We focused on cardiac arrests and trauma 

resuscitations because comprehensive documentation of 

events is recorded in real time by a dedicated ED nurse 

in both settings, and the need for rapid and timely 

POCUS performance makes these resuscitations 

susceptible to phantom scanning. Our a priori hypothesis 

was that the phantom scanning prevalence would be 

higher among cardiac arrest than trauma resuscitations 

because the FAST examination is an adjunct to the 

trauma primary survey, whereas POCUS during cardiac 

arrest is not as broadly or formally recommended [18,19].  

Methods 

Study Design 

This was a single center, retrospective cohort study 

between July 1, 2019, and July 1, 2021. Inclusion criteria 

were ED patients ≥18 years old who arrived as a trauma 

or cardiac arrest resuscitation. Patients were excluded if 

they did not have a POCUS documented by a nurse in 

the resuscitation run sheet, or if the timestamp of 

POCUS performance on the run sheet occurred after 

return of spontaneous circulation (ROSC) among cardiac 

arrest patients, as the time-sensitive nature of a cardiac 

arrest POCUS is no longer present. A trauma 

resuscitation was defined as a patient with a life-

threatening traumatic injury or meeting specific trauma 

criteria defined by the institution (Table 1), and a cardiac 

arrest resuscitation was defined as loss of pulses 

requiring initiation of Advanced Cardiac Life Support. In 

both cases, a critical care trained ED nurse was present 

and dedicated to documenting on an electronic run sheet 

in real time all patient interventions such as medications 

administered, procedures, and POCUS performance with 

timestamps. During documentation, our nurses are also 

trained to ask about POCUS findings if they are not 

explicitly mentioned by providers during the resuscitation. 

As each resuscitation always had one nurse assigned to 

documentation and because each resuscitation had an 

electronic run sheet recorded, this run sheet 

documentation was used as a surrogate for a POCUS 

examination occurring during the resuscitation.  

Table 1: Trauma Activation Criteria 

• Glasgow Coma Scale  12 

• Systolic Blood Pressure < 90 mmHg  

• Respiratory rate < 10 or > 29, intubated or with threatened airway 

• Any penetrating injury to the head, neck, torso, or extremities proximal to the elbows or knees 

• Motor Vehicle Collision with patient ejected from vehicle 

• Fall > 20 feet 

• Major deep burns (20% body surface area) 

• Chest wall instability 

• Two or more proximal long bone fractures 

• Suspected unstable pelvic fracture 

• Open or depressed skull fracture 

• Paralysis secondary to injury 

• Amputation proximal to wrist or ankle 

• Crushed, degloved, or mangled extremity at or proximal to elbows or knees 

• Pregnant patient 20 weeks or greater with vaginal bleeding, abdominal tenderness, and/or injury 

• Transfer patients receiving blood to maintain vital signs, positive Focused Assessment with Sonography for Trauma exami-
nation, or chest tube insertion 

• Emergency Department Physician’s discretion  
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Setting 

The study was performed at a Level 1 trauma center with 

over 110,000 annual patient visit, and an active ED 

POCUS program with approximately 4,500 POCUS 

examinations performed annually. The ED is staffed by 

48 emergency medicine attendings, 54 rotating 

emergency medicine residents, and five emergency 

medicine fellows (one ultrasound, two resuscitation, and 

two simulation fellows). Residents participate in 16 hours 

of ultrasound training during their residency orientation, 

spend four weeks on a dedicated POCUS rotation, and 

must perform a minimum of 500 POCUS examinations 

as a requirement for graduation. 

There is a six-bed critical care area where resuscitations 

take place, including trauma and cardiac arrest 

resuscitations, with a dedicated Sonosite X-porte 

(FUJIFILM Sonosite, Inc., Bothell, WA) ultrasound 

machine. This area also has a dedicated three-person 

nursing team as well as a care team consisting of an 

attending emergency medicine physician and frequently 

a resident, fellow, or both. POCUS examinations are 

primarily performed by an emergency medicine resident 

with supervision by an emergency medicine attending, 

unless there are no emergency medicine residents in the 

department, which occurs during weekly resident 

conference and occasional residency events. During 

these rare occasions, FAST examinations are performed 

by a member of the trauma team (an advanced practice 

provider, surgery resident, trauma fellow, or the attending 

trauma surgeon) with supervision by the emergency 

medicine attending. 

Our institution’s current POCUS workflow is order-based. 

First, an order needs to be placed by an emergency 

medicine provider in the EMR, then the patient 

information is queried on the ultrasound machine and the 

correct patient is selected. Images are acquired and 

saved by an operator, and when the examination is 

ended on the machine, they upload to the picture 

archival and communication system (PACS). Emergency 

physicians document their findings in the EMR, which is 

linked to the images stored in the PACS. If POCUS 

images are saved without patient information, the images 

are still uploaded to the PACS and available for viewing 

under an anonymous designation, and can later be 

merged with the patient’s chart in the EMR.  

Chart Review 

Patients with cardiac arrest were determined by ICD-10 

coding in the EMR. Trauma resuscitations were identified 

utilizing a pre-existing trauma registry in the EMR 

documenting all trauma team activations. Manual chart 

review and abstraction was completed by two 

investigators (ZB, CX) unblinded to the research 

question, and the principal investigator (TS) randomly 

selected 10% of cases to review for accuracy. Study 

investigators met prior to chart review to develop a 

systematic review process for both the chart and the 

ultrasound image review process. 

A phantom scan was defined as a POCUS scan that was 

performed on a patient, where no subsequent images 

were saved. Performance of a POCUS was defined as 

any POCUS notation that was documented on the 

resuscitation run sheet by a nurse. Images were 

considered saved if an examination was located on our 

PACS that could be corroborated with the patient. 

Specifically, for patients who had either a cardiac arrest 

or trauma resuscitation, the study investigators first 

determined whether there was a POCUS examination 

documented in the resuscitation run sheet. If 

documentation stated a POCUS was performed, the 

investigators then reviewed the PACS for POCUS 

images that corresponded with the patient according to 

timestamp, examination type, and POCUS findings. If 

there were no images that matched the run sheet 

documentation, the POCUS examination was 

categorized as a phantom scan. Investigators only 

evaluated the initial POCUS examination performed in a 

resuscitation; subsequent POCUS examinations were 

not evaluated.  

To ensure the resuscitation run sheet was accurate in 

documenting the performance of a POCUS examination, 

the investigators reviewed the PACS system for 10% of 

all resuscitations, both trauma and cardiac arrest, where 

there was no documented POCUS on the resuscitation 

run sheet for images in our PACS. This was done to 

ensure that our screening method of using the 

resuscitation sheet for a performed POCUS was 

accurate.  

Outcomes 

The primary outcome for the study was the prevalence of 

phantom scanning, which was calculated by dividing the 

number of patients with POCUS images linked to the 

patient encounter by the total number of patients with a 

POCUS examination documented in the resuscitation run 

sheet. The secondary outcome was the comparison of 

phantom scanning between cardiac arrest and trauma 

resuscitations. 

Data Analysis 

The prevalence of phantom scanning was calculated in 

Microsoft Excel (Redmond, WA). A two-tailed Mann-

Whitney U test using IBM SPSS version 27 (Armonk, NY) 

was performed to assess for a difference between 

phantom scanning in cardiac arrest and trauma 

resuscitations, with alpha <0.05 indicating significance.  



220 | POCUS J | NOV 2023 vol. 08  iss. 02 

Results 

We reviewed 1,862 patient resuscitations for this study: 

861 cardiac arrests and 1001 trauma resuscitations. A 

total of 1,130 patients were excluded due to a lack of 

POCUS documentation in the run sheet, and two patients 

were excluded for a POCUS performed after ROSC was 

obtained, leaving 730 patients (329 cardiac arrests and 

401 trauma resuscitations) for analysis (Figure 1). To test 

for accuracy of resuscitation run sheet documentation for 

POCUS performance, we looked at a randomized 10% 

selection of the previously excluded resuscitations due to 

a lack of POCUS documentation on the resuscitation run 

sheet. The PACS was reviewed for these patients and 

found POCUS was performed for 1/60 (1.7%) of traumas 

and 0/50 (0%) of cardiac arrest resuscitations.  

A total of 151 patients had identified POCUS images in 

the PACS. For cardiac arrests, POCUS images were 

identified in 29.5% of included cases (n=97) resulting in a 

70.5% phantom scanning rate among cases with POCUS 

documented as performed. In trauma resuscitations, 

POCUS images were identified in 13.5% of included 

cases (n=54), resulting in an 86.5% phantom scanning 

rate among cases with POCUS documented as 

performed. The prevalence of phantom scanning was 

significantly higher in trauma resuscitations compared to 

cardiac arrest resuscitations (p<0.001). 

Discussion 

To our knowledge, this is the first study to quantify the 

rate of phantom POCUS scanning, however, this study 

took place at a single institution, which limits its 

generalizability. While phantom scanning is a known 

problem in the POCUS field, the extent to which it occurs 

has not been well studied. Our results support that 

phantom scanning during resuscitations is common at 

our institution, which raises several concerns for our 

institution and other EDs with similar POCUS workflows. 

First, despite being able to readily utilize POCUS at the 

bedside, decreased adherence to emergency medicine 

societal guidelines for image retention and 

documentation could negatively impact patient care [3,6]. 

Second, phantom scanning exposes physicians to QA/QI 

concerns, as providers are unable to obtain feedback on 

their acquisition and interpretation of POCUS images, 

and thus are unable to improve. Third, phantom scanning 

presents several medicolegal issues [3]. This issue is 

apparent when considering that POCUS, especially in 

the setting of critically ill patients, provides vital 

information for clinical decision-making when other tests 

or evaluations are not yet available or are nondiagnostic 

[20]. When major decisions to transport a patient to the 

OR, cease resuscitation, or perform procedures such as 

a thoracotomy or pericardiocentesis are based on 

POCUS, it is paramount that evidence of the legitimacy 

Figure 1. Flowchart describing 

inclusion and exclusion criteria. 
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of those decisions are readily available for future case 

review. Without images available for review, medical 

decisions may appear unwarranted. Finally, phantom 

scanning eliminates the potential to bill for the POCUS 

examination [5]. As POCUS use increases in the ED, the 

number of consulting and admitting providers who review 

images obtained by emergency physicians to direct 

patient care will continue to increase [21]. As more robust 

POCUS programs expand from academic emergency 

medicine into the community setting, limiting the amount 

of phantom scanning will ensure continued growth of 

POCUS within the specialty of emergency medicine [22].  

When comparing the rate of phantom scanning in trauma 

resuscitations to cardiac arrest, our initial hypothesis that 

there would be a lower phantom scanning rate for the 

FAST examination was incorrect. This finding caused us 

to give further thought as to why the FAST examination 

phantom scanning rate was significantly higher than in 

cardiac arrest resuscitations. While the trauma team at 

our institution only occasionally performs the FAST 

examination, their involvement poses several issues 

pertaining to POCUS phantom scanning rate. The 

trauma team receives no formal education on the ED 

POCUS workflow and the need to save images. 

Additionally, the trauma providers use a different set of 

ultrasound machines when not in the ED and so may be 

unfamiliar with the ED ultrasound machines and the 

process of saving images on them. Finally, members of 

the trauma team are unable to access the POCUS 

ordering system as the system is only available for ED 

providers, and the lack of an order may deter the 

provider performing the FAST from saving images. The 

FAST examination may take longer to acquire as there 

are four standard views instead of a minimum two views 

(oftentimes one view) for cardiac arrest POCUS, there is 

no dedicated pause in care for the FAST examination as 

there is in cardiac arrest pulse checks, and the FAST 

examination may be interrupted to take the patient for a 

computed tomography examination or to the operating 

room. The differences between how POCUS is 

performed during a cardiac arrest and trauma 

resuscitation could have caused the difference in 

phantom scanning rate, but does not change the overall 

high phantom scanning rate at our institution for these 

resuscitations.  

We propose the following interventions to decrease 

phantom scanning rates at institutions with similar 

processes. First, formal education to avoid phantom 

scanning presented to both emergency medicine 

physicians and consultants who perform POCUS 

examinations in the ED. While emergency physicians are 

aware of the POCUS workflow, educating consultants 

may help reduce the rate of phantom scanning by 

providing insight into the POCUS workflow and 

increasing familiarity with the ED POCUS machines, 

which is recommended in the American College of 

Emergency Physicians ultrasound guidelines [6]. 

Second, scheduled reminders to physicians about saving 

images should be made at regular intervals. Finally, 

simple interventions such as labeling the ultrasound 

machine in the resuscitation area reminding physicians to 

order and save POCUS images, or saving unordered 

examinations under a common name such as “Code” or 

“Trauma” to assist with image review and QA/QI. These 

interventions, and their effect on the prevalence of 

phantom scanning, offer an opportunity for further 

research to help minimize phantom scanning and to 

optimize patient care.  

Limitations 

The major limitation of this study was that it only looks at 

a single POCUS workflow at a single institution, making it 

difficult to generalize our conclusions to other 

departments. Other institutions workflow may differ in 

how orders are placed, the type of workflow, or who 

performs the FAST examination. We hope, however, this 

study provides a replicable methodology that encourages 

other institutions to review their own POCUS workflows, 

assess their own rates of phantom scanning, and—most 

importantly—encourage their physicians to save their 

obtained POCUS images. An additional limitation was its 

retrospective nature, which meant we were unable to 

definitively establish any causal relationships as to why 

there was such a high prevalence of phantom scanning 

at our institution. We also had to use resuscitation run 

sheet documentation as a surrogate for POCUS 

performance rather than direct visualization or 

acknowledgment of POCUS performance. It is possible 

there were other cardiac arrest or trauma resuscitations 

where POCUS was utilized but was not documented in 

the run sheet, but our review of 10% of randomly 

selected resuscitations where POCUS was not 

documented in the run sheet found less than one percent 

(1/110) discrepancy, suggesting our surrogate marker for 

POCUS performance was accurate. Additionally, there 

could have been POCUS images saved under a different 

patient name if the previous POCUS examination was 

not ended, or the images could have been saved but 

failed to upload to the PACS, but we attempted to 

mitigate this by searching by time performed in the 

PACS, allowing investigators to review all POCUS 

examinations conducted at approximately the time as the 

resuscitation.  

Conclusion 

At our institution, we found a 70.5% phantom scanning 

prevalence during cardiac arrest resuscitations, and an 

86.5% phantom scanning prevalence for trauma 
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resuscitations. Trauma resuscitations had a significantly 

higher phantom scanning prevalence and lower number 

of formal POCUS orders when compared to cardiac 

arrest resuscitations.  
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Introduction 

Developing an Understanding of Volume Status 

Despite significant improvements in perioperative safety, 

surgery continues to carry significant risks of major 

morbidity and mortality. Moreover, 30-day complication 

rates following major abdominal surgery range between 

5.8-43.5% [1]. 

Perioperative fluid administration can impact the rate of 

complications following surgery. Hypovolemia is common 

due to 8-hour fasts before surgery, intraoperative blood 

loss, and evaporative losses that occur during surgery [2]. 

However, excessive fluid administration can lead to 

hypervolemia, precipitating organ dysfunction, respiratory 

failure, and delayed wound healing [2,3]. Implementing 

enhanced recovery after surgery (ERAS) pathways has 

been associated with improved surgical outcomes and 

decreased length of stay [2]. Though these methods may 

improve care on the population level, it is unclear how 

often patients experience hypo- or hypervolemia following 

surgery.  

Current volume status assessments via physical exam, 

urine output, and vital signs are poor. Quantitative 

assessment is traditionally performed through invasive 

measurement via central venous or pulmonary artery 

catheters. Echocardiography can be used to estimate 

volume status, but the application of perioperative 

transesophageal echocardiography remains primarily 

Research 

Abstract 

Objectives: Perioperative fluid administration impacts the rate of complications following surgery. VExUS grading 

system is a standardized point of care ultrasound (POCUS)-based, comprehensive method to assess volume status. 

VExUS could serve as a tool to guide fluid management, if validated perioperatively. The primary aim was to assess 

the success rate of obtaining required windows for VExUS grading , as well as the feasibility within a perioperative 

setting among noncardiac surgery. Further, this study describes the incidence of perioperative venous congestion and 

associations with 30-day postoperative complications. Methods: This observational study was conducted in non-

critically ill adults undergoing noncardiac surgery. Patients were scanned preoperatively, in the post anesthesia care 

unit (PACU), and 24 hours postoperatively for venous congestion. Researchers retrospectively captured 30-day 

complications for multivariate analyses. Results: The cohort included 69 participants. Ninety-one percent of scans over 

all timepoints were successfully completed. Pre-operatively, 57 (83%) scans were Grade 0, and 11 (16%) were Grade 

1. Venous congestion was observed in 29 (44%) patients in the PACU (n=66). 22 (33%) patients were Grade 1, while 7 

(11%) were Grade 2. At 24 hours (n=63), 31 patients (49%) had venous congestion: 20 (32%) Grade 1 and 11 (17%) 

Grade 2. Of the pre-operative Grade 0, 28 (50%) had at least one postoperative scan with venous congestion. No 

patients were Grade 3 at any timepoint. The 30-day complication rate was 32% (n=22). Eleven (16%) patients 

developed acute kidney injury (AKI). There was no statistically significant association between VExUS grading and all-

cause complications or AKI. Conclusion: This study demonstrates that perioperative VExUS scoring is a feasible tool 

among a variety of noncardiac surgeries. We highlight that venous congestion is common and increases 

postoperatively within non-ICU populations. Larger studies are needed to assess the relationship between VExUS 

grading and postoperative complications. 
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limited to cardiac surgery. Furthermore, noninvasive 

ultrasound measurement of the inferior vena cava (IVC) 

collapsibility does not reliably capture hypervolemia. 

The emergence of POCUS techniques 

Point of care ultrasound (POCUS) is expanding due to 

the decreased cost of diagnostic ultrasound machines. In 

critical care, heart, lung, and venous protocols have been 

described to identify fluid imbalances [4,5]. POCUS has 

improved the fluid assessment and has even influenced 

decisions that significantly decreased volume status and 

ventilator dependence [6].  

The venous excess ultrasound (VExUS) grading protocol 

is a standardized POCUS-based method that 

incorporates measurements of the IVC along with 

Doppler scans of the portal, hepatic, and intrarenal veins. 

The IVC measurement and Doppler scans correlate to 

minimal, moderate, severe, or no venous congestion. 

High VExUS scores have been associated with acute 

kidney injury after cardiac surgeries [7]. Further, VExUS 

has been used in ICUs to guide clinical decision-making 

in patients experiencing clinical deterioration [8] and 

recently showed that patients who had a reduction in 

VExUS score did clinically better in terms of having more  

renal replacement therapy-free days in an ICU population 

[9]. However, VExUS grading has yet to be studied 

immediately around noncardiac surgery. VExUS 

ultrasound views might not be obtainable in the 

perioperative period following open and laparoscopic 

abdominal surgery because abdominal gas deteriorates 

ultrasound imaging. VExUS, if practical in the immediate 

postoperative period and validated in a clinical setting, 

could provide a noninvasive, individualized method to 

optimize fluid management in surgical patients. 

We hypothesized that after losing the tight control of fluid 

administration in the operating room, a percentage of patients 

would develop volume overload over time. This study’s main 

aim was to evaluate if VExUS windows are possible to obtain 

perioperatively following abdominal surgeries and 

subsequently assess both venous congestion and the 

incidence of volume overload. Secondarily, our study 

assessed the risk of surgical complications with the 

incidence of venous congestion by VExUS grade in the pre-

operative, immediate postoperative, and 24-hour 

postoperative time intervals.  

Methods 

We conducted a single center, prospective study 

enrolling non-critically ill adults 18 years and older 

undergoing gynecologic, thoracic, urologic, laparoscopic 

colorectal, or vascular surgery at the University of North 

Carolina Medical Center from June 1, 2022 to August 1, 

2022. We obtained institutional review board (IRB) 

approval in April 2022 and operated under institutional 

guidelines. A written informed consent and HIPAA 

Authorization form was completed for each enrolled 

patient. VExUS scans were performed using a Kosmos 

Ultraportable Torso-One device (Echonous Inc. Bothell 

WA) or a Fujifilm Sonosite LX device (Fujifilm Sonosite 

Inc. Bothell WA). Patients with pre-surgical AKI, delirium, 

portal thrombus, end-stage cirrhosis, as well as those 

undergoing cardiac surgery or open exploratory 

laparotomy abdominal surgery were excluded. 

Non-mechanically ventilated subjects received VExUS 

protocol-guided ultrasound scanning pre-operatively, 

postoperatively (0-6 hours after surgery, in PACU), and 

approximately 24 hours postoperatively (18-30 hours 

after surgery). An operator did a qualitative cardiac scan 

with a phased array probe on cardiac preset before each 

VExUS scan to assess for obvious right ventricle 

dysfunction or other major cardiac abnormalities. EKGs 

were not regularly completed with VExUS scans, since 

the study scanned amongst routine clinical care 

downtime. Scans were completed using the curvilinear 

probe or the abdominal preset depending on whether the 

Echonous portable probe or Sonosite was used, 

respectively. The operator first attempted to visualize IVC 

in the subxiphoid window but then would elect for 

midaxillary, if necessary. The IVC was viewed in long 

axis with special attention taken to observe widest 

perpendicular diameter. The hepatic, portal, and 

intrarenal veins were visualized in the midaxillary 

window. Focused effort was made to scan the main 

hepatic, main portal, and interlobar renal veins and not 

the possible other branches of each respective vessel. 

To obtain sufficient doppler signals, breath holding was 

conducted by the participant to stabilize the diaphragm 

and secure adequate windows. This brief breath holding 

was done at various points throughout the respiratory 

cycle depending on what would elicit the best anatomical 

views for using doppler. Scans were completed by 

medical students that have undergone thorough POCUS 

training through scholarly concentration and operated 

under the guidance of anesthesiologists. Before 

conducting the study, adequate institutional training, and 

experience on obtaining views and assessing sufficiency 

of doppler was performed. Although all members are 

thoroughly trained in ultrasound, no physicians hold 

unique certifications. VExUS grades were confirmed by 

two operators. Any discrepancy in scoring was decided 

by a third interpretation, the principal investigator. We 

collected patients’ ASA Physical classification scores [10] 

and 30-day complications were observed according to 

ACS NSQIP definitions [11] and measured using the 

ACS NSQIP risk calculator [12]. Postoperative 

complications were confirmed by electronic medical 

record chart review after at least 30 days from operative 

date. AKI was defined according to KDIGO as SCr 
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>0.3mg/dl from baseline within 48hr, greater than or 

equal to 1.5 times baseline SCr within 7 days, or urine 

output less than 0.5mL/kg/hr for greater than 6 hours 

[13]. Notably, the National Institutes of Health supported 

funding for this study with grant number T35-DK007386.  

Statistical Analysis 

Previous pilot data around gastric ultrasound scanning 

identified initial success rates up to 68% and that with 

training scanning could reach 95% success rate [14,15]. 

With this in mind, we defined feasibility as postoperative 

scanning success of 95% or better. VExUS grades were 

treated as ordinal variables in the R code, and the 

Kruskal-Wallis rank sum test was used to test the 

association. Scans that were not scorable were excluded 

from the analyses. A P-value of 0.05 was used to 

determine statistical significance. This manuscript 

adheres to the applicable CONSORT/STROBE 

guidelines. 

Ethics 

Ethical approval for this study (IRB number 22-0796) was 

provided by the Institutional Review Board Committee at 

the University of North Carolina, Chapel Hill, North 

Carolina, United States (Approved by Sherry Whittaker) 

on 20 May 2022. 

Results 

Demographics and Practicality 

Seventy-six patients were approached for this study, of 

which 69 consented and enrolled. The median age of the 

cohort was 62 (range 19, 88). Forty-one (59%) identified 

as female, and 46 (67%) identified as white. The cohort’s 

median BMI was 28 (range 16, 44). Additional 

demographic data are presented in Table 1. VExUS 

scanning was successfully completed across all three 

timepoints in 91% of patients. Over the three timepoints, 

only 12 scans could not be scored. In the immediate 

postoperative period, 66 (96%) scans were successfully 

graded, and only three scans could not be obtained: one 

due to intra-abdominal gas accumulation after a 

laparoscopic procedure and two due to patient refusal in 

the setting of poorly controlled pain. At the 24-hour 

timepoint, 63 (91%) were successfully graded and scans 

were not obtained on six patients. One due to intra-

abdominal gas and five due to early patient discharge. 

The two scans that were unable to be scored due to intra

-abdominal gas were both due to inability to measure the 

IVC. In scans where the IVC could be measured, we 

were able to complete all other views successfully. 

Excluding the early discharges, at 24-hour timepoint, 63 

(98%) of the 64 non-discharged patients were 

successfully scanned. The median calculated NSQIP risk 

score for any 30-day complication was 10.9%, along with 

a calculated risk for serious 30-day complications of 9.6%. 

Incidence of Volume Overload 

The incidence of congestion on individual scanning views 

is described in Supplemental Table 1-3. Of the 69 scans 

obtained pre-operatively, 13 (19%) had positive VExUS 

grades. Of these, 12 (92%) were identified as mild 

congestion (Grade 1) and one as moderate (Grade 2). Of 

the 66 available PACU scans, positive VExUS grades 

were observed in 29 (44%) patients. Twenty-two (33%) 

had mild congestion, while 7 (11%) had moderate 

congestion. Figure 1 highlights an example of mild 

venous congestion in the PACU. Of the 63 patients that 

received a 24-hour scan, nearly half (31 patients) had 

evidence of venous congestion based on VExUS score. 

Of these, 20 patients had mild congestion (Grade 1) and 

11 had moderate congestion (Grade 2). No patients were 

assessed to have VExUS Grade 3, indicating severe 

congestion. General VExUS grading increased over time, 

as shown in Figure 2. Of the 56 patients with Grade 0 

before surgery, 28 (50%) had at least one scan indicating 

venous congestion post-operatively. The incidence of 

Grade 2 congestion was highest at the 24-hour timepoint 

(n=11, 17%), and of those, 10 (91%) were due to severe 

pulsatile congestion observed in the portal vein. 

  Entire Cohort    (N = 69) 

Age 62 (48, 67) 

Female 41 (59%) 

Race 

Black  

White  

Other 

  

18 (26%) 

46 (67%) 

5 (7%) 

BMI 28 (24, 32) 

Length of Stay, days 2 (1, 4) 

Median Baseline Serum Creatinine, 
mg/dL 

0.89 

(0.7, 1.1) 

ASA 3 (3, 3) 

NSQIP risk, mean 10.9% 

NSQIP serious risk, mean 9.6% 

Any 30-day complication 22 (32%) 

*IQR within parentheses unless otherwise specified  

Table 1. Demographic and Clinical Characteristics in the 
Overall Study Cohort 
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Outcomes, Complications, and Statistical Analysis 

Of the 69 patients, 22 (32%) had at least one 30-day 

complication. Eleven (16%) individuals met the criteria for 

postoperative AKI, and 8 (72%) of the 11 were either 

partial or radical nephrectomies. Other complications 

included 5 (7%) readmissions, 4 (6%) surgical site 

infections, 3 (4%) return to OR, 3 (4%) post-op 

hemorrhages, 1 (1%) pulmonary embolism, and 2 (3%) 

episodes of cardiac arrest with one resulting in death 

(1%).  

VExUS grade at the scanning period was assessed for an 

association with postoperative 30-day complications as 

well as AKI, individually. However, no statistically 

significant association was observed between grading and 

complications or AKI (Table 2-3). Moreover, no covariates 

(age, sex, race, LOS, ASA) had a statistically significant 

association with complications (Table 2-3). VExUS grading 

scores of those with and without complications over the 

three scanning timepoints are depicted in Figures 3-4. 

Discussion 

Our study demonstrates that the VExUS grading system 

can be used to assess perioperative intravascular 

volume status in patients undergoing abdominal surgery. 

Our results indicate that venous congestion is common 

following surgery, increasing at 24 hours compared to the 

immediate postoperative period. Our study did not 

demonstrate an association between VExUS grade and 

30-day complications.  

The current literature on VExUS use is scant and mainly 

revolves around feasibility at the bedside in critical care 

settings or by nephrologists. Beaubien-Souligny et al. 

described the first specifically post-surgical use of 

VExUS in the ICU after cardiac surgeries. They 

demonstrated the association of higher VExUS grades 

with an increased risk of AKI
 
[8]. Similar studies in 

intensive care settings have shown that VExUS can 

predict adverse kidney events and aid decision-making 

on whether to continue volume depletion in cardiorenal 

syndrome
 
[16,17].  

It was previously uncertain whether VExUS could be 

used in the PACU and surgical floors so soon after a 

wide scope of surgeries. This study exceeded the 

predefined feasibility target metric of 95% completed 

scans postoperatively. Thus, we confirm the feasibility 

and utility of VExUS use by anesthesiologists in this 

perioperative setting for noncardiac surgery patients. We 

found that VExUS grading could be successfully 

Figure 1. Example of a PACU 

VExUS scan with Grade 1: mild 

congestion. A) IVC measured at 

2.43 cm through hepatic window. 

B) Doppler waveform on hepatic 

vein. C) Doppler waveform of 

portal vein with pulsatility 

measurement. D) Doppler 

waveform on intrarenal vein. 

Figure 2. VExUS grading scores over study timepoints. 
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performed on most patients pre-operatively, in the post-

anesthesia care unit (PACU), and the day after surgery. 

Moreover, each scanning session took under 10 minutes, 

was well-received by patients, and did not lead to delays 

in the pre- or postoperative holding areas. Although not 

an objective aim of the study, both ultrasound devices 

were sufficient in quality and feasibility of obtained 

images. Due to the larger screen and ease in seeing 

smaller vessels, we did elect to use the Sonosite more 

towards the end of the study. Venous congestion was 

common, occurring in 44% of patients in the PACU and 

49% of patients 24 hours after surgery. Mild and 

moderate venous congestion has been associated with 

increased kidney injury, but the true extent of this risk is 

unknown. These findings suggest that perioperative fluid 

management may be excessive in some patients, and 

further refinement of goal-directed fluid management 

protocols at our institution is warranted. 

We did not observe an association between positive 

VExUS grades and perioperative complications. 

However, we studied a heterogeneous group of surgical 

procedures and looked at 30-day postoperative surgical 

complications. Moreover, we used a convenience sample 

for this feasibility study, which lacked the power to detect 

Table 2. VExUS scores associations with 30-day complications 

 
No Complication 

(n=47) 

Any Complication 

(n=22) 

Overall 

(N=69) 
P-value 

Pre-op VExUS
a
 – mean (SD) 0.23 (0.48) 0.09 (0.30) 0.19 (0.43) 0.436 

PACU
b
 VExUS

a
 –mean (SD) 0.47 (0.65) 0.70 (0.73) 0.54 (0.68) 0.444 

24-hr VExUS
a
 – mean (SD) 0.65 (0.75) 0.67 (0.80) 0.66 (0.76) 0.997 

Age–median [IQR] 63 [50, 68] 58 [41, 66] 62 [48, 67] 0.490 

Sex 

     Female 

     Male 

  

31 (66%) 

16 (34%) 

  

10 (46%) 

12 (54%) 

  

41 (59%) 

28 (41%) 

0.271 

Race 

     Black 

     White 

     Other 

12 (25%) 

30 (64%) 

5 (11%) 

6 (27%) 

16 (73%) 

0 (0%) 

18 (26%) 

46 (67%) 

5 (7%) 

  

ASA score- mean (SD) 2.8 (0.51) 2.7 (0.70) 2.8 (0.57) 0.922 

Length of Stay - mean (SD) 2.7 (2.0) 3.7 (2.8) 3.0 (2.3) 0.216 

a
VExUS- venous excess ultrasound score 

b
PACU- post-anaesthesia care unit 

Figure 3. Ordinal VExUS grades over study timepoints 

stratified by all-cause 30-day complications cohort and 

no complication cohort 

Figure 4. Ordinal VExUS grades over study timepoints 

stratified by AKI cohort and no AKI cohort  
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meaningful differences. A prospective study sufficiently 

powered that would intervene when positive VExUS 

scans were discovered requires hundreds of patients if 

the complication rate was similar to our 30%. Also, at this 

stage the definitive effective interventions after positive 

VExUS scans following abdominal surgery are not yet 

understood. A prospective randomized intervention study 

would be important because of the large number of major 

abdominal surgeries performed each year. The results 

presented here do fall in line similarly with a 150 subject, 

prospective general ICU cohort that also did not see 

associations with AKI or month long outcomes
 
[18]. This 

was also probably underpowered for this outcome. 

Our study is limited by the narrow study window. Further, 

our secondary complication outcomes are limited by 

relatively small sample size for such generalizable 

outcomes. Moreover, due to the potential ambiguity of 

Doppler scanning results, there is a possibility for bias in 

the grading based on other clinical presentations at the 

time of scanning. However, we mitigated this risk by 

using two individuals for scanning who came to a 

consensus on all grades. 

Limitations of the VExUS scans are present at various 

parts of the protocol. For instance, hepatic vein flow can 

be affected by tricuspid insufficiency [19], while intrarenal 

vein waveform can be challenging to capture and is the 

most common reason for failed scoring. Moreover, 

although we were attuned to common pitfalls with hepatic 

vein interpretations, since we did not use ECG tracing 

with hepatic veins there could be episodes of error with 

interpretation of doppler wave patterns thus introducing 

further limitations to this study. Although the qualitative 

cardiac views would have detected significant right 

ventricle (RV) or tricuspid dysfunction, we cannot be 

certain that no patients had tricuspid or RV pathology 

that may have impacted VExUS grading. Portal vein 

pulsatility can be seen without underlying pathology in an 

inverse relationship to body mass and thus could cause 

higher skewed scoring to occur
 
[20]. At the 24-hour 

timepoint, 91% of the Grade 2 scores were due to portal 

vein pulsatility. Yet, the portal vein pulsatility could be 

due to iatrogenic causes such as increased abdominal 

pressure from laparoscopic procedures causing pulsatile 

mimicry or unnoticed interference from the hepatic artery. 

Conclusion 

This study demonstrates that the VExUS protocol is 

feasible and can be performed by anesthesiologists to 

assess venous congestion in noncardiac surgery during 

the perioperative period. Further, this study demonstrates 

that venous congestion increases following abdominal 

surgery and venous congestion is a problem that should 

be considered beyond cardiac surgery or in an ICU. In 

the future, larger studies should be performed to evaluate 

the impact of venous congestion on perioperative 

complications. Additional research should be conducted 

to determine if VExUS can be used not only as a 

diagnostic tool but for patient intervention in the 

perioperative period to target fluid administration or 

diuresis. 

Table 3. VExUS scores associations with AKI outcome 

 

No Complication 

(n=58) 

Any Complication 

(n=11) 

Overall 

(N=69) 

P-value 

Pre-op VExUS – mean (SD) 0.21 (0.45) 0.09 (0.30) 0.19 (0.43) 0.715 

PACU VExUS – mean (SD) 0.49 (0.66) 0.80 (0.79) 0.54 (0.68) 0.418 

24-hr VExUS – mean (SD) 0.59 (0.75) 1.00 (0.78) 0.66 (0.76) 0.256 

Age–median [IQR] 62 [49, 67] 62 [44, 67] 62 [48, 67] 0.961 

Sex 

     Female 

     Male 

  

37 (64%) 

21 (36%) 

  

4 (36%) 

7 (64%) 

  

41 (59%) 

28 (41%) 

0.236 

Race 

     Black 

     White 

     Other 

15 (26%) 

38 (66%) 

5 (8%) 

3 (27%) 

8 (73%) 

0 (0%) 

18 (26%) 

46 (67%) 

5 (7%) 

  

ASA- mean (SD) 2.8 (0.55) 2.6 (0.67) 2.8 (0.57) 0.708 

Length of Stay - mean (SD) 2.9 (2.1) 3.6 (3.4) 3.0 (2.3) 0.688 

a
VExUS- venous excess ultrasound score 

b
PACU- post-anaesthesia care unit 
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Background 

Osteoarthritis (OA) is a debilitating degenerative disease 

that affects many joints. The carpometacarpal is one of 

the commonly affected sites (Figure 1). Pain in particular 

is a major component and this can significantly impact 

patients’ activities of daily living [1]. The prevalence of 

symptomatic thumb OA as recorded by the Framingham 

study is 2.7% and 5% for males and females, 

respectively. More recent studies have reported a 

prevalence of erosive OA of the first CMC (CMC1) of 

2.2% [2,3]. According to the recent 2019 American 

College of Rheumatology and Arthritis Foundation 

guidelines, in patients who fail non-pharmacological 

management, medication can be considered, among 

which intra-articular glucocorticoid injection is noted to be 

more efficacious in comparison to other compounds. 

Ultrasound (US) guidance can facilitate the accuracy at 

the target point, which may improve outcomes [4]. The 

aim of this study is to evaluate the effectiveness of 

ultrasound-guided compared to landmark-based intra-

articular injection of CMC1.  

Methods 

A prospective, observational cohort study was conducted 

at St James’s hospital in Ireland between January and 

July 2021. The study employed a convenience sample, 

Research 

Abstract 

Background: Osteoarthritis is a debilitating degenerative disease more pronounced in elderly affecting many joints. 

The first carpometacarpal joint (CMC1) is commonly affected. Pain is the major complaint, which can impact patient’s 

daily activities. Intra-articular glucocorticoid injection can be considered if conservative measures fail and ultrasound 

guided injection might be superior to the traditional anatomic landmark-guided technique. Objective: The aim of this 

study is to evaluate the effectiveness of ultrasound-guided versus landmark-based approach to intra-articular CMC1 

injection using the Australian Canadian osteoarthritis hand index (AUSCAN). Methods: Adult patients diagnosed with 

symptomatic CMC1 osteoarthritis who failed conservative measures were enrolled. In this prospective observational 

cohort study, utilizing a convenience sample, intra-articular corticosteroid injection was administered either by 

ultrasound-guided technique or landmark-based approach. Pain, stiffness and function in 10-points scale at baseline, 6 

and 12 weeks were collected and analyzed using descriptive analysis. Results: There were 33 patients enrolled. Mean 

age was 63 years, with females making up the majority of participants (n = 28, 84.8%). Mean duration of CMC1 pain 

was 10 months (SD=2.5) up to the point of receiving the injection.  Ultrasound guided injection was performed in 60.6% 

(n=20), while 39.4% (n=13) had the landmark approach. Both groups achieved a statistically and clinically significant 

level of change in AUSCAN score at week 6 (P≤ 0.05) but with a recurrence of symptoms at week 12 (P ≤ 0.05). At 

both intervals the AUSCAN scores were better than baseline (P ≤ 0.05). There was no difference between the two 

groups regarding baseline pain VAS score (mean ultrasound group= 6.6 vs landmark group= 7.5; P = 0.18). No 

significant differences were identified between two groups in terms of changes from baseline to 6, 12 and between 6 to 

12 weeks in pain, stiffness and hand function (P > 0.05). Conclusion: No difference was found between the 

ultrasound-guided and landmark-based approaches for CMC1 injection on pain score, stiffness, or function.  
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comprising patients from the dedicated patient lists of two 

expert doctors who routinely perform therapeutic 

injections. Ethical approval was obtained from the St 

James’ and Tallaght Hospital Joint Ethics Committee. To 

be included the following inclusion criteria was required 

of all participants: adults (aged ≥18 years) diagnosed 

with symptomatic first CMC osteoarthritis with Eaton-

Littler stage 2 and greater [5] who had failed conservative 

measures such as anti-inflammatory treatment and 

occupational therapy, with or without splint usage). 

Those who had received a glucocorticoid injection in the 

past three months were excluded. All injections consisted 

of 20mg of depomedrone with a local anesthetic (0.5 ml 

1% lidocaine). One of two techniques were performed: 

the landmark approach, which involved identifying the 

anatomical landmarks for the carpometacarpal joint, and 

the ultrasound-guided technique  (using GE Logiq P9 

machine). Demographic, smoking history and 

employment data were collected at the time of injection. 

Participants completed the Visual Analogue Scale (VAS) 

for pain severity assessment (range: 0-10) and the 

Australian Canadian Osteoarthritis Hand Index 

(AUSCAN) questionnaire, which assessed hand pain, 

stiffness and function on a scale of 0 to 10. This 

questionnaire was completed by all participants at 

baseline, 6 weeks and 12 weeks, which aligns with the 

average duration of injection’s effect [6,7]. 

Statistical analysis 

Data were entered into JASP software and then were 

analyzed. The efficacy of the two methods were 

compared based on the pain severity, stiffness, and 

function of the patient using t-tests and ANOVA. The 

relation between qualitative variables was assessed 

using chi-squared tests. 

Results 

There were 33 patients enrolled in this study. The mean 

age was 63 years (SD = 9.5). There was a higher 

proportion of females (84.8%, n = 28) compared to 

males. At the time of injection majority (81.8%, n = 27) 

were unemployed, and (72.7%, n = 24) were non-

smokers. One patient was left-handed (3%) while the rest 

were right-handed (n=32, 97%). The mean duration of 

CMC1 pain was 10 months (SD = 2.5). There was no 

difference in baseline pain VAS scores between the two 

groups (mean US group= 6.6 vs landmark group= 7.5; P 

= 0.18). 

Over one third of the participants (36.4%, n = 12) did not 

use a hand splint and, 45.5% (n= 15) had a previous 

glucocorticoid injection to the joint of interest. The 

majority of patients (69.7%, n = 23) had a right CMC1 

glucocorticoid injection. Overall, 60.6% (n= 20) had 

ultrasound-guided injection and 39.4% (n = 13) had a 

landmark-based injection.  

Both groups achieved a statistically significant 

improvement in AUSCAN score at week 6 (P≤0.05) but 

with a recurrence of symptoms at week 12 (P ≤0.05), at 

both intervals the AUSCAN scores were better than 

baseline (P ≤0.05) (Figure 2). No significant differences 

were identified between two groups in terms of changes 

from baseline to 6, 12, and between 6 to 12 weeks in 

pain, stiffness and hand function. The US-guided 

injection group and the standard approach group had 

significant better results in pain score at rest, gripping, 

lifting, turning, squeezing, and stiffness in 6 weeks’ time 

as highlighted in Table 1. In the US-guided injection 

group hand function improved significantly at weeks 6 

and 12 (P<0.05) in all aspects assessed apart from 

carrying a full pot with one hand (P= 0.06). While in the 

Figure 1. Transverse (right) and longitudinal (left) scans of the left first CMC demonstrating osteophytes **. Thenar 

muscle (TM), First metacarpal bone (MCP1), Trapezium (TZ), L: lateral, M: medial, P, proximal, D, distal. 
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 Table 1. Comparison changes between two groups (ultrasound-guided vs landmark-based approach) in CMC1 pain, 
stiffness and function.  

  Group Mean difference Std. deviation P value P value (US vs 
landmark) 

Pain at rest (Vas score) 

Change after 6 weeks 

Change after 12 weeks 

 

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

3.5 

2.5 

1.55 

0.115 

-1.95 

-2.385 

0.599 

0.879 

0.599 

0.879 

0.599 

0.743 

<0.001 

0.047 

0.084 

0.896 

0.020 

0.021 

0.094 

Pain in gripping 

Change after 6 weeks 

Change after 12 weeks 

 

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.8 

4.23 

2.5 

1.92 

-2.3 

-2.3 

0.547 

0.678 

0.547 

0.678 

0.547 

0.678 

<0.001 

<0.001 

<0.001 

0.037 

<0.001 

 0.008 

0.373 

Pain in lifting 

Change after 6 weeks 

Change after 12 weeks 

 

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.65 

4.462 

2.95 

2.077 

-1.7 

-2.385 

0.542 

0.673 

0.542 

0.673 

0.542 

0.673 

<0.001 

<0.001 

<0.001 

0.018 

0.018 

0.006 

0.109 

Pain in turning 

Change after 6 weeks 

Change after 12 weeks 

 

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.750 

3.923 

2.950 

1.615 

-1.800 

-2.308 

0.607 

0.753 

0.607 

0.753 

0.607 

0.753 

<0.001 

<0.001 

<0.001 

0.214 

0.030 

0.026 

0.197 

Pain in squeezing 

Change after 6 weeks 

Change after 12 weeks 

 

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.650 

4.154 

2.550 

2.077 

-2.1 

-2.077 

0.615 

0.762 

0.615 

0.762 

0.615 

0.762 

<0.001 

<0.001 

0.001 

0.059 

0.009 

0.059 

0.153 

Stiffness 

Change after 6 weeks 

Change after 12 weeks 

 

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

2.950 

3.462 

1.6 

0.846 

-1.350 

-2.615 

0.581 

0.721 

0.581 

0.721 

0.581 

0.721 

<0.001 

<0.001 

0.070 

1.00 

0.188 

0.007 

0.124 

Turning taps/faucets on 

Change after 6 weeks 

Change after 12 weeks 

 

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.200 

2.615 

2.500 

0.769 

-1.700 

-1.846 

0.538 

0.667 

4.651 

0.667 

0.538 

0.667 

<0.001 

0.003 

<0.001 

0.759 

0.024 

0.067 

0.751 



NOV 2023 vol. 08 iss. 02 | POCUS J | 233 

 Turning around doorknob or handle 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

3.850 

3.692 

2 

1.615 

-1.850 

-2.077 

0.576 

0.715 

0.576 

0.715 

0.576 

0.715 

<0.001 

<0.001 

0.010 

0.192 

0.021 

0.046 

0.964 

Doing up buttons 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.050 

3.154 

2.150 

1.077 

-1.900 

-2.077 

0.651 

0.808 

0.651 

0.808 

0.651 

0.808 

<0.001 

0.003 

0.018 

0.822 

0.049 

0.113 

0.742 

Fastening jewellery 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4 

4.602 

2.050 

2.296 

-1.950 

-2 

0.557 

0.691 

0.557 

0.891 

0.557 

0.691 

<0.001 

<0.001 

0.005 

0.074 

0.008 

0.042 

0.947 

Opening a new jar 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.550 

4.308 

2.350 

2.077 

-2.200 

-2.231 

0.603 

0.748 

0.603 

0.748 

0.603 

0.748 

<0.001 

<0.001 

0.003 

0.044 

0.005 

0.033 

0.691 

Carrying a full pot with one hand 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

3.850 

4.154 

1.8 

1.692 

-2.050 

-2.462 

0.651 

0.808 

0.651 

0.808 

0.651 

0.808 

<0.001 

<0.001 

0.060 

0.241 

0.028 

0.034 

  

Peeling vegetables/fruits 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

4.7 

3.769 

2.8 

2 

-1.9 

-1.769 

0.633 

0.785 

0.633 

0.785 

0.633 

0.785 

<0.001 

<0.001 

<0.001 

0.082 

0.039 

0.139 

0.607 

Picking up large heavy objects 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

3.950 

4 

2 

1.538 

-1.950 

-2.462 

0.615 

0.762 

0.615 

0.762 

0.615 

0.762 

<0.001 

<0.001 

0.020 

0.239 

0.021 

0.020 

0.879 

Wringing out wash cloths 

Change after 6 weeks 

Change after 12 weeks 

  

Change between 6-12 weeks 

US 

Landmark 

US 

Landmark 

US 

Landmark 

3.8 

3.462 

1.750 

1.154 

-2.050 

-2.308 

0.611 

0.757 

0.611 

0.757 

0.611 

0.757 

<0.001 

<0.001 

0.051 

0.664 

0.015 

0.034 

0.645 

Table 1 (con’t). 
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landmark-based approach group significant 

improvements were captured at week 6 (P <0.05) (Table 

1). No injection side reactions or complications were 

reported during the duration of this study. 

Discussion 

Osteoarthritis involving the first CMC is a degenerative 

joint condition for which patients seek intervention to 

alleviate pain and improve hand function. In this study, 

Figure 2. Changes in Australian Canadian osteoarthritis hand index (AUSCAN) scores at week 6 with a recurrence 

of symptoms at week 12 in the study groups ultrasound (US) vs landmark based injection technique.  
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33 participants with symptomatic CMC1 arthritis were 

prospectively evaluated for response to either ultrasound

-guided or landmark-based joint injection. Both cohorts 

were predominantly female, with a median age of 65 

years consistent with baseline demographics of previous 

studies [4,6,8]. Previous research has shown that intra-

articular corticosteroid injections can improve hand pain 

and function regardless of osteoarthritis stages. 

However, they have also been shown to be more 

efficacious for longer durations (beyond 3 months) for 

early (Eaton 1-2) than late (Eaton 3-4) osteoarthritis 

stages [8,9], similar to the outcome of using hand splint 

[10].  

In addition, a case series of 43 patients with grade 2 or 

higher Eaton classification were assessed following 

ultrasound-guided injection to the CMC1 and a strong 

correlation was found between patients who had 

persistent pain following glucocorticoid and local 

anesthesia injection at one week and the progression to 

surgery, (odd ratio 3.1) [11]. Factors influencing the 

likelihood of a repeat injection or surgical intervention are 

beyond the scope of this study. 

Several studies have been done comparing use of 

ultrasound-guided  versus landmark-based approach in 

small joint or structures [12-14]. To et al. performed a 

similar study on cadavers, they found that the success 

rate by injection site was higher for ultrasound-guided 

participants than for non-ultrasound participants for 

thumb CMC arthrosis (72% vs. 38%), which was 

confirmed by fluoroscopy and later by dissection and 

localizing the blue dye mix in the cadavers [12]. On the 

other hand, Derian et al. found no statistically significant 

difference in accuracy between the two methods 

(ultrasound vs. landmark approach) in cadaver 

investigations [15], although no clinical conclusion could 

be drawn from these studies. 

In this study, we found that the effect of intra-articular 

corticosteroid injection is satisfactory but transient for 

both ultrasound-guided and landmark based CMC1 

injection 

Limitations 

Our study had limitations, including a small sample size, 

convenience sample of doctor’s own patients, lack of 

blinding, and two experts performing the injection in both 

arms. 

Conclusion 

In a small study of ultrasound versus landmark based 

CMC1 injection for OA, both techniques provided similar 

transient pain relief. 
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Rationale for preoperative cardiac POCUS 

Pre-anesthetic evaluation aims to collect data that will 

enable us to establish rational strategies and enhance 

interventions to improve care and reduce perioperative 

risks providing greater safety to the perioperative 

process. In order to determine if the patient is suitable for 

anesthesia, typically a series of tests are usually required, 

including many laboratories and images. Consequently, 

in place of a one-size-fits-all approach, our objective is to 

personalize medicine to the greatest extent feasible 

through the evaluation of each case separately and the 

provision of a treatment that is tailored to the patient's 

needs [1]. Currently, ultrasonography has experienced 

greater availability, portability, and cost-effectiveness, 

enabling health care specialists, including 

anesthesiologists, to provide meticulous and 

individualized decisions. In this context, an expert level of 

ultrasonography understanding and comprehension is 

necessary in order to incorporate it into daily activities 

and base actions on the findings [2].  

Cardiac point of care ultrasonography (POCUS) has been 

designed to provide rapid clinical information [3]. 

Formerly known as focused cardiac ultrasonography 

(FOCUS), the term cardiac POCUS is now commonly 

used, yet the terms are frequently interchanged in the 

literature. Different specialties, including emergency 

medicine, family medicine, pediatrics, and critical care 

medicine, among others, have influenced the 

development and application of this relatively novel 

technique [4]. Cardiac POCUS does not replace formal 

echocardiography, which usually falls under the scope of 

cardiologists and cardiac anesthesiologists, but it can be 

helpful in providing crucial information in the preoperative 

phase to rapidly evaluate of biventricular dimensions and 

function, recognize extreme volume states, detect 

pericardial effusion, and identify morphologic markers of 

severe valvular disease [5]. 

Formal preoperative echocardiography has traditionally 

been recommended when there is substantial 

cardiovascular disease without recent follow-up, 

unexplained dyspnea, a functional class less than 4 

METS or a Duke Activity Status Index less than 34 [6–8]. 

Nevertheless, cardiac POCUS can aid in the recognition 

of dangerous, often silent, and unexpected conditions, 

thereby enabling for improved risk allocation and 

individualized patient care. 
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Formal preoperative echocardiography has traditionally been recommended when there is substantial cardiovascular 

disease without recent follow up, unexplained dyspnea, a functional class less than 4 METS or a Duke Activity Status 

Index less than 34. However, it is important to note that certain patients may present with a variety of cardiac 

abnormalities due to their preexisting condition or multiple treatments, and these individuals warrant consideration. The 

objective of pre-anesthetic cardiac POCUS is to provide clinical information in a timely manner. Although it does not 

aim to replace conventional echocardiography, cardiac POCUS can undoubtedly assist anesthesia practitioners in 

identifying asymptomatic and potentially hazardous conditions, allowing for more accurate risk allocation and 

individualized patient care.  
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Evidence supporting preoperative cardiac POCUS  

A prospective observational study in which preoperative 

cardiac POCUS was performed by an anesthesiologist 

and validated by a cardiologist in 100 patients older than 

65 years or with suspected cardiac disease, 54 patients 

had their anesthetic plan altered; some were referred to a 

cardiologist, others had their anesthetic or surgical 

technique altered, and others were referred to highly 

dependent facilities in the postoperative period [9]. In a 

separate observational study, anesthesiologists 

performed preoperative cardiac POCUS on 170 patients, 

obtaining adequate images in 167 (98%) and detecting 

significant alterations such as mitral valve disease, 

pulmonary hypertension, and aortic stenosis, pathologies 

that could alter perioperative management [10]. Another 

prospective observational study involving 99 patients with 

previous cardiac diagnoses (systolic or diastolic left 

ventricular failure, vasodilatation, hypovolemia or 

pericardial effusion) scheduled for non-cardiac 

emergency surgery, 44% of patients had their treatment 

modified after preoperative cardiac POCUS [11]. An 

additional prospective cohort study of 100 patients older 

than 60 years assessed hemodynamics, biventricular 

function, valvular competence, pericardial effusion, and 

pulmonary pressures using preoperative cardiac 

POCUS. They found 26% of patients with LVEF 

alterations, 18% of patients with valvular lesions, and 

40% of patients with diastolic dysfunction. Additionally, 

the anesthetic behavior of 20% of patients was altered, 

and 4% of patients were cancelled [12]. A separate large 

database of transthoracic echocardiography (TTE) 

conducted by the department of anesthesia at the 

Memorial Sloan Kettering Cancer Center in the United 

States revealed that cardiac POCUS patterns provided 

significant responses that guided management in a 

substantial percentage of patients [13]. 

Following these observational studies, two randomized 

controlled trials (RCTs) have recently been conducted. In 

a pilot RCT led in Australia, anesthesiologists were 

instructed to perform cardiac POCUS in 100 patients 

undergoing femoral neck fracture surgery. Cardiac 

POCUS resulted in a significant decrease in death, acute 

kidney injury, myocardial infarction, and cerebrovascular 

accidents [14,15]. In contrast, cardiac POCUS did not 

appear to reduce postoperative hospitalization days or 

mortality in the PREOPFOCUS RCT, which included 327 

high-risk patients over the age of 65 undergoing 

abdominal or orthopedic surgery and ASA 3 – 4 [16]. 

Unfortunately, this trial had to be terminated early due to 

COVID-19 restrictions. Perioperative evaluation of 

cardiac morphology and function is clearly plausible [17]. 

However, conducting real-world studies in the field of pre

-operative cardiac POCUS can be challenging due to the 

heterogeneity of the patient population. 

Recent studies indicate that practitioners can 

comprehend cardiac POCUS after receiving 20 to 30 

cases of guided cardiac POCUS education [18]. 

However, it is unknown how many are required for 

accurate interpretation, though this could be overcome 

through consistent training. The majority of residency 

programs in anesthesiology do not include a formal 

curriculum in the use of perioperative cardiac POCUS, 

which is typically designated for residents who voluntarily 

choose to expand their knowledge of cardiac anesthetic 

or critical care [19].  

Certain clinical settings in which preoperative 

cardiac POCUS could be appropriate 

Elderly patients (over 65 years) 

The global population is advancing in age and elderly 

individuals warrant particular attention [20]. As a result of 

aging, geriatric patients experience stiffening of their 

arterial circulatory system and heart chambers which 

might result in a variety of illnesses, notably heart failure 

[21]. Valve thickening specifically at mitral or aortic 

positions (i.e., degenerative, rheumatic, calcific, others) 

[22], is an additional significant structural change that can 

occur over time and occasionally lead to stenosis or 

insufficiencies with potential hemodynamic effects. 

Arrhythmias are common, especially atrial fibrillation 

(AF), which worsens with age and may affect 1 in every 5 

people by the age of 80, significantly increasing the risk 

of stroke [23]. 

Using cardiac POCUS, we can visually determine if the 

chambers of the heart are enlarged, which indicates the 

presence of a chronic cardiac condition. Prior to 

administering anesthesia, a rough estimate of the left 

ventricle ejection fraction (LVEF) is essential, either 

qualitatively by eyeballing [24] or quantitatively using 

Simpson´s biplane method [25]. 

In addition, certain findings can aid in determining of an 

increased thromboembolic risk, predominantly in patients 

with AF. Left atrial enlargement is a significant indicator 

of chronic remodeling that provides clues to underlying 

cardiac disease and is a strong predictor of future events. 

Using 2D imaging during cardiac POCUS, we will be able 

to roughly estimate the increase in atrial size, as well as 

the possible deviation of the interatrial septum and the 

enlargement of the left atrial appendage [26]. There is 

evidence that a volume increase exceeding 34 ml/m
2
 is 

associated with an increased risk of ischemic stroke and 

mortality [27]. 

Moreover, spontaneous echo contrast resembling the 

appearance of smoke within the LA indicates blood stasis 

and stagnation and appears to be a precursor of 

intracavitary thrombi [28]. Reduced velocity (less than 

20cm/s) and the presence of a thrombus in the LA 
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appendage are extremely high-risk characteristics; 

however, transesophageal echocardiography (TEE) is 

required for detecting them [29].  

Additionally, the assessment of mitral and aortic valves 

can be performed in order to determine the presence of 

notable stenosis or regurgitation. However, in these 

instances, spectral doppler and advanced training are 

required (Table 1).  

Patients with cancer 

According to the World Health Organization, cancer is 

the second leading cause of death worldwide, only 

behind cardiovascular disease [30]. This subgroup of 

patients frequently necessitates preoperative 

consultation [31]. 

Patients with cancer may develop a variety of 

cardiovascular complications, including effects of 

mediastinal metastatic disease [32-34], less frequently 

encountered are primary intracardiac tumors such as 

sarcomas or myxomas. 

Moreover, while new cancer medicines have made 

remarkable improvements in terms of quality of life and 

mortality, short- and long-term direct cardiotoxicity is 

strongly linked to cancer treatment [35], including 

anthracyclines (i.e. doxorubicin), alkylating agents (i.e. 

cyclophosphamide), monoclonal antibodies (i.e. 

trastuzumab, imatinib, bortezomib), among others 

routinely used in a wide range of hematological and 

solids tumors. Cancer related coagulation disorders 

increase the risk of deep vein thrombosis (DVT) and 

pulmonary embolism (PE) [36], which remain an 

additional important factor to take into account prior to 

surgery.  

Cardiac POCUS can play a pivotal role in the necessary 

preoperative assessment [37]. It is crucial to promptly 

exclude the presence of significant left ventricular (LV) 

dysfunction (e.g., cardiotoxicity due to chemotherapy). In 

addition, it is extremely important to look for tumor 

extension and pericardial effusion, which can go 

undetected in mild cases and lead to life-threatening 

tamponade in others. 

Although cardiac POCUS does not replace computed 

tomography in the diagnosis of PE, severe cases can 

present with acute dilatation and dysfunction of the right 

ventricle (RV) (low TAPSE and fractional area change 

[FAC]), and McConnell's sign [38] (Table 2). 

Patients in the intensive care unit  

Critically ill patients are faced with life-threatening 

multisystem processes and routinely necessitate central 

vascular access and multiorgan support (e.g., 

mechanical ventilation and dialysis) [39], which may 

result in some adverse effects for which cardiac POCUS 

may be beneficial. Due to the performance of various 

surgical procedures during their stay in the intensive care 

unit, this subgroup of patients often requires 

anesthesiology consultation as part of their 

multidisciplinary management, and cardiac POCUS can 

aid cardiovascular evaluation. 

Mechanical ventilation support may cause a decrease in 

RV preload by decreasing right atrial transmural pressure 

and cause an increase in RV afterload by increasing 

pulmonary vasculature resistance (e.g., high PEEP), 

resulting in RV dysfunction in severe cases [40–42]. 

Cardiac POCUS can also be used to identify increased 

ventricular interdependence [43]. 

Table 1. Preoperative cardiac POCUS for elderly 
patients.  

Cardiac POCUS utility Critical findings 

• Left ventricular func-
tion 

• Diastolic and/or 
systolic dysfunction 

• Valvular disease  • Stenosis/regurgitation 

• Spectral doppler and 
advance training often 
required  

• Left atrial area and 
volume 

• Severe dilation can be 
seen in diastolic dys-
function, mitral valve 
disease 

Table 2. Preoperative cardiac POCUS for patients with 
cancer. 

Cardiac POCUS utility Critical findings 

• Left ventricular 

function 

• Diastolic dysfunc-

tion and systolic 

dysfunction due to 

cardiotoxicity 

• Pericardial evalua-

tion 

• Pericardial effusion 

• Tamponade physi-

ology 

• Signs of pulmonary 

embolism 

• Right ventricular 

dilation 

• Right ventricular 

disfunction 

• Ventricular interde-

pendence 

• Thrombus in transit 

• McConnell´s sign 
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To evaluate the right atrial (RA) pressure of the patient at 

the  bedside, the diameter of the inferior vena cava (IVC) 

in proximity to the cavo-atrial junction (CAJ) can be 

measured [44]. Simplified, if the IVC measures less than 

10 millimeters with collapse on inspiration, the patient is 

has low RA pressure (often due to hypovolemia). 

Conversely, if the IVC exceeds 20 millimeters and does 

not have respiratory variation, RA pressure is elevated, 

which can be due to hypervolemia; therefore, 

perioperative fluid restriction or diuretic use may be 

required. It is also possible to calculate the velocity time 

integral (VTI) of the left outflow tract and estimate the 

cardiac output in order to better comprehend the 

hemodynamic profile at a fixed point [45,46].  

Takotsubo syndrome, common but not exclusive to 

critically ill patients, is a reversible heart failure 

characterized by apical segment akinesia and basal 

segment hyperkinesia, resembling the Japanese octopus 

trap from which it derives its name; however, other 

atypical patterns can occur. Pre-anesthetic cardiac 

POCUS can be used to assess left ventricular (LV) 

function and identify the typical apical-midventricular 

ballooning pattern, as well as the circumferential pattern 

of Takotsubo cardiomyopathy [47,48].  

Cardiac manifestations of septic cardiomyopathy affect 

10% to 80% of septic patients [49], involving a variety of 

patterns ranging from hyperdynamic profiles to 

biventricular dysfunction; consequently, cardiac POCUS 

is useful in recognizing some of these features. Catheter-

related endocarditis is an uncommon but serious 

complication associated with central venous catheter 

infections [50], primarily caused by highly prevalent 

microorganisms in intensive care units such as 

staphylococcus aureus and candida spp., hence a high 

level of suspicion must always be maintained. During the 

preanesthetic phase, cardiac POCUS has the potential to 

recognize these endocardial changes (Table 3). 

Patients with comorbidities  

A wide range of diseases, including autoimmune 

conditions, sickle cell disease, chronic obstructive 

pulmonary disease, liver cirrhosis, chronic kidney 

disease, malnutrition, and HIV, among others, may result 

in latent cardiac conditions. These include pulmonary 

hypertension with RV compromise (i.e. tricuspid valve 

regurgitation jet velocity greater 2.8m/s), right atrial and 

ventricle enlargement, flattened septum caused by 

volume or pressure overload, cardiomyopathies such as 

diastolic and systolic biventricular heart failure,  

pericardial effusions, and other life-threatening 

complications, many of which are detectable by cardiac 

POCUS [51–53]. 

Coronary artery disease may be suspected if there is the 

presence of regional wall motion abnormalities, 

predominantly hypokinesia or akinesia of segments 

corresponding to a specific vascular territory [54]. 

Furthermore, cardiac POCUS enables a quick estimation 

of LV systolic function and identification of secondary 

complications such as free wall or septal rupture, LV 

aneurysms, intracavitary thrombi, and chronic myocardial 

remodeling. 

Users of illicit psychoactive substances 

Illicit and prohibited substances are widespread in 

modern society, affecting individuals of all ages, genders, 

and socioeconomic backgrounds [55]. A considerable 

number of these substances have the potential to directly 

impair cardiac function. Cocaine is a sympathomimetic 

Table 3. Preoperative cardiac POCUS for critically ill 
patients, comorbid patients, and users of illicit 
psychoactive substances.  

Cardiac POCUS utility Critical findings 

• Right ventricle mor-
phology and function 

• RV dilation and dys-
function 

• Tricuspid valve regur-
gitation jet velocity 
greater than 2.8m/s, 
flattened septum, RA 
enlargement 

• Ventricular interde-
pendence 

• Inferior vena cava 
assessment 

• RA pressure estimate 
(to aid in assessment 
of volume status) 

• Examination of wall 
motion 

• Global or regional LV 
dysfunction 

• Valve and endocardi-
um morphology 

• Valve thickening, 
masses, thrombi 
(critically ill, intrave-
nous drug users, 
comorbid) 

• Left atrial dimension • Diastolic dysfunction 
parameter 

RV: Right ventricle; RA: Right atrial; TAPSE: tricuspid 
annular plane systolic excursion; VTI: left ventricle out-
flow tract velocity time integral; LVEF: left ventricle ejec-
tion fraction.  
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substance that can cause long-term myocardial damage 

due to vasoconstriction, coronary spasm, and platelet 

aggregation, among other factors. Chronically increased 

left ventricle mass can result in diastolic heart failure and 

a significant reduction in LVEF [56]. Injection drug-related 

infective endocarditis can affect individuals who inject 

drugs [57]. It is critical to consider this condition during 

the pre-anesthetic period.  

Conclusion  

Cardiac POCUS is a rapidly available tool that may assist 

us in detecting potentially silent and dangerous 

preoperative conditions, allowing anesthesiologists to 

provide timely perioperative management. Cardiac 

POCUS is not intended to replace a formal 

echocardiogram, traditionally considered the domain of 

specialists such as cardiologists and cardiac 

anesthesiologists. However, there are situations in which 

perioperative management requires the assessment of 

patients for specific conditions that may have immediate 

cardiac implications. 
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