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Abstract: Point of care ultrasound (POCUS) allows for rapid, real-time evaluation of 
cardiovascular and respiratory pathology. The advent of portable, handheld devices and 
increased recognition by accrediting bodies of the importance of POCUS in guiding clinical 
decision making has expanded its use across the hospital setting and within medical training 
programs. POCUS allows clinicians to begin immediate investigation into their differential 
diagnoses without waiting for a formal imaging study, enhancing the speed of clinical 
interpretation. In addition to its diagnostic utility, POCUS can also inform clinicians of 
patients’ response to interventions when serial exams are obtained. This review examines the 
role of POCUS in the context of frequently encountered patients and highlights the key 
clinical questions that can be readily answered by POCUS. 
Keywords: hemodynamics, trauma, respiratory failure, hypotension

Introduction
Interest in point of care ultrasound (POCUS) has steadily grown over the past few 
decades.1 This technique offers rapid diagnostic assistance and serves as a tool for 
the performance of many bedside procedures. POCUS provides immediate avail
ability and real-time images that can guide medical decision making.2 Widespread 
implementation across the inpatient setting has become more common with the 
increased availability of handheld devices.3 These smaller devices not only make 
incorporation of POCUS into daily rounds possible, but they are also especially 
useful in situations where physical space is limited, such as during resuscitation 
efforts or during cardiac arrest scenarios.3 The POCUS skills applied to hospitalized 
patients are borderless and applicable to practitioners of many specialties. Noting 
the value of proficiency in POCUS, the American College of Emergency Physicians 
recommends the completion of 150–300 POCUS exams during Emergency 
Medicine residency.4 Similarly, the National Board of Echocardiography has 
recently developed a certification pathway for Critical Care Echocardiography,5 

further highlighting the expanding role of POCUS in critical care. Given its growth, 
international societies have published best practice recommendations and position 
statements to ensure adequate training, education, and quality control for the use of 
ultrasound in the clinical setting.6

In the practice of medicine, it is common to develop a clinical question that 
requires further expertise to correctly answer. This question may pertain to the 
workup, diagnosis, or treatment of a patient and may involve consultants from all 
areas of medicine. In this way, the provider and consultant are bound by a clinical 
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question for which they both seek an answer. Although 
POCUS cannot function independently at this time, like an 
expert consultant, it can be used to answer a clinical 
question. This review will examine the application of 
POCUS for frequently encountered patients and highlight 
the common questions that are often answered by POCUS. 
Of note, this review assumes a basic understanding of 
image acquisition and image interpretation. These skills 
will not be expanded upon and are beyond the scope of 
this review.

Materials and Methods
Relevant English language references in POCUS pub
lished between 1990 and 2021 deemed eligible based on 
abstract review were evaluated by the authors as full- 
length articles for this review. Included references consist 
of randomized controlled trials, non-randomized trials, 
prospective trials, retrospective trials, expert opinions, 
commentaries, position statements, society guidelines, 
structured and unstructured reviews, videos, images, and 
case reports. Only published references and those written 
in English were included in this review. All literature 
searches were performed using the PubMed database 
(pubmed.ncbi.nlm.nih.gov).

The Patient with Cardiac Dysfunction
Clinical Questions

(1) Does the patient have a pericardial effusion?
(2) If so, is tamponade present?
(3) Does the patient have left ventricular (LV) 

dysfunction?
(4) Does the patient have right ventricular (RV) 

dysfunction?
Cardiac dysfunction is a common finding among hos

pitalized patients.7 Focused Cardiac Ultrasound (FoCUS), 
is a limited, point of care assessment that provides rapid 
and real-time images that can be repeated at the bedside.8 

Notably, FoCUS differs from a formal comprehensive 
transthoracic echocardiography (TTE) evaluation, which 
should be undertaken when focused findings and clinical 
presentations are discordant.9 Most societies recommend 
four sonographic windows to perform as part of a FoCUS 
examination, as demonstrated in Figure 1: subxiphoid 
view, parasternal long axis (PLAX) view, parasternal 
short axis (PSAX) view, and apical 4-chamber view.10

The subxiphoid view is commonly used for visualiza
tion of the pericardium during the Focused Assessment in 
Trauma (FAST) exam in order to rule out a pericardial 

effusion and tamponade due to hemorrhage.11 Pericardial 
tamponade is a life-threatening condition that occurs when 
fluid accumulates within the pericardial sac and impairs 
filling of the right-sided chambers of the heart.12 This can 
rapidly lead to hemodynamic collapse due to decreased 
cardiac output. Early identification of pericardial fluid is of 
utmost importance, and POCUS can help confirm if there 
is a clinical suspicion for the development of tamponade 
physiology.12 When evaluating for tamponade, diastolic 
collapse of the RV carries a high specificity (75–90%). 
Systolic right atrial collapse has a sensitivity that ranges 
from 50% in early tamponade to 100% in late 
tamponade.13 The finding of a plethoric IVC with minimal 
respiratory variation carries a sensitivity ranging from 
75% to 90% with a specificity of approximately 40%.14

The PLAX view allows for assessment of stroke 
volume by either visual estimation or quantitative 
approaches.15 This window also allows for visualization 
of the right and left ventricles, interventricular septum, left 
ventricular outflow tract (LVOT), left atrium, and pericar
dium. Visual estimation of LV function requires review of 
the wall motion of the endocardium during systole, as well 
as review of the anterior leaflet of the mitral valve.16 

Under normal conditions, the anterior leaflet almost 
touches the interventricular septum upon opening. In the 
setting of reduced ejection fraction, the resultant decreased 
stroke volume will lead to decreased flow through the 
mitral valve and subsequent reduced movement of the 
anterior leaflet. The increased distance between the septum 
and anterior leaflet suggests a “reduced ejection fraction” 
that can be quantified as mild, moderate, or severe based 
on the distance between the septum and anterior leaflet.17 

There are limitations to visual estimation and certain con
ditions which may impair diagnostic accuracy, including 
irregular rhythms, large or small left ventricular size, or 
with extremes of heart rate.18 Given these limitations, 
numerous quantitative approaches have been developed 
to provide for more accurate estimations of ejection 
fraction.16 The accuracy of many of these approaches 
will be diminished if regional wall motion abnormalities 
are present.19

The PSAX view is a dynamic view which allows for 
assessment of multiple cardiac structures. Starting at the 
cranial aspect of the PSAX axis, it is possible to visualize 
the aortic valve, right atrium, right ventricular outflow 
tract (RVOT), left atrium, and pulmonary artery. The pul
monary artery pressure can be calculated in this window 
allowing for evaluation of the presence of pulmonary 
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Figure 1 Location on the chest where the (1) subxiphoid, (2) parasternal long axis, (3) parasternal short axis, and (4) apical 4-chamber views are obtained, with 
corresponding sonographic images.
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hypertension by calculating the RVOT acceleration time.20 

Moving toward the apex, the mitral valve comes into view 
and may be recognized by its “fish mouth” appearance, 
owing to its bicuspid nature. Analysis of the LV is not 
recommended at this level because the basal segments are 
not representative of the overall LV function.21 Further 
toward the apex, the left and right ventricle move into 
prominence. Increased pressure in the RV may flatten the 
interventricular septum, which can result in a D-shaped 
RV at this level.22 Finally, in the mid-papillary view, one 
can evaluate for wall motion abnormalities of the LV. The 
affected vascular territory can be elucidated based on the 
region affected.23

The apical 4-chamber view allows for the evaluation of 
multiple structures. The RV can be assessed for dilation, 
which is of particular use if there is a suspicion of acute 
pulmonary embolism (PE).23 Relative RV dilation, with an 
RV-to-LV end-diastolic diameter ratio ≥0.9, is suggestive 
of acute PE in the appropriate clinical setting.24 

McConnell’s sign is characterized by normal RV apical 
contractility with akinesis of the RV free wall and offers 
a sensitivity of 77% and a specificity of 94% for PE.25 The 
tricuspid annular plane systolic excursion (TAPSE) reflects 
the longitudinal shortening of the RV and provides 
a method to assess the global RV function.26 The TAPSE 
is obtained in the apical 4-chamber view by placing an 
M-mode cursor on the lateral aspect of the tricuspid annu
lus. The operator then measures the peak distance travelled 
by this reference point during systole, with a normal value 
corresponding to ≥1.7 cm.27 TAPSE has shown utility in 
assessment of RV infarction and acute PE, and as 
a predictor of long-term mortality in patients with preca
pillary pulmonary hypertension.28–30

For a patient in cardiac arrest, POCUS may be used to 
help search for rapidly reversible causes, such as pneu
mothorax and cardiac tamponade. Patients found to have 
a pericardial effusion have significantly higher chances of 
survival given the potentially reversible cause of their 
arrest.31 While PE is often included in the differential 
diagnosis of the patient in cardiac arrest, it is important 
to exercise caution in the interpretation of RV dilation 
during cardiac arrest as all causes of arrest are likely to 
result in some degree of RV dilation.32,33

POCUS may also be used to evaluate for evidence of 
cardiac activity during a “code blue” scenario. Signs of 
cardiac activity during cardiac arrest are associated with 
increased survival compared to patients with no sono
graphic signs of cardiac activity.34 It is important not to 

prolong pulse checks to search for cardiac activity. Placing 
the probe on the patient’s chest prior to the pulse check 
may reduce the time of the pulse check.35 Additionally, 
designating personnel other than the code leader to per
form the ultrasound exam may result in shorter pulse 
checks.36 If the patient achieves return of spontaneous 
circulation (ROSC), FoCUS may help direct further man
agement. A regional wall motion abnormality may suggest 
the need for coronary angiography. A patient with 
a persistently dilated RV after ROSC may be more likely 
to be worked up or treated empirically for a massive PE.37

The Patient with Unclear Intravascular 
Volume Status
Clinical Questions

(1) Can POCUS predict a patient’s volume status?
(2) Can POCUS identify a potentially fluid responsive 

patient?
In response to a fluid challenge, a patient’s stroke 

volume will generally change based on their position on 
the Frank-Starling curve.38 Patients located on the ascend
ing portion of the curve are likely to be responsive to fluid 
administration (showing at least a 10% increase in their 
stroke volume).39 Patients positioned on a flat portion of 
the curve may not demonstrate an increase in their stroke 
volume and may experience the negative effects of excess 
volume administration.38,40,41 While hypovolemia can lead 
to a reduction in circulating blood volume, arterial hypo
tension, and impaired end-organ perfusion, excessive fluid 
administration has negative effects on gas exchange, 
wound healing, and kidney function.42,43 The use of an 
accurate, noninvasive, point of care modality to guide fluid 
therapy has the potential to improve clinical outcomes and 
minimize complications associated with hypovolemia and 
hypervolemia.

Although there is a lack of high-quality evidence to 
support this practice, determination of volume status using 
POCUS often begins with a qualitative assessment.10 

Ventricular size may offer a rough guide for intravascular 
fluid assessment in extreme cases.44,45 For example, visua
lization of a small and hyperkinetic LV cavity that oblit
erates at end-systole has been shown to correlate with 
hypovolemia.46 Additionally, the presence of a small 
(mean diameter 2.83 ± 0.37 cm measured in the PLAX 
view with brightness mode), collapsible RV may be a sign 
of hypovolemia.47 Conversely, patients with a dilated LV 
or RV are less likely to be responsive to fluids.45 These 
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findings should be interpreted with caution as there are 
many factors that impact ventricular size and filling, 
including native chamber compliance, valvular abnormal
ities, portal hypertension, and obstructive lung disease.44,47

Cardiac ultrasound techniques can be used to estimate 
stroke volume and volume responsiveness. Specifically, 
stroke volume can be calculated as the product of the 
LVOT cross-sectional area (CSA) and the LVOT velocity- 
time integral (VTI) [Stroke volume = LVOT CSA x LVOT 
VTI].48 LVOT CSA can be calculated with the LVOT 
diameter (LVOTd) using the formula (LVOTd)2 x 0.785 
[LVOT CSA = (LVOTd)2 x 0.785].49 In the PLAX view, 
the LVOTd can be measured during mid-systole between 
the inner edges of the LVOT.49 The LVOT VTI can be 
calculated from an anteriorly angled apical 4-chamber 
view.48,49 At this location, the pulsed-wave Doppler sam
pling volume box should be placed at the same site where 
the LVOT was measured and the VTI subsequently 
traced.50 Given that LVOTd (and thus LVOT CSA) should 
remain constant for a given patient, changes in LVOT VTI 
can be used as a surrogate for changes in stroke volume.51

Once quantified, variations in LVOT VTI can be used 
to assess fluid responsiveness.44,49 Specifically, Muller 
et al found that a 10% increase in LVOT VTI following 
rapid administration of 100 mL of colloid accurately pre
dicted fluid responsiveness in a study of 39 patients with 
acute circulatory failure being mechanically ventilated 
with low tidal volumes.52 Similarly, Wang et al evaluated 
the effect of LVOT VTI variation on fluid responsiveness 
in 44 patients with septic shock receiving deep sedation 
and mechanical ventilation with tidal volumes between 8 
and 10 mL/kg.53 In this study, LVOT VTI variation accu
rately predicted fluid responsiveness (increase in stroke 
volume of 15.9%) after volume administration with an 
area under the curve of 0.956, sensitivity of 87.5%, and 
specificity of 95%.

Changes in peak aortic velocity and aortic VTI can be 
used to assess fluid responsiveness by applying the same 
principles for stroke volume calculation used at the level 
of the LVOT.50 Maizel et al found that echocardiogram- 
based stroke volume measurement during a passive leg 
raise maneuver was predictive of volume responsiveness 
in a study of 34 critically ill spontaneously breathing 
patients.54 In this study, aortic blood flow was recorded 
(and aortic VTI subsequently calculated) using the pulsed- 
wave Doppler technique with the sampling volume box 
placed at the level of the aortic annulus while obtaining an 
anteriorly angled apical 4-chamber view of the heart. 

Similarly, Lamia et al measured the change in aortic VTI- 
derived stroke volume following passive leg raise and 
crystalloid administration in 24 spontaneously breathing 
critically ill patients.55 In this study, a passive leg raise- 
induced increase in aortic VTI ≥ 12.5% predicted an 
increase in stroke volume index of ≥15% after volume 
administration with 77% sensitivity and 100% specificity. 
Overall, fluid responsiveness can be accurately predicted 
in patients undergoing either spontaneous ventilation or 
mechanical ventilation by measuring stroke volume 
changes with a passive leg raise maneuver.10,56

The use of these techniques requires precise measure
ments to avoid errors in calculation and subsequent 
management.44,56 Computer-derived models for stroke 
volume calculation may offer an alternative when accurate 
measurements cannot be obtained,57 but more studies are 
needed to evaluate this practice. There are limitations 
associated with the use of these approaches. For example, 
LVOT VTI is not reliable in the presence of arrhythmias, 
subaortic obstruction, or at least moderate aortic 
insufficiency.49 Additionally, not all patients who are 
“volume responders” benefit from additional fluid admin
istration. All findings should be taken in a clinical 
context.44 Finally, there is no consensus whether the ultra
sound skills required for accurate volume status/respon
siveness determination (eg, use of precise measurements, 
Doppler analysis) exceed the scope of a FoCUS assess
ment and should be reserved for a formal TTE 
evaluation.10,44,49,58 Ensuring continuing education and 
maintenance of certification will minimize technical errors 
and improve diagnostic accuracy.10

Another common technique for predicting fluid respon
siveness is the assessment of the inferior vena cava (IVC) 
using ultrasound.59 Variation in transpulmonary pressure 
during respiration is transmitted to the right heart, which 
impacts venous return and IVC diameter.60 In spontaneous 
ventilation, negative transpulmonary pressure at the begin
ning of inspiration increases venous return from the vena 
cavae, resulting in IVC collapse as a function of its 
compliance.60 Patients with a reduced right-heart pressure 
and high IVC compliance (eg, from hypovolemia) will 
demonstrate significant collapse of their IVC during 
inspiration. Conversely, patients with elevated right-heart 
pressure will not have significant collapse of their IVC 
during inspiration.60 The opposite response occurs during 
controlled, positive-pressure ventilation (PPV), where the 
IVC distends during inspiration.61,62 The change in IVC 
diameter during PPV is directly proportional to its 
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compliance. Patients undergoing PPV demonstrating sig
nificant IVC distention during inspiration may be posi
tioned on the fluid responsive, ascending portion of the 
Frank-Starling curve. Using ultrasound-guided visualiza
tion, the IVC diameter can be directly measured and the 
degree of collapsibility or distensibility indexed.59 This 
can be performed in the subxiphoid view using M-mode 
with the IVC diameter measured 0.5–3 cm from the infer
ior cavoatrial junction.56

There have been several studies examining the rela
tionship between volume responsiveness and indices of 
IVC collapsibility, distensibility, or variability in both 
spontaneously breathing63–72 and mechanically- 
ventilated73–81 patients. Because of the presence of multi
ple negative studies,69,71,79–81 the relationship between 
ultrasound-measured variation in IVC diameter and the 
prediction of fluid responsiveness remains unclear.10,82–84 

Orso et al performed a systematic review and meta- 
analysis to assess the accuracy of ultrasonographic IVC 
measurements to determine fluid responsiveness.59 

Twenty-seven studies were included in their review, 22 
measuring a collapsibility index, one measuring IVC dia
meter, and four evaluating both indices. Overall, they 
found considerable heterogeneity among the included stu
dies and concluded that ultrasound evaluation of IVC 
diameter and its variation with respiration does not seem 
to reliably predict fluid responsiveness.

Long et al performed a systematic review and meta- 
analysis examining respiratory variation in IVC diameter 
as a predictor of fluid responsiveness in patients with acute 
circulatory failure.85 The review included 17 studies invol
ving 533 patients. Similar to other studies, ultrasono
graphic assessment of the IVC had a limited ability to 
predict fluid responsiveness with a pooled sensitivity of 
63% and a pooled specificity of 73%. Overall, the results 
of these systematic reviews indicate that providers should 
exercise caution when using changes in IVC size to predict 
fluid responsiveness. The presence of limitations and con
founding factors may contribute to the inconsistency in 
data attempting to describe this relationship. For example, 
the work of breathing with spontaneous ventilation 
impacts IVC size, and the regular motion of the IVC 
during respiration may incorrectly mirror changes in IVC 
diameter as it moves out of the ultrasound beam plane.50 

The presence of elevated intra-abdominal pressure, dimin
ished lung compliance, or right-heart dysfunction con
founds normal IVC diameter measurements.56,82 

Additionally, there is often a high degree of inter- 

operator variability when performing POCUS, which 
may affect accuracy.86

The severity of venous congestion visualized on ultra
sound may provide further insight into patients’ volume 
status. Congestion-mediated hypervolemia will produce 
a rapid increase in venous pressures once the limits of 
capacitance have been exceeded, and several markers of 
this venous hypertension can be identified on ultrasound.87 

Originally designed to predict the occurrence of postopera
tive acute kidney injury in a post-hoc analysis of a single- 
center prospective study of 145 patients undergoing cardiac 
surgery, the Venous Excess Ultrasound (VExUS) grading 
system incorporates hepatic vein Doppler, portal vein 
Doppler, intra-renal venous Doppler, and IVC 
ultrasound.87 In this study, the presence of two severe 
ultrasound abnormalities with an IVC diameter of ≥2 cm 
at intensive care unit (ICU) admission indicated a high risk 
of postoperative acute kidney injury. In a single-center 
observational study of 30 patients admitted to an ICU 
with cardiorenal syndrome, a VExUS score incorporating 
IVC respiratory variation, hepatic vein Doppler, and portal 
vein Doppler reliably demonstrated venous congestion and 
might be used to assist in the decision to remove fluids.88 

While the results of these early studies87,88 provide evi
dence that venous congestion scores can aid in volume 
status assessment, larger prospective investigations are 
needed before this practice gains widespread adoption. 
Furthermore, the VExUS grading scores described above 
require advanced training in ultrasonography including 
Doppler analysis and may be beyond the scope of 
a limited POCUS evaluation.87,89

The Patient with Hemodynamic Instability
Clinical Questions

(1) Does the patient have cardiac tamponade?
(2) Does the patient have reduced LV ejection fraction?
(3) Does the patient have RV dysfunction?
(4) Does the patient have signs of hypovolemia?
(5) Does the patient have free fluid in the abdomen?
(6) Does the patient have aortic pathology?
(7) Does the patient have a pneumothorax or hemothorax?
Bedside ultrasound in the setting of trauma has been 

well established.90 The FAST exam was developed to 
answer three questions:91 Is there a pericardial effusion? 
Is there free intraperitoneal fluid? Is there a hemothorax? 
As noted in Figure 2, the exam requires the provider to 
obtain images via the subxiphoid, right upper quadrant 
(RUQ), left upper quadrant (LUQ), pelvic, and bilateral 
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anterior lung windows. The value of FAST examination 
has been shown in both blunt and penetrating trauma.92,93 

While a positive FAST is a strong indicator of exploratory 
laparotomy in patients with penetrating torso trauma,92 it 

is possible that patients with a negative FAST will require 
laparotomy for control of bleeding (ie, false negative).94 

The extended focused abdominal scan for trauma 
(E-FAST) adds lung ultrasound to the examination. This 

Figure 2 Location on the chest where the (1) subxiphoid, (2) right upper quadrant, (3) left upper quadrant, (4) pelvic, and (5) apical lung views are obtained, with 
corresponding sonographic images.
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has been shown to have moderate sensitivity for the detec
tion of pneumothorax.95

Bedside ultrasound may be employed in parallel with 
resuscitative measures. If the patient has undifferentiated 
hypotension, the Rapid Ultrasound in Shock (RUSH) 
exam may be of particular utility.96 The RUSH exam is 
an emergency ultrasound protocol, which helps clinically 
differentiate various etiologies of shock in a short period 
of time. The exam includes evaluation of the heart, IVC, 
thoracic cavity, abdominal cavity, and large vessels.97,98 

The order of the exam may be remembered with the 
HIMAP acronym (Heart, IVC, Morrison’s pouch, Aorta, 
Pneumothorax). Evaluation of the heart consists of 
a FoCUS examination evaluating for tamponade, gross 
LV ejection fraction, and RV function.99 Evaluation of 
the IVC is used to help assess volume status. 
Visualization of the thoracic and abdominal cavities 
should include evaluation of signs of pulmonary edema, 
pneumothorax, and free fluid. Evaluation of the vessels is 
focused on signs of a ruptured abdominal aortic aneurysm, 
aortic dissection, or deep venous thrombosis (DVT).99,100

The RUSH exam incorporates components of other 
common POCUS exams, such as FoCUS and the FAST 
exam.101 To evaluate the heart, the standard FoCUS views 
are performed, including the subxiphoid, PLAX, PSAX, 
and apical 4-chamber views. The IVC is then examined, 
and an E-FAST exam is completed. The subxiphoid view 
has already been obtained with FoCUS, so completion of 
this exam involves obtaining the RUQ, LUQ, pelvic, and 
bilateral lung views.101 The upper quadrant views allow 
for the evaluation of both the abdominal and the thoracic 
cavities. To conclude the exam, attention is now brought to 
the vessels by examination of the aorta, as well as the 
femoral vessels and popliteal vessels if there is a clinical 
suspicion for DVT/PE.101 The views obtained in the 
RUSH exam are shown in Figure 3. Since most of the 
views have been covered, only sonographic examples of 
the IVC and aortic views are included.

The Patient with Respiratory Distress
Clinical Questions

(1) Does the patient have a pneumothorax?
(2) Does the patient have pulmonary edema?
(3) Does the patient have lung consolidation?
(4) Does the patient have a pleural effusion?
(5) Does the patient have lung collapse?
(6) What is the patient’s optimal lung opening pressure?

Point of care lung ultrasound may facilitate more rapid 
identification of pulmonary abnormalities versus formal 
radiology studies. For example, there are several readily 
visualized and well-described lung ultrasound findings 
associated with the presence of pneumothorax.102 These 
include the absence of synchronous movement of the 
pleural line with ventilation (ie, absence of “lung 
sliding”),103 the presence of a contact point between the 
pneumothorax air collection and collapsed lung (ie, pre
sence of a “lung point”),103,104 the absence of lung sliding 
with the perception of heart activity at the pleural line (ie, 
absence of a “lung pulse”),105 and the absence of vertical 
hyperechoic comet-tail artifacts originating from the 
pleural line (ie, absence of B lines).102,103,106 The presence 
of B lines rules out pneumothorax with 100% sensitivity 
and 100% negative predictive power,107 while the pre
sence of a lung point confirms pneumothorax with 100% 
specificity.104 POCUS is also useful in the evaluation of 
pleural effusion, which is usually readily identifiable due 
to the hypoechoic appearance of pleural fluid.108 

Ultrasound is able to detect small volumes of pleural 
fluid and may assess the thickness of the fluid layer more 
accurately than plain-film radiography.109 Finally, the use 
of ultrasound for the diagnosis and management of pleural 
effusions may allow for a reduction in the number of chest 
x-rays and computerized tomography scans, decreasing 
radiation exposure, cost, and time to treatment.110,111

The Lung Ultrasound Score (LUSS) is a tool used to 
identify and quantify the degree of loss of aeration in the 
lungs due to various pulmonary pathologies (Figure 4).112 

Each side of the patient’s chest is divided into 4 quadrants 
by the anterior axillary line and the level of the nipple. 
Each of the 8 total quadrants on each side is then exam
ined with ultrasound and a score of 0–3 is given for each 
quadrant, with a total possible score of 24. A lines are 
hyperechoic horizontal reverberation artifacts visualized 
below the parietal pleural in regular intervals that indicate 
a high gas–volume ratio and normal aeration.103 Normal 
lung with normal lung sliding, along with A lines or no 
more than 1 B line corresponds to a score of 0.113 If 
multiple distinct B lines are present, a score of 1 is 
assigned. When multiple B lines are present, but they are 
more coalescent, a score of 2 is assigned. Finally, if air 
bronchograms are present, this is suggestive of consolida
tion and a score of 3 is assigned. A higher LUSS is 
associated with a greater 28-day mortality among hospita
lized patients.113
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Lung ultrasound may also be used to guide the man
agement of a patient undergoing fluid resuscitation by 
demonstrating signs of volume overload. In addition to 
being used in the LUSS and in the diagnosis of pneu
mothorax, B lines are suggestive of extravascular lung 
water (EVLW) content and are thus a surrogate for pul
monary edema.114 The presence of 3 or more B lines 
observed in 2 or more intercostal spaces is suggestive of 
acute decompensated heart failure.115 Lung ultrasound is 
as specific and more sensitive than chest x-ray in the 
identification of cardiogenic pulmonary edema.116 A meta- 
analysis of eight studies, including 1301 patients con
ducted by Wang et al, found that ultrasound diagnosed 
acute pulmonary edema with a sensitivity of 97% and 
specificity of 98%.117 After obtaining a baseline exam, 
serial monitoring of the number of B lines can be 

undertaken to assess the response to therapy as there is 
a relationship between the number of B lines and the 
severity of pulmonary congestion.106 In this manner, lung 
aeration can be evaluated by visualizing a reduction in 
B line burden.118

Lung pathology can be assessed based on the distribu
tion of ultrasound findings. For example, B lines asso
ciated with cardiogenic pulmonary edema often follow 
a diffuse and symmetric spatial distribution in the depen
dent lung zones.108 Conversely, B lines due to pulmonary 
fibrosis are often associated with small subpleural conso
lidations and asymmetry of the pleural line at the posterior 
lung base.119 Sonographic features of acute lung injury/ 
acute respiratory distress syndrome (ARDS) are more 
likely to follow a heterogeneous and irregular pattern 
with numerous subpleural consolidations and multiple 

Figure 3 Diagram of the views obtained for completion of the RUSH exam using the HIMAP acronym. H: heart (focused cardiac ultrasound), I: IVC, M: Morrison’s pouch 
(RUQ followed by completion of an E-FAST exam), A: aorta, P: pneumothorax (already covered via E-FAST exam). Corresponding sonographic images of the IVC and aorta 
are included. 
Abbreviations: RUSH, rapid ultrasound in shock; IVC, inferior vena cava; RUQ, right upper quadrant; E-FAST, extended focused abdominal scan for trauma.
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B lines alternating with normal-appearing lung.119,120 

Lung contusions are associated with multiple merging 
B lines arising from the pleural line and peripheral par
enchymal lesions, defined as hypoechoic subpleural focal 
images with or without a pleural line gap.121 Finally, the 
ultrasound features associated with pneumonia include 
focal or multifocal hypoechoic lung texture with irregular 
blurred margins, often in the absence of pleural 
features.122

A feared complication of mechanical ventilation is 
ventilator-induced lung injury, caused by overdistension 
of alveoli and/or repetitive opening and closing of alveolar 
lung units.123 To avoid lung injury, clinicians often employ 
lung protective strategies, such as limiting tidal volume or 
driving pressure.124–126 Ultrasound has several unique fea
tures, which make it an attractive tool to adjust opening 
and closing pressures. It is non-invasive, easy-to-use, and 
highly specific and sensitive for diagnosing lung 
collapse.106 One effective approach for optimizing aera
tion is a four-step process described by Tusman et al.127 

The first step is to determine the need for a recruitment 
maneuver using a comprehensive lung ultrasound exam.128 

The presence of isolated or coalescent B lines or sub- 
pleural consolidations with static air-bronchograms is 
signs of possible moderate-to-severe lung collapse. These 
findings can be used to calculate a lung ultrasound aeration 
score described by Bouhemad et al.129 A high aeration 

score is an indication that the patient requires 
a recruitment maneuver. Although B lines can be asso
ciated with other pathologies, bilateral findings along with 
static air-bronchograms are strong indicators of collapsed 
but recruitable lung parenchyma.

Once the need for lung recruitment is established, 
the second step is to evaluate the hemodynamic status of 
the patient.127 Patients in any form of shock or preload- 
dependent state may not tolerate the increased intrathor
acic pressures required for lung recruitment.130 If the 
patient is not hypovolemic, the clinician can start step 
three of the ultrasound-guided recruitment maneuver. 
Concentrating the ultrasound on the most dependent por
tion of the lung with airway collapse, the pressure is 
increased until re-aeration is visualized.127,131 Once the 
optimal opening pressure has been established, 
a stepwise decrease in positive end expiratory pressure 
(PEEP) can be used to determine the optimal closing 
pressure, 2 cm H2O above the PEEP at which lungs start 
to collapse again.127,131 The final step is to assess the 
effects of the above interventions.

Stevic et al simultaneously assessed lung recruitability 
using both recruitment-to-inflation (R/I) ratio and lung 
ultrasound aeration score in a prospective observational 
study of 24 patients with novel coronavirus disease- 
associated ARDS.132 The R/I ratio was calculated by the 
compliance of recruited lung divided by the lung 

Figure 4 Sonographic images of the lung with the orientation of A lines and B lines superimposed.
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compliance at low PEEP,133 while the lung ultrasound 
aeration score was determined according to the method 
described by Bouhemad et al.129 Investigators found that 
an R/I ratio of 0.7 correlated with lung ultrasound aeration 
score, further validating the use of ultrasound-guided lung 
recruitment.132

Ultrasound may also be used to guide the initial PEEP 
strategy in patients with ARDS. Salem et al compared 
a lung ultrasound aeration score-determined PEEP strategy 
with an FiO2-determined PEEP strategy in a prospective 
trial of 60 patients with ARDS receiving mechanical 
ventilation.134 In this study, the PEEP strategy determined 
by lung ultrasound was associated with improved oxyge
nation, lung compliance, and other clinical outcomes com
pared to the FiO2-determined strategy. Although this study 
was a single-center investigation and non-blinded in nat
ure, it provides further evidence for the use of ultrasound- 
guided ventilator management in patients with ARDS.134 

Overall, the use of lung ultrasound for lung recruitment is 
an evolving concept that requires further investigation. 
A recent systematic review on this topic concluded that 
while lung ultrasound findings with a non-focal morphol
ogy of ARDS are predictive of more re-aeration following 
a recruitment maneuver, the ultrasound findings associated 
with successful response to recruitment in patients without 
ARDS have not been identified.135

Other Patients
Clinical Questions

(1) Does the patient have evidence of a DVT?
(2) Does the patient have a retinal detachment?
(3) Does the patient have vitreous hemorrhage?
(4) Does the patient have elevated optic nerve sheath 

diameter, suggestive of elevated intracranial pressure?
Venous thromboembolic disease is common among hospi

talized patients and leads to significant morbidity and mortality 
when undiagnosed.136 Formal ultrasonography for the diagno
sis of DVT is often delayed and sometimes unavailable.137 

POCUS has been shown to accurately diagnose DVT com
pared to formal evaluation.138 Two-point POCUS for DVT 
assesses the common femoral vein and the popliteal vein for 
compressibility, whereas the 3-point ultrasound technique 
additionally evaluates the superficial femoral vein. One large 
retrospective study by Adhikari et al found that 5.5% and 0.8% 
of detected DVTs in the emergency department were isolated 
to the superficial femoral vein and deep femoral vein.139 

A recently published meta-analysis, however, did not find 
a significant difference between the two methods for the 

diagnosis of DVT in the emergency department setting.140 

Importantly, the 2-point compression test does not mean two 
compressions with the probe; the intention should be to inter
rogate the region from the greater saphenous vein/femoral vein 
junction to the confluence of the deep and superficial femoral 
veins as well as the region behind the knee from the proximal 
popliteal vein to the confluence of the calf veins.141 Although 
diagnostic ultrasound is operator-dependent, Kory et al found 
that rapid and accurate diagnosis of proximal lower extremity 
DVTs can be achieved by intensivists.142 Most of the exams in 
this study were performed by critical care fellows with less 
than 2 years of experience after a 3-day training course. Of 
note, a review of the literature concluded that compressing 
vessels in order to diagnose a DVT should not cause an embolic 
event.141

Bedside ocular ultrasound is fast and non-invasive, allow
ing for the identification of common pathology, as well as 
ruling out increased intracranial pressure. While anterior eye 
lesions can be easily identified by medical history and physical 
exam, posterior lesions are more difficult to diagnose. 
Unfortunately, ophthalmoscopy is challenging and rarely per
formed in critical care practice.143 Since the eye is a fluid-filled 
structure laying superficially within the orbit, it is easy to 
visualize with ultrasound (Figure 5). Blaivas et al showed 
that skilled emergency medicine physicians accurately diag
nosed 60 of 61 intraocular diseases by ultrasound.144 Retinal 
detachments appear on ultrasound as highly reflective mem
branes floating in the vitreous body. A classic “v shape” is seen 
with complete detachment, due to firm attachments of the 
retina at the ora serrata and the optic nerve head.145 Vitreous 
hemorrhage can be detected by hyperechoic particles seen 
swirling in the vitreous body (Figure 6).146 Intracranial pres
sure estimation can provide important clinical information in 
the ICU setting, and elevated ocular nerve sheath diameter is 
associated with an elevation of intracranial pressure. The inner 
layer of the optic nerve sheath is an extension of the subar
achnoid space stemming from the central nervous system. 
A normal optical nerve sheath diameter is <5 mm in adults. 
By convention, measurements of the optic nerve sheath are 
made 3 mm posterior to the globe.147 Papilledema (edema of 
the retinal disc from increased intracranial pressure) can also be 
observed by ocular ultrasound. Bilateral elevation of the opti
cal disk above the level of the retina on ultrasound was seen in 
95% of patients with intracranial hypertension.148 A recent 
meta-analysis, which incorporated both emergency department 
and critical care populations, showed good diagnostic test 
accuracy for detecting elevated intracranial pressure with 
POCUS compared to computed tomography.149
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Figure 5 Normal ocular ultrasound with the lens visible at the superior aspect of the image and the optic nerve sheath visible at the inferior aspect of the image.

Figure 6 Ocular ultrasound example of a vitreous hemorrhage.
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Future POCUS Directions
The integration of artificial intelligence (AI)-based prin
ciples may reduce some of the technical and operator- 
specific limitations associated with image acquisition and 
interpretation within POCUS. Machine learning is the 
field of AI that focuses on extracting knowledge from 
data using computing. Machine learning approaches have 
been applied within several healthcare domains to aug
ment pattern recognition and improve the accuracy of 
diagnoses.150 Integration of deep learning (a subset of 
machine learning) principles within POCUS has the 
potential to improve the accuracy and efficacy of ima
ging using automated image interpretation and incor
poration of clinical scenario-specific algorithms.151 

Blaivas et al developed and applied a deep learning 
algorithm to augment real-time video interpretation for 
POCUS-guided assessment of IVC collapsibility and 
fluid responsiveness.152 The algorithm was designed to 
automatically assess whether ultrasound videos demon
strated an IVC collapsibility of ≥25%. After training the 
algorithm on 220 public domain IVC ultrasound videos, 
researchers found that it demonstrated good agreement 
with three POCUS experts κ=0.45 (95% CI = 0.33– 
0.56). Bataille et al examined whether machine learning 
techniques applied to TTE data may predict fluid respon
siveness following a standardized fluid challenge in 100 
critically ill patients with severe sepsis or septic 
shock.153 The authors found that the predictive values 
of the machine learning approaches were as accurate as 
the hemodynamic response to a passive leg raise man
euver. Similarly, Asch et al developed a novel machine 
learning algorithm adapted for cardiac ultrasound views 
commonly used in the point of care setting (eg, apical 
and PLAX windows).154 Their algorithm allowed for 
a fully automated evaluation of LVEF and identification 
of LV dysfunction with similar accuracy to experienced 
cardiologists using visual estimation.

Conclusion
In conclusion, the POCUS consult is an emerging techni
que that has broad applicability across the hospital setting. 
It provides valuable clinical information, delivers data in 
real-time, and does not require years of expertise to mas
ter. The role of POCUS will continue to evolve with the 
incorporation of AI into healthcare, improving providers’ 
ability to accurately diagnose pathology and deliver opti
mal patient care.
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