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A point-of-care ultrasound (POCUS) workflow is 

composed of multiple processes managed by various 

stakeholders. There are concurrent front and back end 

steps including: acquiring, archiving and interpreting 

images; documenting the POCUS study and ultimately 

coding and billing for the study [1]. An efficient POCUS 

workflow is important for both patient care and billing [2-

4]. Unfortunately, there is no single standard across 

POCUS programs [5]. Based on our institutional 

experience, we suggest that programs engage key 

groups described in this perspective piece.  

The Clinical Operations team includes the clinicians, who 

serve in the role of the Vice Chair of Operations, the 

Medical Director for the hospital site, the Nurse Manager, 

and others employed to maintain and improve the day-to-

day functioning of the department. This is the most 

important group with whom to partner. For the sake of 

illustration, consider an electrocardiogram (ECG) 

workflow. What happens when an ECG machine breaks? 

The operations team, who is responsible for the 

machinery, works closely with Biomedical engineering 

(Biomed) and information systems and technology (IS&T) 

to get the ECG machine functional, online, and 

interfacing. Ideally, there is a clearly defined process for 

escalating real time technical issues to the operations 

team, that does not require the POCUS team to be 

directly involved.  

The Biomed team is primarily responsible for ultrasound 

machine hardware. Although most readily available 

during business hours, they are available 24 hours a day 

and 7 days a week. These team members have the 

technical expertise to handle ultrasound equipment 

issues, including cords and transducers. They also 

interface directly with the ultrasound companies. They 

can, for example, navigate loaner machines and 

transducer exchanges. Biomed can also assist with 

routine maintenance of machinery, such as cleaning fans, 

or adjusting clocks during daylight savings.  

The IS&T team maintains the wifi connectivity of the 

ultrasound machines as well as the transmission and 

storage of POCUS examinations. Involving this team is 

crucial for any connectivity problems which arise: 

Electronic Health Record (EHR) to machine, machine to 

wifi transmission, and machine to the picture archiving 

and communication system PACS [6]. The IS&T team 

monitors the work process, and optimizes efficiency [7].  

The POCUS faculty are the primary point of 

communication with the EHR and billing teams. The EHR 

team is rarely an active participant in the workflow once 

launched. When first creating the workflow, this team is 

required to ensure procedure note creation specific to 

institutional POCUS criteria and coding/billing guidelines. 

This team is particularly important for automating certain 

tasks, such as sending reminders to clinicians, who 

perform an examination but forget to document their 

POCUS examination.   

On the back end of building the workflow is the coding 

and billing team. Once coding and billing are established 

for the POCUS program, this team can interface with the 

department administration and POCUS faculty for 

periodic e.g. monthly reviews to maximize compensation 

for the patient care being performed [4]. 

Often, not enough expectation and responsibility is 

placed on the clinician performing the POCUS 

examination. The culture and messaging is best led by 

the department chairperson and leadership alongside the 

POCUS faculty leadership. Using the analogy of the ECG 

again, the clinician knows his/her responsibility in 

ordering, reading, documenting, and integrating the ECG 

interpretation. Similarly, the clinician's adherence to a 

POCUS workflow and standardized protocol is a key 

element of continued success. Creating fail-safes in the 

workflow, including EHR alerts and automated messaging 

to encourage standardization in behaviors can improve 

clinician adherence with departmental expectations. 

Clinicians also should be educated and reminded of the 

POCUS workflow, so that if they encounter breaks in the 

system, they know who to contact and how to get 

problems addressed realtime. Regular clinician specific 

feedback and metrics sharing are important. 

A POCUS workflow can be an efficient process, and in 

our experience this requires the communication, 

commitment, and involvement of a multidisciplinary team. 

We realize that what we propose requires a culture 
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change for many institutions with historically established 

silos of responsibility. However, we believe that keeping 

the focus of the workflow on delivering timely, safe, and 

cost-efficient patient care is the foundation on which to 

build. Team building, communication, and the delegation 

of responsibilities, based upon subject matter expertise, 

can facilitate an efficient POCUS workflow.  
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Case File 

An 87 year old male with past medical history significant 

for metastatic prostate cancer complicated by obstructive 

uropathy necessitating right percutaneous nephrostomy 

tube placement and stage-III chronic kidney disease 

(baseline serum creatinine ~1.5 mg/dL) presented in 

transfer from another hospital with gross hematuria and 

dysuria. His right nephrostomy tube had been placed 

seven months prior to admission. At some point during 

the interval period, the right nephrostomy tube was 

removed. Two days prior to admission, he experienced 

subjective fevers and generalized weakness. One day 

prior to transfer to this hospital he had hematuria and 

dysuria and was sent by ambulance to another local 

hospital. He was found to have a serum creatinine of 

5.6 mg/dL and a urinalysis concerning for urinary tract 

infection. A bedside renal ultrasound done at that facility 

by a non-radiologist provider reportedly showed right 

sided hydronephrosis and a right upper pole renal mass. 

The report and images from this study were not available 

for review at the time of transfer. He received levofloxacin 

and a Foley catheter was placed. He was then 

transferred to this hospital.  

On admission, vital signs were within normal limits. His 

abdomen was non-tender to palpation without palpable 

masses. The site of the prior right nephrostomy tube site 

was unremarkable. A Foley catheter was draining clear 

yellow urine. Laboratory work-up was significant for 

leukocytosis (28.2 x 10
3
/µL), blood urea nitrogen  

80 mg/dL, and serum creatinine 4.85 mg/dL. Urinalysis 

was significant for >100 white blood cells and red blood 

cells and a “few” yeast per high powered field. On arrival, 

renal point of care ultrasound was done. The left kidney 

had no structural abnormalities. On the right, a 

perinephric anechoic fluid collection was seen, no 

hydronephrosis was present (Figure 1, online Video S1). 

Interventional radiology (IR) ultrasonographically 

confirmed these findings. Under fluoroscopy, IR injected 

contrast via the prior nephrostomy tube tract and contrast 

reached the perinephric fluid collection. A percutaneous 

drain was inserted into the fluid collection with return of 

~30 mL of purulent fluid. Blood cultures grew 

Pseudomonas aeruginosa and Candida glabrata. 

Creatinine from the fluid collection was 4.2 mg/dL (serum 

creatinine was 4.3 mg/dL). The perinephric fluid collection 

grew Escherichia coli. He was started on micafungin and 

cefepime. One day later, repeat ultrasound showed 

resolution of the anechoic fluid collection (Figure 2). 

Creatinine returned to baseline and the patient was 

discharged on fluconazole and cefepime to complete his 

treatment course. He was seen two weeks after 

discharge in clinic and was doing well, at which time the 

drain was removed.  

Hiding in Plain Sight: A Case of Perinephric Abscess Diagnosed by 

POCUS 

 
David Haughey, MD; Tai Truong, MD 

 
Dartmouth-Hitchcock Medical Center (Lebanon, NH) and the Dartmouth-Geisel School of Medicine (Hanover, NH) 

Case File 

Abstract 

An 87 year old male with obstructive uropathy was initially diagnosed with acute kidney injury (AKI), a new renal mass and 

hydronephrosis. When transferred to a facility with a hospital medicine POCUS program, the renal mass was correctly identified as 

a perinephric abscess, which was percutaneously drained leading to resolution of AKI and the underlying infection. Renal POCUS is 

readily taught via brief educational interventions and empowers providers to identify common (hydronephrosis) and uncommon 

(perinephric abscess) renal pathology at the bedside.   

Figure 1. Right kidney in long-axis with perinephric 
abscess 
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Among patients requiring nephrostomy tube placement 

for malignant obstruction, up to 3.8% develop post-

procedural acute pyelonephritis [1]. Although uncommon, 

trauma secondary to nephrostomy tube placement can 

lead to urinoma or abscess formation. A urinoma can 

become secondarily infected and result in abscess 

formation; an abscess can also form secondary to 

bacterial translocation from the external environment to 

the kidney, via the nephrostomy tube [2]. Urinoma and 

perinephric abscess appear as anechoic fluid collections 

on ultrasound. Prompt diagnosis expedites percutaneous 

drainage which can prevent abscess formation and/or 

progression of infection [3]. Delayed recognition of 

abscess formation is associated with increased risk of 

mortality [4]. The differential diagnosis for perinephric 

pathology with an anechoic appearance on ultrasound 

also includes perinephric hematoma, lymphangioma and 

pancreatic pseudocyst, whereas a heterogeneous 

echotexture can be seen in renal cell carcinoma, 

angiomyolipoma, lymphoma and liposarcoma. Chronic 

perinephric abscesses may have a heterogenous 

echotexture and thus be mistaken as a tumor and 

inappropriate over-gaining may compound this problem 

[5], both of which are potential explanations for initial 

misdiagnosis in this case.  

Many hospitals, particularly rural [6] and community-

based [7], do not have routine availability of radiology 

performed ultrasound. Patients at these facilities face 

delays until ultrasound is available or must be transferred 

to a hospital with ultrasound capability. Delays in 

diagnosis of urinoma or perinephric abscess prolong time 

to definitive treatment and increase the risk of adverse 

outcomes. Multiple institutions have successfully 

implemented brief training courses for novice POCUS 

practitioners to learn renal ultrasound [8].   
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Figure 2. Right kidney in long-axis, after drainage of 
perinephric abscess 
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Introduction 

The use of point-of-care genitourinary ultrasound allows 

dynamic visualization of urinary catheter placement within 

the bladder and serves to minimize the potential for 

traumatic injury to the prostate and urethra during difficult 

insertion.  

Case Presentation 

A 61-year old man with pertinent past medical history of 

benign prostatic hyperplasia (BPH) was admitted for 

bilateral L1-L3 laminoforaminotomy for symptomatic 

lumbar stenosis. Routine intraoperative urinary catheter 

placement with a 14 French Coudé catheter was 

attempted by operating room (OR) nursing staff following 

induction and intubation. The catheter was placed, and 

the balloon was inflated without resistance. However, 

there was no return of urine immediately or in the hour 

following placement even though the patient had reported 

the urge to urinate prior to induction of anesthesia. A 

point-of-care ultrasound of the bladder and prostate was 

performed demonstrating approximately 200 mL of urine 

retained in the bladder.  

There was high suspicion for improperly placed catheter 

even though the initial placement was uncomplicated, 

and the catheter was inserted up to its hub. Ultrasound of 

the bladder and prostate failed to show the catheter 

balloon in the bladder. Dynamic manipulation of the 

catheter under POCUS showed its tip repeatedly abutting 

and traumatizing the prostate at the bladder neck without 

advancement into the bladder (see online Video S1).  

At this point urology was consulted for difficult urinary 

catheter placement. Repeat placement of both 14 and 18 

French Coudé catheters was attempted without return of 

urine and complicated by trauma of the genitourinary tract 

evidence by blood at the meatus. Flexible cystoscopy 

was performed to assist visualization of the urethra but 

was complicated by blood and clots obscuring the view. 

Decision was made to switch to a flexible ureteroscope to 

gain access into the bladder. Given the degree of trauma, 

anatomic challenges, and bleeding in the prostatic 

urethra, visualization via the flexible ureteroscope was 

limited so real-time POCUS was used to slowly advance 

the flexible ureteroscope into the bladder while 

minimizing trauma to the prostate urethra, A guidewire 

was then advanced through the ureteroscope under 

direct visualization into the bladder (see online Video S2). 

The ureteroscope was removed and a 16 French council 

tip catheter was advanced over the guidewire into the 

bladder with efflux of clear urine. The balloon was inflated 

with proper catheter tip placement in the bladder 

confirmed by ultrasound (see online Video S3).  

Bladder Ultrasonography 

The bladder is typically imaged using a 3.5 – 5MHz 

transducer via a transabdominal suprapubic approach. 

The bladder is best visualized when full. On transverse 

imaging, the normal urinary bladder appears as an almost 

rectangular shape with thin walls (< 4mm in thickness). 

Sagittal images of the bladder can be obtained by 

rotation the probe 90 degrees from the transverse plane 

and a normal bladder usually appears triangular in shape. 

The bladder outlet can be visualized by tilting the tail of 

the probe down towards the umbilicus when in the 

transverse position. A normal urine-filled bladder with no 

clots or masses appears completely anechoic within the 

walls. Bladder volume is estimated using the formula [1] 

where w = maximum diameter in transverse plane, d = 

maximal diameter in sagittal plane, and h = maximum 

depth in sagittal plane. 

Discussion 

This case illustrates the importance of genitourinary 

POCUS in visualizing proper or improper placement of a 

urinary catheter, estimating bladder volume, and avoiding 

prostatic and urethral trauma during difficult catheter 

placement. Even routine urinary catheter placement 

subjects the patient to risks of trauma and infection [2]. 

This risk is increased in patients with BPH as the prostate 

compresses the prostatic urethra and makes passage of 

a urinary catheter more difficult [3]. In this case of a 

patient with known BPH, passage of an intraoperative 

urinary catheter appeared to be uncomplicated, yet there 
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was no efflux of urine even with the bladder holding 200 

mL urine.  

Failure of a urinary catheter to drain urine after 

uncomplicated placement can be caused by an empty 

bladder, placement of catheter tip in the urethra, clogged 

catheter tip, kinked catheter, or creation of a false 

passage. The most severe complications is creation of a 

false passage, as this can result in pain, abscess 

formation, urethrocutaneous fistula, and infection [4]. The 

use of POCUS to facilitate placement of a urinary 

catheter over a hydrophilic guidewire in a patient with 

BPH and prior placement of suprapubic catheter has 

been reported [5]. Further, POCUS has been used to 

dynamically guide a Foley catheter into the uterine cavity 

to tamponade life-threatening post-procedure 

hemorrhage [6]. 

This case demonstrates the role of POCUS in visualizing 

the tip of a urinary catheter when the catheter fails to 

efflux urine after placement and can differentiate from 

false passage versus kinked catheter versus inadequate 

tip advancement into the bladder. Repeated attempts at 

re-insertion in the absence of direct ultrasound 

visualization can result in trauma, bleeding, and edema 

requiring indwelling Foley catheter for a prolonged period 

of time. Furthermore, flexible video cystoscopy may not 

be available and bladder POCUS offers an alternative 

visualization method. Lastly, if trauma is suspected, 

cystoscopy may be of limited utility as blood and clots 

may impair the cystoscope’s view. POCUS offers 

visualization of urinary catheter within the bladder and 

prostate even in the setting of a urethral trauma.  
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Introduction 

The use of point-of-care ultrasound (POCUS) in acute 

care medicine has grown exponentially. Given its non-

invasiveness, portability, and excellent image resolution, 

ultrasound (US) machines allow clinicians to quickly – 

and serially – assess an unstable patient at the bedside, 

and guide management by ruling in or out important 

differential diagnoses which often present conflicting 

management goals. POCUS is invaluable in the setting of 

obstetric anesthesia where the differential diagnosis for 

dyspnea, hypoxemia and/or hemodynamic abnormalities 

is particularly broad – and often life-threatening [1].  

We present a case in which a previously (apparently) 

healthy parturient with an uncomplicated pregnancy 

presented antepartum in a hyperdynamic circulatory state 

which worsened during emergency cesarean section. 

When she developed mild dyspnea (SpO2 = 95% on room 

air) post-partum, a POCUS examination revealed a 

severely hypokinetic and dilated left ventricle, which 

triggered a cardiology consultation and critical care 

Abstract 

Point-of-care ultrasound is invaluable in the setting of obstetric anesthesia, where the differential diagnosis for dyspnea, hypoxemia 

and/or hemodynamic abnormalities is broad. This report describes a previously apparently healthy parturient with an uncomplicated 

pregnancy at 35-weeks gestation who underwent an emergency cesarean section under general anesthesia due to severe acute 

abdominal pain and fetal bradycardia. Intraoperatively, she presented with severe hypertension and tachycardia that were difficult to 

control and associated with ischemic ECG changes. In the immediate postoperative period, she developed retrosternal tightness 

and dyspnea, and a bedside point-of-care ultrasound scan revealed a grossly dilated and hypokinetic left ventricle, as well as 

diffuse B-lines throughout all lung fields – consistent with cardiogenic pulmonary edema. She was admitted to the intensive care 

unit, where she recovered over several days. Pheochromocytoma was subsequently diagnosed, and she eventually underwent 

uneventful elective adrenalectomy after appropriate endocrine and hemodynamic optimization.  
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admission. As such, POCUS facilitated the rapid 

diagnosis of congestive heart failure and timely 

management with non-invasive ventilation, inotropic 

support and diuresis in a patient in whom cardiogenic 

shock would have otherwise been substantially further 

down the diagnostic pathway. Furthermore, prompt 

identification of severe cardiomyopathy (in addition to the 

patient’s intra-operative hemodynamic state) provided the 

impetus to recommend imaging and urine metanephrine 

testing, which confirmed the diagnosis of 

pheochromocytoma, and allowed for its appropriate 

management. Notably, these investigations were critical 

to distinguishing pheochromocytoma-induced 

cardiomyopathy from peripartum cardiomyopathy, the 

latter of which poses a significant risk to future 

pregnancies (recurrence rates: 25-100% [2]). Local ethics 

approval and written consent were obtained for 

publication of this report. 

Case Description 

A 24-year-old parturient G2P1 (35 weeks+2 days) was 

admitted with a 3-hour history of acute and rapidly 

progressive lower abdominal pain and non-reassuring 

fetal heart rate (FHR) not associated with vaginal 

bleeding/discharge. The patient reported an otherwise 

uncomplicated pregnancy and denied substance abuse. 

Her past medical history was unremarkable. On arrival, 

her blood pressure (BP) was 135/82 mmHg, heart rate 

(HR) 70 bpm, SpO2 = 98%, and FHR 115 bpm. Fetal 

movement was reportedly absent since the onset of pain. 

Cervical examination revealed intact membranes and no 

bleeding/discharge. Uterine irritability was obvious on 

abdominal examination, with no evidence of peritoneal 

irritation. Bedside US revealed an anterior placenta with 

no signs of abruption, and an infant in cephalic 

presentation with now sustained bradycardia (85 bpm). 

The patient was immediately transferred to the operating 

room (OR) due to suspicion of uterine rupture and/or 

placental abruption.  

In the OR, ECG, SpO2, and non-invasive BP were 

applied, and general anesthesia (GA) was induced, 

followed by tracheal intubation. Anesthesia was 

maintained with sevoflurane (EtSEVO~2%). Given the 

possibility of ongoing hypovolemia, crystalloids were 

rapidly infused through 2 peripheral 18G intravenous lines 

and ephedrine 10 mg was administered upon induction. 

This triggered an unusual and disproportionate 

hypertensive (215/110 mmHg) response associated with 

ECG changes (ST depression and T wave inversion) 

which was managed with propofol (50 mg). A 

Pfannenstiel incision was performed and the infant 

delivered without complication. Given persistent 

hypertension (systolic BP 170-200 mmHg) and 

tachycardia (130 bpm), incremental doses of fentanyl and 

morphine (total of 250 mcg and 10 mg, respectively) were 

administered on the assumption that the hemodynamics 

were pain-related, with negligible effect. No free fluid/

blood was noted upon entry into the abdomen, and the 

uterus appeared normal (no evidence of Couvelaire 

uterus). Amniotic fluid was clear, and the placenta did not 

show evidence of abruption. The placenta appeared 

smaller than normal consistent with chronic ischemia, 

which also raised the possibility of acute uterine ischemia 

as a cause of her abdominal pain. Urinary bladder, 

ovaries and fallopian tubes were intact. Given the lack of 

an obvious reason to explain the patient’s acute and 

severe preoperative abdominal pain, general surgery was 

consulted intraoperatively; however, no intra-abdominal 

pathology was identified. Notably, intraoperative palpation 

of the patient’s right upper abdominal quadrant triggered 

severe hypertension (220/100 mmHg) and tachycardia 

(135 bpm). This was treated with hydralazine (40 mg), 

and prompted the anesthesia team to arrange for 

phentolamine as undiagnosed pheochromocytoma was 

now suspected. Estimated blood loss was 500-700 mL, 

and the patient received a 1500 mL of crystalloid. Upon 

completion of surgery and tracheal extubation, the patient 

was transferred to the post-anesthetic care unit in stable 

condition (BP = 142/90 mmHg, HR = 120 bpm, SpO2 = 

97% on room air).  

Shortly after, the patient complained of progressive 

retrosternal tightness and shortness of breath. She was 

tachypneic (26 rpm) and diaphoretic, with bilateral basal 

crackles. Vital signs were BP = 145/89 mmHg, HR = 110 

bpm, and SpO2 = 95% on oxygen (15 L/min) through a 

non-rebreather facial mask. Blood work revealed an 

elevated CK (262 U/L) and troponin (1111 ng/L). 

Toxicology profile was negative and the remaining blood 

tests (CBC, electrolytes, preeclampsia panel, TSH and 

PTT/INR) were within normal range. A bedside POCUS 

revealed a globally dilated left ventricle with severe 

systolic dysfunction and wall motion abnormalities 

consistent with reverse-Takotsubo pattern (basal and mid

-segment hypokinesis/akinesis and apical segment 

hyperkinesis), normal right ventricular function, no 

pericardial effusion, severe mitral regurgitation, and mild-

to-moderate tricuspid regurgitation (Figure 1, online 

Videos S1-5). These findings were readily apparent to the 

operators (JKL and GBM) and later confirmed by a formal 

transthoracic echocardiogram (without contrast) 

performed by a certified echocardiographer. Bilateral 

multiple B-lines were identified on lung US. At this point, 

BiPAP, dobutamine infusion and furosemide 40 mg were 

administered upon transferring the patient to the ICU. The 

differential diagnosis included pheochromocytoma, 

thyrotoxicosis, and pre-existing viral or peripartum 

cardiomyopathy. Particularly, pheochromocytoma was 

suspected on the basis of the disproportionate 
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hyperdynamic response to both ephedrine and direct 

palpation of the right upper abdominal quadrant. 

(Ephedrine is an indirect acting vasopressor that 

stimulates the release of endogenous catecholamines 

which makes it relatively contraindicated in 

pheochromocytoma due to potential for massive release 

of tumoral catecholamines and subsequent hemodynamic 

instability. Similarly, direct mechanical mobilization (e.g., 

palpation) of the tumor may result in an extreme 

hyperdynamic response from a similar (i.e., tumoral 

catecholamine release) mechanism). On further 

investigation, a contrasted computed tomography scan 

revealed a 5 x 4 x 4 cm right adrenal gland mass and the 

diagnosis of pheochromocytoma was subsequently 

confirmed with urine metanephrine testing. Later in the 

year, after optimization by a multidisciplinary team, this 

patient underwent laparoscopic right adrenalectomy 

uneventfully.  At the time of this writing, both patient and 

infant are in good health and thriving. 

Figure 1. Parasternal long axis (A) and apical 4-chamber (B) views showing a dilated left ventricle (LV). Similar 

views are shown in panels (C) and (D), respectively, with color Doppler demonstrating significant mitral regurgitation 

(yellow arrow). RV = Right ventricle; LVOT = Left ventricular outflow track; RA = Right atrium; MV = Mitral valve; TV 

= Tricuspid valve.  
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Discussion 

Coexistence of pregnancy and pheochromocytoma is 

rare. Only 1/5 of cases are identified in the peripartum 

period, typically as a result of complications [3]. In our 

case, the pheochromocytoma manifested with the onset 

of abdominal pain/labor, and the diagnosis was facilitated 

by the use of POCUS.  

Heart disease is a major cause of maternal morbidity and 

mortality [2,4]. While obstetric critical illness frequently 

presents on the background of good health and 

significant physiologic reserve, the obstetric population is 

evolving to include advanced maternal age, morbid 

obesity, and heart disease [1]. With this reality, obstetric 

guidelines now emphasize the importance of the skill set 

to diagnose and manage heart failure in pregnancy, with 

emphasis placed on early identification of patients who 

require intervention [2,4]. Dyspnea, a common symptom 

in the peripartum period, can be benign and self-resolving 

(e.g., atelectasis, abdominal pain) or an early warning of 

critical illness (e.g., pulmonary embolism, hemorrhage, 

heart failure). In this setting, POCUS is an invaluable tool 

that allows clinicians to narrow down a long list of 

potential diagnoses (and, importantly, to distinguish 

between cardiac and respiratory etiologies), facilitating 

early management before frank clinical decompensation 

[1,5,6]. POCUS consists of a guideline-recommended 

diagnostic modality which allows the treating physician to 

not only serially assess an unstable patient, but also to 

guide the response to administered therapies. 

Specifically, transthoracic echocardiography-guided 

management of hemodynamic instability adheres to the 

highest level of evidence according to the American and 

European societies governing the management of heart 

failure [5,7]. 

Parturients are well-suited to POCUS examination. The 

lateral and anterior displacement of the heart by the 

gravid uterus, and the known benefits of aortocaval 

compression relief in the left lateral position may facilitate 

image acquisition (except for subcostal views). Indeed, 

Jain and colleagues found that 93% of term parturients 

examined with echocardiography had image quality rated 

as “good” or “perfect” in both the parasternal and apical 

views. In addition, body mass index (BMI) did not 

significantly change the quality of images obtained [8].  

Dennis and colleagues published the rapid obstetric 

screening echocardiography (ROSE) protocol to guide 

anesthesiologists in assessing cardiac function as the 

etiology of dyspnea or hemodynamic instability, and it 

serves as a pragmatic tool guiding cardiac assessment of 

parturients [1]. The ROSE protocol can be supplemented 

with rapid bedside lung US in emergency (BLUE) protocol 

[9] to enhance assessment of peripartum dyspnea. The 

BLUE protocol provides valuable information about 

pulmonary pathology [9] and is, therefore, of importance 

during pregnancy in which dyspnea is a common 

complaint and avoidance of ionizing radiation is desirable. 

Specifically, the analysis of three major lung ultrasound 

“signatures” (A-lines, B-lines and lung-sliding) offers 

superior sensitivity (97%) and specificity (95%) in the 

diagnosis of pulmonary edema [9,10]. Our patient 

presented a B-line profile that corroborated the diagnosis 

of cardiogenic dyspnea [11,12] thereby directing our 

decision-making to include non-invasive positive pressure 

ventilation, inotropy and diuresis as part of the treatment. 

While several anesthesia residency programs require 

POCUS training, sufficient infrastructure is not yet 

ubiquitous to support the role of this technology in our 

field.  Beyond maintaining competency with bedside 

practice and workshop attendance [13], it is important to 

have secure digital archives of scans from actual cases to 

review amongst the clinician group in a systematic 

fashion for educational purposes [14]. Finally, it is 

important to recruit parturients into research studies [15] 

using emerging modalities such as POCUS to develop 

this body of literature, thereby allowing this group of 

patients to benefit from ongoing technical advances and 

knowledge.  

Anesthesiologists play a central role in the management 

of critically ill obstetric patients, and clinicians skilled in 

POCUS are able to quickly and accurately diagnose life-

threatening pathology and adjust management 

accordingly. Indeed, the current case serves as a 

practical example of how POCUS can influence the 

decision-making and directly (and positively) affect clinical 

management in a critically ill parturient.  
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Introduction 

Clinicians in oncology, emergency medicine, hospital 

medicine, and primary care frequently encounter patients 

with cancer who develop fluid accumulation in the pleural, 

pericardial, abdominal, and pelvic spaces. Both solid 

tumor metastases and hematologic malignancies have 

the potential to cause third spacing of intravascular fluids 

via seeding to and disruption of serosal membranes and 

normal endothelium [1,2]. We propose a Focused 

Assessment with Sonography in Cancer (FASC) 

examination using point-of-care ultrasound (POCUS) to 

enable all clinicians to routinely and rapidly assess 

patients for pleural effusion, pericardial effusion, and 

ascites. Similar to other POCUS protocols like the 

Focused Assessment with Sonography in Trauma (FAST) 

examination, the FASC examination uses six views to 

detect fluid (Figure 1) [3,4]. 

Third-space fluid accumulation leads to a range of 

symptoms for patients with cancer that can significantly 

reduce quality of life [3-5].  Life-threatening complications, 

such as cardiac tamponade from a rapidly accumulating 

pericardial effusion, are important to detect expediently.  

Monitoring for recurrence of fluid accumulation in the 

pleural, pericardial, abdominal, and pelvic spaces is 

important in longitudinal outpatient care.  Palliative 

procedures, such as intermittent drainage and indwelling 

catheters can decrease symptom burden from malignant 

exudates. The potential benefit for FASC examination is 

to diagnose and track fluid accumulation easily at the 

bedside or in the office, using POCUS as an adjunct to 

physical examination.  

POCUS is a portable, low-cost, and increasingly popular 

imaging modality in widespread use by many clinicians, 

Abstract 

Malignant effusions occur frequently in patients with cancer and are important to diagnose and treat. In this report, we describe a 

novel point-of-care ultrasound (POCUS) protocol to rapidly identify pleural effusion, pericardial effusion, and ascites: The Focused 

Assessment with Sonography in Cancer (FASC). This protocol utilizes six standard sonographic positions to identify the presence of 

fluid in common anatomic spaces. The FASC examination is intended for widespread use by oncologists and other clinicians who 

treat patients with cancer.   

Figure 1. Protocol for Focused Assessment with 

Sonography in Cancer (FASC) Examination. 

Progression of scanning follows numbering from 1 to 6.  
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but not yet by oncologists and hematologists [6]. The use 

of POCUS in identifying fluid accumulation in potential 

spaces has been very well-established [7]. This modality 

is well tolerated by patients and has excellent sensitivity 

and specificity compared to computerized tomography 

imaging (Table 1) [8-10].  

FASC Examination 

Setup and Patient Positioning 

The goal of the FASC examination should be explained to 

the patient and family. Reassurance should be offered 

that the FASC examination is not painful and does not 

use ionizing radiation.  For the FASC examination, the 

patient should be placed in the supine or semi-recumbent 

position. The patient should place both hands comfortably 

behind the head; this can improve visualization through 

the intercostal spaces [11]. Flexion of the hips and knees 

will relax abdominal muscles for optimal windows [11].   

Depending on availability, either a phased array probe 

(typically 2 Mhz – 7.4 Mhz) or curvilinear transducer 

probe (2 - 5 Mhz) can be used for the entire FASC 

examination.  Users should be familiar with basic 

adjustments on their machine, such as gain and depth.  In 

conventional probe orientation for POCUS, the probe 

indicator is placed towards the patient’s right or towards 

the head, except for the subxiphoid cardiac view, which 

uses cardiology orientation (indicator to patient’s left).    

Position 1 and 4. Detecting Pleural Effusions and Ascites 

in the Upper Abdominal Quadrants 

The ultrasound probe should initially be placed in the mid-

axillary line at the level of the xiphoid process with the 

indicator towards the patient’s head. The diaphragm 

should be visualized along with the liver in position 1 and 

the spleen in position 4 (Figure 1).  In addition, the 

kidneys and thoracic spine should be identified in the 

abdomen. This usually requires sliding up and down 

between ribs spaces, sweeping the probe posteriorly, and 

tilting in the anterior-posterior plane. The thoracic spine 

can be identified because ultrasound waves reflect of 

bone, creating the hyperechoic appearance of the 

vertebral bodies with anechoic shadows deep to them. 

With the probe in the mid-axillary line, the vertebral 

column can be identified at the bottom of the screen. 

Normal aerated lung does not provide an acoustic 

window to visualize any deeper structures, thus the spine 

is only seen when there is pathology at the lung base, 

such as a pleural effusion. Visualization of the thoracic 

spine above the diaphragm is referred to as the “spine 

sign,” which confirms that pathology (such as pleural 

effusion) is not an artifact. The absence of a pleural 

effusion is often noted by a positive “lung curtain sign,” in 

which pleural sliding and A-lines are seen at the lung 

base during inspiration [12].  When present, a pleural 

effusion is anechoic (black) and if large enough will lead 

to atelectasis of the nearby lung (Figure 2, 

Supplementary Video 1, 2).  Loculations can be present 

in highly exudative pleural fluid. It is important to identify 

the thoracic spine posterior to pleural effusions (positive 

“spine sign”) to rule out artifact [13].  Rib artifacts and 

reflection across the diaphragm can lead to hypoechoic 

and anechoic findings above the diaphragm, but these 

will not have a positive spine sign.   

In the supine position, ascites collects in the dependent 

locations, such as the sub-diaphragmatic space (Figure 

2).  Sliding the probe inferiorly from the diaphragm level 

when in position 1 and 4 allows for identification of the 

hepatorenal recess (Morrison’s pouch) and splenorenal 

recess, respectively. This fluid will be detected by its 

anechoic (black) appearance on ultrasound and requires 

correct identification of nearby structures.  A fluid filled 

stomach, loops of bowel, or renal cysts can mimic 

ascites.  

Position 2 and 5. Detecting Ascites in the lower 

abdominal quadrants 

The probe is placed on the right lower or left lower 

abdominal quadrants and should be tilted anterior to 

posterior and rocked cranial to caudad to visualize 

positions 2 and 5 (Supplementary Video 3, 4).  In 

abdominal carcinomatosis, ascites might be loculated 

with hyper-echoic (white) strands in the anechoic (black) 

fluid.   

Position 3. Subxiphoid Cardiac Window to Detect 

Pericardial Effusion 

Pericardial effusions are common in patients with cancer 

and can lead to cardiac tamponade, particularly if the fluid 

accumulates rapidly [14]. The subxiphoid cardiac view is 

ideal for assessing the presence or absence of pericardial 

Table 1. Test characteristics of Point-of-Care Ultrasound 
(POCUS) in finding fluid.   The diagnosis of pleural 
effusion and ascites were compared to computerized 
tomography imaging. Sensitivity and specificity for 
pericardial effusion were determined by comparing 
image interpretation by non-cardiologists to 
echocardiography boarded cardiologists (9, 10).  

  Point-of-Care Ultrasound 

  
  Sensitivity Specificity 

Pleural 
Effusion 

Visualization of 
effusion 

93% 96% 

Ascites 
Visualization of 
fluid 

96% 82% 

Pericardial 
Effusion 

Visualization of 
fluid 

96% 98% 
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effusion (Figure 2, Supplementary Video 5). The probe 

should be placed inferior to the xiphoid process with the 

indicator pointed to the patient’s left (cardiology 

orientation).  Care should be taken not to apply excessive 

pressure.  The ultrasound probe is rocked to the patient’s 

left, using the liver as an acoustic window to view the 

heart and pericardial space.  When present, a pericardial 

effusion is anechoic (black), but can have echogenic 

loculations or fibrin strands [11].  Some pericardial 

effusions are mobile and collect in dependent areas 

based on positioning [11].  Assessing for cardiac 

tamponade physiology is a more advanced POCUS skill: 

new, symptomatic, or large pericardial effusions in 

patients with cancer found on FASC examination should 

prompt referral for further evaluation.   

Position 6. Pelvic view to detect ascites 

The pelvis is another dependent area where ascites can 

be visualized. The probe is placed superior to the pubic 

symphysis and pointed inferiorly and posteriorly with the 

indicator to patient’s right (Supplementary Video 6). The 

probe can be tilted anteriorly to posteriorly and rocked left 

to right to improve visualization. It is important to identify 

the bladder so that urine is not mistaken for ascites. 

Ascites, when present, can be visualized anterior to, 

posterior to, or lateral to the bladder.       

Conclusions 

Pleural effusions, pericardial effusions, and ascites are 

commonly diagnosed in patients with cancer. POCUS is a 

useful adjunct to the physical examination in detecting, 

monitoring, and draining these effusions. While POCUS is 

not currently in widespread use by oncologists, trainees 

are increasingly learning POCUS in medical school and 

internal medicine residency [15-21].  The FASC protocol 

contains views that are easily obtained and have been 

validated for use by clinicians in many other specialties. 

We anticipate that oncologists will find learning and 

independently performing the FASC protocol very 

rewarding. The FASC examination might allow 

Figure 2: Sample FASC 

Examination images. 

FASC position 1: right 

pleural effusion. FASC 

position 2: right lower 

abdominal ascites. FASC 

position 3: a pericardial 

effusion. FASC position 4: 

a left pleural effusion. 

FASC position 5: lower 

abdominal quadrant 

ascites. FASC position 6: 

pelvic ascites around the 

bladder. White arrows 

indicate anechoic fluid 

collections. 
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oncologists to monitor their patients in clinic and in the 

hospital for fluid accumulation.  For oncologists who are 

not trained in POCUS, there are many opportunities to 

learn POCUS in the continuing medical education setting.  

Emergency medical providers, hospitalists, and primary 

care providers currently using POCUS can easily 

incorporate the FASC examination into their practice [22-

24].  Further work is necessary to determine the right 

amount of training to competently perform the FASC 

examination. 
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Background 

Point of care ultrasound (POCUS) refers to the use of 

ultrasound by the treating provider at the bedside to 

answer focused clinical questions. The use of POCUS 

has become increasingly popular within the field of 

Internal Medicine (IM) worldwide [1–5]. In settings where 

material and human resource constraints limit the 

availability of many diagnostic modalities, POCUS is a 

particularly valuable tool [4,6–8]. The increased utilization 

of POCUS demands a proportional commitment to 

creating structured curricula. Effective implementation of 

POCUS usage involves image acquisition, interpretation, 

clinical integration, and ongoing quality assurance (QA)  

[4,9–12]. Many providers can obtain a foundation in 

image acquisition and interpretation through hands-on 

training, books, online videos, and e-learning. However, 

POCUS requires supervised learning and ongoing 

maintenance for competency, as many pitfalls and 

nuances exist to effectively use POCUS in the clinical 

setting [4,13].  Barriers to longitudinal education include 

time, access to expertise, and resource constraints [4,14–

16]. Many educational leaders advocate prioritizing 

longitudinal and sustainable models for training [4,17,18].  

One potential means for ongoing POCUS education is a 

sustainable QA program. QA involves a peer-reviewed 

process where a POCUS expert evaluates a trainee’s 

ultrasound image acquisition and interpretation and 

provides feedback. This process is necessary for the 

development of competency [7,9,10,17,19–21]. Portfolio 

development is an important component, as learners who 

develop an image portfolio demonstrate improved 

POCUS skills compared to those who do not [9]. 

Many challenges exist in implementing and maintaining a 

QA system, including institutional financial commitments 

to QA technology, protecting patients’ health information, 

and availability of experienced faculty. Additional 

challenges that may be more common in low-and-middle 

income countries (LMICs) include limited internet 

connectivity and infrastructure for data security [7,22,23]. 

Proprietary software is often used to facilitate image 

storage, de-identification, transmission, and review, but 

this adds expense and training [14,24] and may have 

limited capability when working remotely. Currently there 

is no standardized structure for a QA system within 

Internal Medicine. Previously described ongoing remote 

QA systems involved intermittent (every 2 months) review 

sessions that required a trained provider to travel to the 

destination [7] or had images sent via individual email 

[22].  

For this project we sought to establish a low-cost QA 

system for a US-based Internal Medicine residency/

Global Health track to connect residents rotating 

Research 
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increase was seen in average image quality (p = 0.030) and percent agreement with reviewer (p = 0.021). No significant increase 

was seen for percent images with quality rating 5/5 (p = 0.068) or for studies per resident per week (p = 0.30). Discussion/

Conclusions:  A quality assurance system for remote review and feedback of POCUS exams was successfully developed 

with limited available funding, using consumer-level software and an educational collaboration. Residents used the system regularly 

and demonstrated improvement in reviewer-rated image acquisition and interpretation skills. A similar system can be applied for 

physicians in any geographic area looking to learn POCUS, in partnership with local or international POCUS mentors. We detail a 

step-by-step approach, challenges encountered, and lessons learned, to help guide others seeking to implement similar programs.  
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internationally with a dedicated US-based POCUS QA 

faculty. This would serve to provide near real-time 

educational feedback, ensure safe and effective 

performance of POCUS studies, and provide a means for 

image portfolio development. Due to resource 

constraints, this needed to be done with minimal funding 

and faculty time. In this paper we describe a detailed step

-by-step approach to implementing this low-cost, low-

barrier remote QA system in a sustainable fashion, using 

consumer-level technology. We analyze the educational 

effectiveness of the system, and we share the lessons 

learned to help guide others implementing similar 

initiatives.  

Methods 

Residents in the Internal Medicine/Global Health track at 

the University of Pittsburgh Medical Center (Presbyterian/

Shadyside) rotate at international sites as part of 

residency training. During these clinical rotations, POCUS 

is routinely used to aid in diagnosis. Prior training in 

POCUS included a 20-hour introductory didactic and 

hands-on training in image acquisition and interpretation, 

in topics including cardiac, lung, abdominal, and lower 

extremity DVT assessment. There was no formal system 

for image QA, and since this is such a critical component 

of a POCUS curriculum and implementation, this was 

identified as a key area for improvement. This project was 

initiated, developed, and implemented by a group of 

residents with involvement of faculty and program 

leadership in response to this educational need. It 

consisted of four phases: planning and preparation, 

developing the information/communication system, early 

implementation and promoting use, and evaluation/

monitoring. The timeline, key components, and 

stakeholders for each phase are shown in Table 1. This 

methods section is subsequently organized by phase, 

and by each component within the phase.  

Phase 1: Planning and Preparation 

Establishing goals and a shared mission 

The goals of the project were determined by shared 

discussion among the resident and faculty leaders of the 

group, and included the following: 

1) Provide educational quality assurance for POCUS

during resident international rotations

2) Evaluate the utility and accuracy of resident-

performed POCUS in this setting

Phase and Timeline Key Components Stakeholders 

Planning and 
Preparation 

Starting 1 year prior to 
implementation 

Establishing goals and a shared mission  

Forming a coalition  

Obtaining permission of partner sites  

Ensuring access to ultrasound equipment  

Trialing different potential systems and workflows

Enlisting QA faculty
 

Project leadership team  

Residency program leadership 

International partner site 
leadership  

QA faculty 

Developing the 
Information/ 

Communication 
System 

6 months to immediately 
prior to implementation 

Determining plan for management of Protected Health 
Information  

Developing an image storage system 

Developing a Log and QA sheet 

Establishing workflows for image uploading 

Establishing workflows for image reviewing 

Developing a means for rapid communication within 
the group (WhatsApp group) 

Project leadership team 

Early Implementation 
and Promoting use 

First few weeks of 

Starting small, trialing the system, and scaling-up 

Orienting residents to the system 

Motivating residents to log images 

Motivating QA faculty to review images 

Project leadership team 

All residents 

QA faculty 

Evaluation/Monitoring 

Ongoing 

Ongoing monitoring and system modification based 
on feedback 

Determining educational outcomes to assess 

Project leadership team 

Table 1. Phases of Development and Maintenance of the Quality Assurance System 
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3) Provide a means for quick clinical advice in

challenging scenarios

4) Provide a means for POCUS portfolio development

Forming a coalition 

The GH POCUS project was resident-initiated and 

implemented. A GH POCUS leadership team was formed 

including several Internal Medicine/Global Health 

residents and faculty, as well as fellows or faculty in other 

departments, including Emergency Medicine, Cardiology, 

and Critical Care Medicine.  

Obtaining permission of partner sites 

Permission was obtained from department leadership at 

each partner site: Georgetown Public Hospital 

Corporation (Guyana) and Kamuzu Central Hospital 

(Malawi). The purpose of the project was explained, 

including the plan to exclude patient names and other 

identifiers from stored and transmitted scans. Feedback 

was solicited from these leaders to ensure functionality of 

the system in each location. 

Trialing different potential systems and workflows 

During the initial planning period a year prior to 

implementation, the leadership team trialed logging 

images using the available ultrasound equipment. This 

period was essential to identifying several key lessons 

learned, including needing to obtain a different ultrasound 

machine for the Malawi site, determining which 

information would be useful to include in the log, and 

successful image storing in Google Drive (Mountain View, 

CA, USA).  

Ensuring access to ultrasound equipment 

The ultrasound machines used included a Phillips Lumify 

(Amsterdam, Netherlands),  a GE Venue, and a GE V-

scan (Boston, USA). 

Enlisting Quality Assurance (QA) faculty 

A question arose regarding who is eligible to review 

scans and provide feedback. In the absence of clear 

guidelines on credentialing for POCUS image QA within 

Internal Medicine, this was up to the judgment of the 

leadership team and the QA faculty. The QA faculty were 

attending physicians or fellows with substantial POCUS 

experience, including formal didactic training, regular use 

of POCUS for decision-making in clinical practice, and 

leadership in POCUS education and implementation in 

their institution. These criteria have been previously 

reported in the literature [25]. 

Members of the GH POCUS leadership team contacted 

prospective QA faculty, discussed the purpose of the 

project, the need for image QA, and what this would 

involve. QA faculty were told they would be contacted 

weekly with reminder emails and that they could review/

QA as many studies as they felt able. This was entirely 

voluntary, with no financial incentives or protected time 

provided for image QA.  

The primary QA faculty consisted of three Internal 

Medicine attendings and one Emergency Medicine 

Ultrasound Fellow. Several additional faculty and fellows 

from cardiology and critical care were available for 

challenging cases, or to provide additional help as 

requested.  

Phase 2: Developing the Information/Communication 

System 

Determining plan for management of protected health 

information 

It was of the utmost importance to ensure that patient 

privacy and confidentiality was not compromised in any 

way. As such, a unique image identifier number was 

assigned to each scan, and no identifying information 

was associated with the images at any point [26,27]. 

Table 2. Data Entries in Log and QA sheet 

User Data Entries 

Image Uploader 
(resident) 

 Unique Study ID

 Type of Study

 Country

 One-liner (very brief clinical sce-
nario - ex: middle aged male with
fever and left leg swelling)

 Primary Clinical Question

 POCUS findings

 Did POCUS answer your clinical
question? (Yes, No)

 Did POCUS change diagnosis?
(Yes, No)

 Did POCUS change manage-
ment? (Yes, No)

 Category (For Urgent QA, For
non-urgent QA, No additional QA
needed, poor quality images (do
not QA), Educational Scan)

Image Reviewer 
(QA faculty) 

 Based on the choice for
“category”, a checkbox would
automatically become checked in
a column “Requesting Review”.

 Reviewer Name

 Reviewer Interpretation

 Quality of Images (from 1 to 5,
with anchors)

 Agree with Interpretation (Yes,
Yes with modifications, or No)

 Feedback for Examiner
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There was no coding done that would enable a third party 

to re-identify the data.  

Developing an image storage system (Google Drive) 

The system had to be designed to accomplish the 

primary goals of the project in a way that had a minimal 

“added-work barrier” and was felt to be beneficial to all 

participants. The QA system was designed with three 

components: GH POCUS folder (in Google drive), Log 

and QA sheet (in Google drive), and a shared messaging 

group via WhatsApp (Menlo Park, CA, United States).  

Developing a Log and QA sheet 

It was necessary to keep all the studies recorded in a 

single location. A single Log and QA sheet was 

developed as a Google sheet. This sheet served as a 

starting point for residents to record their case information 

and image interpretations, and as a starting point for QA 

faculty to perform image QA. See Table 2 for the list of 

data entered by the resident and by the QA faculty for 

each POCUS study in the Log and QA sheet.  

Establishing workflows for image uploading 

A document was developed to describe the workflow for 

image uploading and was shared with the residents. This 

was helpful in clarifying the process and minimizing extra 

steps and would be useful when sharing the process with 

others. This document is included in the Supplementary 

Materials.  

Establishing workflows for image reviewing 

A document was developed to describe the workflow for 

image reviewing, and was shared with QA faculty. This is 

included in the Supplementary Materials.  

Developing a means for rapid communication within the 

group (we used a WhatsApp group) 

Though the primary purpose was educational QA, in 

practice, challenging cases arise in which residents and 

their patients could benefit from a more prompt expert 

review. We developed a WhatsApp group, including all 

resident and faculty members of the GH POCUS group, 

to help serve this purpose. This WhatsApp group was a 

Figure 1. Process 

Map for the Quality 

Assurance System. 
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shared message thread connecting all members of the 

GH POCUS group for quick communication, which was 

particularly useful for challenging cases and for learning 

points worth sharing. No patient identifying information 

was ever shared via this medium.  

With regard to resident supervision at the local site, 

Global Health residents are licensed in the country in 

which they rotate, and practice under direct supervision of 

physicians at that site. When QA faculty in the US are 

providing feedback on image interpretation and patient 

management, they are not considered to be supervising 

the resident or providing patient care. Rather, they are 

providing a remote physician-to-physician consultation, 

for advice only. Ultimately the decisions made are at the 

discretion of the physicians licensed in-country to provide 

patient care. In this way, remote QA faculty have no 

licensing requirement or liability related to this role. If 

POCUS interpretations are in doubt by the local 

physicians, they have the option to disregard and/or to 

obtain confirmatory imaging.  

A process map for image for the information and 

communication system is shown in Figure 1.  

Phase 3: Early Implementation and Promoting Use 

Starting small, trialing the system, and scaling-up 

The system was tested in progressively increasing 

capacity, starting with the leadership team with POCUS 

studies on 2-3 patients locally and progressively 

increasing to involve all residents using this system for all 

POCUS studies performed.  

Orienting residents to the system 

The process of teaching the system involved several 

components. Prior to going abroad, all GH residents were 

invited to a dinner gathering where the process was 

introduced, along with a discussion of why this is 

important and a description of the steps. Once already 

abroad, the method was practiced by all residents in 

conjunction with the members of the leadership team who 

had worked to develop the system. There was a workflow 

document for reference, and the GH POCUS leadership 

team was available to answer questions and 

troubleshoot.  

Motivating residents to log images 

The focus was not on making residents log images, but 

rather, in designing the system to naturally motivate 

image logging. A key framework for diffusion of change 

included the ideas of relative advantage, compatibility, 

complexity, trialability, and observability [28]. It was 

important to inspire the idea that this is how to actually 

learn ultrasound, which will benefit residents’ patients and 

careers. Also critical was to minimize the “added-work 

barrier” by minimizing additional steps, making the 

system simple and intuitive, and integrating with existing 

workflows. Residents working together to complete the 

process and share cases with one another provided a 

sense of community, observability, and accountability. 

There also had to be immediate observable benefit to 

users. This could be fostered by having immediate 

feedback available through the WhatsApp group and by 

ensuring that the QA feedback provided was 

educationally beneficial. Examples of QA feedback are 

included in the Supplementary Materials. 

Motivating QA faculty to review images 

All QA faculty time was entirely voluntary, so QA faculty 

did the image review in their free time on top of their 

clinical duties. Similar as for residents, the focus was not 

Table 3. Image Quality and Agreement with Reviewer - 
The scale used for grading image quality and agreement 
with reviewer is shown. studies were considered highest 
quality only if they received a rating of 5. There was con-
sidered to be agreement only for “Yes” responses. 

Quality of Images Do you agree 
with 
interpretation? 

1 - difficult to see anything much 
2 - not great, but able to see 

some structures 
3 - the image is ok - with 

substantial room for 
improvement 

4 - the image is good but there is 
some room for improvement 

5 - this is a great image 

No 
Yes with 
modifications 
Yes 

Figure 2. POCUS studies Logged and Quality-Assured 



51 | POCUS J | NOV 2020 vol. 05 iss. 02 

on persuading faculty to QA many images. Rather, the 

focus was on creating an environment to foster regular 

QA by individuals with pre-existing intrinsic motivation 

and willingness to participate. There were many reasons 

for intrinsic motivation for QA faculty to be involved in this 

voluntary process including a desire to promote resident 

education, to promote a POCUS program and/or a GH 

program, and to gain personal POCUS and Global Health 

experience. The motivations can be grouped by the 

Volunteer Functions Inventory (VFI) [29]. 

Weekly reminder emails were sent to all QA faculty to 

prompt review, with direct links to image folders and the 

Log and QA Sheet along with a quick reminder of the 

workflow. Reviewers could do the image QA whenever 

was convenient for them, in whatever amount was 

feasible for them.  

Phase 4: Monitoring and Evaluation 

Ongoing monitoring, and system modification based on 

feedback 

The development of this process required many 

iterations, and it was difficult to predict what would 

succeed and what would fail, so monitoring was 

important. In the early phases, this was largely practical/

logistical troubleshooting, as described above in Early 

Implementation and Promoting Use. Key components to 

monitor after that included: ensuring 100% de-

identification, ensuring consistency of image uploading 

and reviewing, reviewing QA feedback for themes, and 

seeking ongoing feedback on the process from residents 

and reviewers. As an example, through ongoing feedback 

from reviewers, it was recognized that labeling images 

with probe location/anatomic site would be helpful. Once 

that was identified, image labeling was encouraged.  

Determining educational outcomes to assess 

We had two hypotheses to study: First, that this process 

is feasible, and second, that resident POCUS skills 

improve because of this process. 

The specific outcomes to be measured were: number of 

studies logged each week per resident, percent 

agreement between residents and reviewers, average 

reviewer-rated image quality, and percent of POCUS 

studies given a 5/5 image quality rating (see Table 3 for 

the scales used). Each of these outcomes was 

determined on average over the course of the project. 

Additionally, each of the outcomes was determined for 

each week and regression analysis was performed. Bar 

graphs with trendlines were developed with week of 

implementation as the independent variable and the 

outcome as the dependent variable (y-axis). A trendline 

was created, and p-values for the trend were determined 

using regression analysis using the Microsoft Excel Data 

Analysis tool. The hypothesis was that each of the 

outcomes should increase over the course of the 

implementation. 

The implementation period was February 4, 2019 through 

March 23, 2019 (7 weeks). The first day of 

implementation was defined as the date the system was 

introduced to all the residents for use. The last day was 

defined as the date when the last resident returned from 

their international rotation. 

Approval was obtained from the University of Pittsburgh 

Medical Center Institutional Review Board with 

educational exemption, IRB #PRO18040339. POCUS 

studies were being frequently performed already as part 

of routine medical care, and this system was designed to 

make the process safer, more effective, and more 

educational. All data was compiled as part of this 

process. No additional surveys or quizzes were applied. 

Since we studied data collected through this process of 

performing POCUS exams and QA, we were studying 

existing data so there was no recruitment of participants 

and obtaining informed consent was exempted. This was 

not considered human subjects research, as the research 

was studying an educational innovation, rather than 

studying individual patients or residents. Approval was 

also obtained from leadership at international partner 

sites. 

Results 

A total of 270 POCUS studies were logged over the 7 

week period (see Figure 2). 248 studies had QA 

requested. The 22 studies that did not have QA 

requested were either because alternative QA was 

available or because the resident felt the images were too 

poor quality to warrant QA. 242 studies had QA 

completed (98% of all studies for which QA was 

requested).  

Table 4. Educational Outcomes by Week 

Week 

Studies per 
resident per 
week 

Percent 
Agreement 
with 
Reviewer 

Average 
quality 

Percent 
With 
Highest 
Quality 

1 6.1 69.8% 4.40 55.8% 

2 4.9 70.6% 4.44 50.0% 

3 6.0 83.3% 4.45 50.0% 

4 7.5 76.7% 4.67 66.7% 

5 8.3 75.8% 4.67 72.7% 

6 9.5 84.2% 4.71 76.3% 

7 5.5 90.9% 4.59 63.6% 

Average 6.5 78.1% 4.55 61.6% 

P value 
for 
trend 0.30 0.021 0.03 0.068 
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Residents completed an average of 41 POCUS studies 

each over the implementation period, at an average of 

6.5 studies per week. 61.6% of interpretations were rated 

as the highest quality, 5/5. The average image acquisition 

quality rating for all POCUS studies was 4.55/5. Percent 

of interpretations that agreed with reviewer without 

modifications was 78.1%. Educational outcomes are 

shown in Table 4 and Figure 3.  

Average image quality increased significantly over the 

course of the implementation (p = 0.030). Percent 

agreement with reviewer increased significantly over the 

course of the implementation (p = 0.021). Percent images 

with quality rating 5/5 increased, but not statistically 

significantly (p = 0.068). studies per resident per week 

showed a non-significant increase (p = 0.30). Notably, 

week 7 was not a full week. If week 7 is excluded from 

the analysis, there was a statistically significant increase 

in image logging over the course of the implementation (p 

= 0.013).  

Discussion 

We describe a successful, low-cost, low-barrier, remote 

QA system between residents working internationally and 

dedicated multidisciplinary faculty support in the US. 

Using this system, residents demonstrated an objective, 

observed improvement in image acquisition and 

interpretation skills over a seven-week period. This is 

potentially applicable to other programs working to 

improve ongoing POCUS education in Internal Medicine 

as well as other specialties with residents locally or for 

those traveling to remote locations [9]. This could also be 

applied more widely to any physicians working in 

locations where other providers with POCUS expertise 

are not available, to provide support for POCUS quality-

Figure 3. Educational Outcomes by Week 
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assurance and feedback through a peer-to-peer image 

review network. 

Several aspects of the project were key to its success. 

First was the formation of a coalition that included 

residents, faculty, and program leadership. Second was 

developing a system that naturally motivated its own use 

through integrating with workflows, minimizing extra 

steps, and providing quick feedback that created a sense 

of utility for users. Third was frequent troubleshooting and 

constant adaptation of the system to the practical setting.  

Some areas for improvement and next steps going 

forward include: measurement of turn-around-time for 

image review, feedback to image reviewers on the quality 

of the QA, having a dedicated ultrasound machine for this 

system at each site, and ongoing reevaluation of the 

system. In addition to being used for trainees traveling 

elsewhere, this system has the potential to be utilized as 

part of an initiative to teach POCUS for local trainees at 

international sites (and for any group of physicians 

seeking to learn POCUS in any geographic location) 

through a system of quality assurance by POCUS 

educators/mentors from either local and/or partnered 

institutions. 

Conclusions 

A system for remote quality assurance of point of care 

ultrasound exams was successfully implemented to 

ensure effective use and to promote longitudinal training 

in POCUS, with limited funding using consumer-level 

technology. Residents demonstrated an increase in 

reviewer-reported image acquisition and interpretation 

skills through this process. This system has the potential 

to be applied for longitudinal POCUS training for trainees 

or groups of physicians in any geographic area, with local 

or international POCUS mentorship. 
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Introduction  

The ability of point-of-care ultrasound (POCUS) to 

provide rapid and accurate bedside assessment of both 

the heart and lungs allows it to be a powerful tool in the 

management of patients presenting with dyspnea. 

However, while ultrasound equipment is readily available 

even in remote healthcare settings in Canada, physicians 

lack effective training opportunities to develop expertise 

in this potentially life-saving skill. To answer this critical 

call to action, we have developed the Accelerated 

Remote Consultation Tele-POCUS in Cardiopulmonary 

Assessment (ARCTICA) program to innovate POCUS 

training for today’s physician leaders. This article outlines 

the background, research methods, and progress-to-date 

of ARCTICA. 

In the context of the COVID-19 pandemic, POCUS has a 

beneficial role in risk stratification. Although lung injury is 

common in COVID-19 infection, myocardial injury is 

present in >25% of patients with critical disease [1]. 

Given the cardiopulmonary nature of this infection, 

application of POCUS enhances the outcomes of patients 

in COVID-19 [2]. Specifically, rapid and serial bedside 

detection of pulmonary and cardiac abnormalities allows 

tailoring therapy for COVID-19 patients. It has been well 

demonstrated that COVID-19 patients with myocardial 

injury have worse prognoses than those without [3,4], and 

there is mounting evidence that structural changes 

identified with cardiac ultrasound have adverse 

prognostic implications [5]. POCUS is recommended as 

the first-line imaging tool in the assessment of COVID-19. 

The application of POCUS has now been shown to 

enhance outcomes in COVID-19 infection [6].  

To develop POCUS expertise, physicians must engage in 

deliberate practice [7,8]. A vital component of this 

learning process is the acquisition of recurrent 

individualized feedback. However, most currently 

available POCUS training programs for practicing 

physicians are limited to one-time or single-day 

workshops [9], which poses significant barriers to 

continued skill development. This problem highlights the 

need for longitudinal training opportunities that integrate 

high-quality feedback into a physician’s everyday 

practice. This need is even more pressing for healthcare 

providers in rural or underserved communities where 

POCUS expertise is scarce but would be of high yield 

due to imaging access challenges. 

The use of real-time, remotely supervised ultrasound 

(Tele-POCUS) to guide physicians with basic ultrasound 

competence is a useful clinical tool in settings where on-

site supervision is unavailable [10,11]. Tele-POCUS 

implementation may be particularly useful for Indigenous 

and remote Northern Canada care centres, where access 

Study Protocol 

Figure 1. ARCTICA Hub-and-Spoke model of training 

and remote POCUS consultation. 
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to professional cardiopulmonary services is limited. 

Although telehealth services show early promise to 

enhance access to care in remote Northern Canadian 

and rural communities [12,13], there remains a significant 

gap in access to diagnostic services, especially 

ultrasonography [14]. To these ends, we have proposed 

developing an entirely virtual POCUS training program for 

physicians that utilizes e-learning modules and remotely 

supervised Tele-POCUS to provide real-time feedback. 

Objective 

The objective of ARCTICA is to evaluate the 

implementation of a Tele-POCUS training and workflow 

program provided to local non-expert users and 

geographically remote facilities for POCUS 

cardiopulmonary assessment of patients with 

cardiopulmonary complications. The program was initially 

designed to remotely train physicians in COVID-19 wards 

and offer them live expert support to conduct POCUS 

exams at the beside, thus reducing the need for patient 

transportation and decreasing the risk of exposure to 

additional personnel. However, the broader clinical 

application of ARCTICA as a support system for remote 

healthcare centres is apparent. The program has since 

been expanded to encompass cardiopulmonary POCUS 

assessments in dyspneic patients, thus providing 

valuable skills that would apply to a variety of 

cardiopulmonary complaints. The program will first be 

optimized at 6 academic centres, where lung and cardiac 

ultrasound experts will provide Tele-POCUS to general 

internal medicine (GIM) physicians caring for patients 

presenting with dyspnea. Each academic centre will then 

serve as an expert hub and will be assigned to a 

geographically remote or rural satellite spoke from which 

POCUS images will be streamed to obtain expert real-

time consultation (Figure 1). 

Methods 

Three POCUS modules (ultrasound basics, cardiac 

ultrasound, and lung ultrasound) have been designed to 

deliver e-learning to GIM physicians (https://cinqlab.com/

research/research-studies/arctica/) [15]. Physician 

participants are asked to review the modules and practice 

image acquisition on a volunteer at home over one week. 

Participants then have an additional one-hour virtual 

workshop run by an experienced POCUS Educator, 

where learners receive real-time supervision and 

feedback. Such sessions make use of Reacts, a software 

application created by Innovative Imaging Technologies 

Inc. (IIT) that allows the image acquired to be directly 

streamed to the educator’s device, which then directs 

probe angles, pressures, and window acquisition. 

Following this first week of training, participants are 

assessed using a modified, objective structured 

assessment of ultrasound skills (OSAUS). The OSAUS is 

administered via a one-on-one virtual meeting by an 

Educator using Reacts. We developed the training 

standards for POCUS users defining the minimum 

number of scans and content required [16]. The POCUS 

Educator will provide ongoing quality control and virtual 

classroom teaching at all sites. 

The Tele-POCUS service will be available continuously. 

For two weeks following training, physicians will initiate 

calls in clinical encounters where there is an indication for 

POCUS cardiopulmonary assessment. When a call is 

made to this service, the assigned ultrasound expert will 

receive real-time images to his/her phone and provide 

remote bedside guidance for image acquisitions and 

interpretation. During initial local workflow optimization, 

Figure 2. ARCTICA Participant Timeline. Upon enrolment, physicians will be provided with e-learning modules and 

instructed to practice independently (Week 0). After one week of self-directed learning, participants will partake in a 

live workshop led by expert imagers (Week 1). Following training (Week 1), physicians will be assessed through a 

POCUS pre-test (Week 1). Physicians will then participate in a two-week Tele-POCUS block (Weeks 1-2) making 

10 calls to receive tele-mentored support from expert imagers. At the end of the study, physician POCUS skills will 

be tested again with a POCUS post-test (Week 3).   

https://cinqlab.com/research/research-studies/arctica/
https://cinqlab.com/research/research-studies/arctica/


57 | POCUS J | NOV 2020 vol. 05 iss. 02 

physicians are being surveyed after each Tele-POCUS 

encounter. The survey collects data on the ease of use, 

clinical integration, utility, and likelihood to continue use. 

Indications, outcomes, and feedback are also collected. 

Following the two-week Tele-POCUS block, physicians 

will be evaluated through a post-test OSAUS to assess 

clinical skill improvement. The ARTICA participant 

timeline is shown in Figure 2. 

Following local optimization, the Tele-POCUS workflow is 

implemented in remote care facilities. POCUS devices 

(Lumify, Philips Healthcare) will be provided to each of 

the 6 academic hubs and remote spokes (Table 1). 

Implementation of the live-streaming Reacts application 

by non-expert physicians at all 12 sites will be evaluated. 

Ten physicians from each academic site and 2 from each 

remote site will be evaluated for a total of 72 physicians. 

At each location, entirely virtual POCUS training will be 

provided to physicians caring for the patient presenting 

with dyspnea. Designated research assistants within 

each site will coordinate with the central POCUS 

Educator to set up virtual hands-on scanning sessions 

and modules. 

Outcomes 

The primary outcome will be the physician ’s average 

improvement in the image acquisition proficiency scale. 

Each Tele-POCUS assessment call evaluates the 

operator’s skill in acquiring multiple views; to account for 

the multiple items (all scored from 1 to 5), each 

evaluation is given an average score of all views. As 

physician participants may have a varying number of tele-

POCUS calls to experts (6-10), we will average the pre-

guidance to post-guidance change in the tele-POCUS 

evaluation scores to each physician’s level before 

analysis. A one-sample t-test will be used to assess the 

physicians’ average difference in scores, i.e. the change 

in score of the average of each view per tele-POCUS call, 

averaged over calls. The average change in score will be 

reported with 95% confidence intervals. The secondary 

outcome will be the within-physician change in the 5 

points skill test from before to after the tele-POCUS 

consultation period. The average improvement in the test 

score will be assessed using the Wilcoxon signed-rank 

test.  

Progress to Date (Pilot Data) 

Our team has received the Canadian Cardiovascular 

Society (CCS) COVID-19 Challenge for Canada Award, 

which has allowed us to assess feasibility at our primary 

hub site at Queen’s University. This permitted us to 

develop all learning modules, obtain Research Ethics 

Board (REB) clearance, purchase two Philips Lumify 

devices, and begin a pilot study recruiting GIM 

physicians. The learning modules have been specifically 

tailored to the knowledge base of GIM physicians and 

have been streamlined into three specific modules: 

Ultrasound Theory and Basics, Cardiac Point-of-Care 

ultrasound, and Pulmonary Point-of-Care ultrasound. The 

pertinent information related to the pathologies expected 

in patients presenting with dyspnea has been 

emphasized in each module, with additional details 

regarding COVID-19-specific safety measures given the 

current pandemic. The Kingston site has two Expert 

Physicians available to receive Tele-POCUS consultation 

calls, a POCUS Educator, a Research Coordinator to 

manage participant recruitment and data collection, and a 

team of researchers and medical trainees assisting with 

daily operations of the study. The Kingston site 

anticipates the enrollment and study completion of eight 

participants by the end of 2020, and is actively working 

with the Weeneebayko Area Health Authority spoke site 

to begin the remote training program. 

Conclusions 

ARCTICA will provide lasting infrastructure, build expert 

relationships, and provide a mechanism for ongoing 

quality control in the education of a standard POCUS 

curriculum for practicing physicians. The Hub and Spoke 

model brings state-of-the-art technology directly into a 

new user’s hands and to those in underserviced and 

Northern communities. We will be providing ultrasound 

probes and tablets for caregivers with an expected shelf 

life of 6-8 years; the portable nature of the devices allows 

for scaling up to a broader geographic area. It is critical to 

note that we are not providing technology in isolation 

resulting in the loss of benefit to the community when the 

project ends. We provide lasting skills to caregivers that 

remain in the community so that they will be prepared to 

use POCUS to guide clinical decisions and for future 

Table 1. Overview of academic expert hubs with the po-
tential corresponding rural spoke site. 

Expert Hub Potential Spoke Site 

Queen’s University Weeneebayko Area Health 
Authority (WAHA) 

University of Toronto Sioux Lookout Meno Ya Win 
Health Centre (SLMHC) 

Dalhousie University Yarmouth Health Centre 

University of Calgary Whitehorse Health Centre 

University of 
Manitoba 

Qikiqtani General Hospital, 
Iqaluit 

University of British 
Columbia 

Prince George Health Centre 
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pandemics after the project ends. They will be equipped 

to teach others within their healthcare communities, 

ensuring there is an inherent wellspring of knowledgeable 

users. By linking care providers in spoke communities 

with experts in hubs, we formalize professional links and 

build lasting rapport for these previously underserved 

regions. 
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