
Received 04/29/2019 
Review began  05/01/2019 
Review ended  05/02/2019 
Published 05/07/2019

© Copyright 2019
Patel et al. This is an open access article
distributed under the terms of the
Creative Commons Attribution License
CC-BY 3.0., which permits unrestricted
use, distribution, and reproduction in any
medium, provided the original author and
source are credited.

Cardiac Ultrasound in the Intensive Care Unit: A
Review
Avani R. Patel  , Amar R. Patel  , Shivank Singh  , Shantanu Singh  , Imran Khawaja 

1. Internal Medicine, Northern California Kaiser Permanente, Fremont, USA 2. Internal Medicine, Southern Medical
University, Guangzhou, CHN 3. Pulmonary Medicine, Marshall University School of Medicine, Huntington, USA

Corresponding author: Avani R. Patel, avani.94539@gmail.com

Abstract
Transthoracic echocardiography (TTE) is an incredibly valuable tool in today’s emergency rooms and
intensive care units (ICUs). It has the ability to provide a complete evaluation of the structure and function
of the heart, the valves, stroke volume, ejection fraction, and much more. Previous academic studies have
also determined that point-of-care TTE done by non-cardiologist physicians can also provide higher
accuracy in patient assessment and management, with potential prognostic impact by assessing the severity
of cardiac dysfunction and response to treatment. The aim of this review article is to examine further these
point-of-care evaluations, what they entail, their benefits, and where further research would better our own
understanding.
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Introduction And Background
Echocardiography as a tool was first introduced in 1953 by a cardiologist named Inge Edler, working with a
physicist named Carl Hertz [1]. Today, echocardiography has progressed to the point where it has become an
invaluable tool for any treating physician in any department. As the medical community has become more
technologically savvy, transthoracic echocardiography (TTE) has become a primary mode of assessment in
both the emergency department and the intensive care unit (ICU) [2]. Research done has also determined
that point-of-care TTE provides higher accuracy in patient assessment and management, with a potential
prognostic impact by assessing the severity of cardiac dysfunction and response to treatment [2]. In 2010, a
combined statement between the American Society of Echo and the American College of Emergency
Physicians was issued on the subject of point-of-care cardiac evaluations being performed by non-
cardiologists [3]. In that statement, it was decided that the term focused cardiac ultrasound (FOCUS) should
be used to describe point-of-care evaluations performed by non-cardiologists, thus allowing differentiation
from a comprehensive TTE and a limited echo, which are exclusively performed by cardiologists [3]. Later
on, in 2013, the American Society of Echo decided that FOCUS should be used as an adjunct to the physical
exam in an emergency setting, off hours, or when formal echo is not available [3]. These guidelines further
state that FOCUS should be used specifically for the evaluation of cardiac tamponade, effusion, global heart
function, and intravascular volume [3]. There should also be an intent to follow up with a formal echo for the
confirmation of findings from the FOCUS exam [3]. The aim of the following review article is to better
understand the use of cardiac ultrasound in the intensive care unit (ICU), the different views used, and the
relevant exams, and to address the limits of our current understanding. In doing so, future endeavors can be
made to address those gaps.

Review
Different views
Although the objective of FOCUS exams versus comprehensive transthoracic echocardiography (TTE) is to
perform a very standardized evaluation as compared to a comprehensive one, the technical approach is
essentially unchanged [3]. Four views are taken. They are the parasternal long axis (PLA) view, the
parasternal short axis (SA) view, the apical (AP) view, and the subxiphoid (SX) view (see Figure 1). Both the
PLA and SA views can quantify the cardiac ejection fraction and both can be taken in more than 90% of
patients [4-5]. It is necessary to use a phased array or a small footprint probe in order to look "between" the
ribs. If that is not available, then it is still possible to do the full evaluation of basic cardiac function with any
low-frequency transducer.
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FIGURE 1: (Panels A-D) Views from Four Different Patients
(Panel A) The parasternal long-axis (PLA) view was taken from a patient with septic shock. The patient had
severe aortic endocarditis (arrows pointing to vegetations present on the aortic valve) and a dilated left
ventricle. The aorta (Ao), the right ventricle (RV), and the left atrium (LA) are also seen [6].

(Panel B) The parasternal short-axis (SA) view was taken from a patient with acute respiratory distress
syndrome and associated right heart dysfunction. The right ventricle (RV) is shown to be enlarged due to
severe pulmonary hypertension (seen with arrow) [6].

(Panel C) The apical (AP) view was taken from a ventilated patient with refractory hypoxemia. The right
ventricle (RV), the left ventricle (LV), the right atrium (RA), and the left atrium (LA) all are seen [6].

(Panel D) The subxiphoid (SX) view was taken from a patient with shock and pulsus paradoxus. Pericardial
effusion is present (pointed out by the arrow). Also seen are the right ventricle (RV), the right atrium (RA), and
the left ventricle (LV) [6].

The Parasternal Long-axis (PLA) View

In order to take the PLA view, the patient is put in the supine or in the slightly left lateral position. The
transducer or probe is placed on the chest, slightly left of the sternum at the third or fourth intercostal space
[3]. The transducer is oriented towards the right mid-clavicular line and can be moved up or down, with the
final goal of dividing the left ventricle on its longitudinal axis [3]. With the PLA view, a physician can
observe the left ventricle, the cross-sections of the mitral and aortic valve, and part of the right ventricle.
With the PLA view, physicians can evaluate left ventricle (LV) contractility, pericardial effusions, and pleural
effusions.

The Parasternal Short-axis (SA)View

The next view taken after the PLA view is the SA view. The SA view is taken by rotating the probe 90-degrees
clockwise to bisect the left mid-clavicular line in the fourth intercostal space [3]. The SA view will show a
cross-sectional view across the left ventricle. Therefore, the aortic valve, the mitral valve, the papillary
muscles, and the apex of the heart can be visualized with the SA view. The SA view is considered the best for
evaluating right heart function.

The Apical (AP) View

The AP view is found by placing the probe near the apex of the heart. This is usually a few centimeters below
the nipple and between the left mid-clavicular line and anterior axillary line [3]. Turning the patient onto
the left lateral position can sometimes bring the heart closer to the chest wall, making it easier to visualize.
The AP view shows a view of the heart that is divided in an anterior-posterior orientation. It shows the right
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atrium (RA), the right ventricle (RV), the left atrium (LA), and the left ventricle (LV). The real value of the AP
view is that with some forward manipulation of the probe, it can also visualize the left ventricular outflow
tract to the aorta, therefore, giving a five-chamber view. The AP view is helpful in assessing for aortic
stenosis, stroke volume, cardiac index, ejection fraction (EF), right heart function, and heart size. Usually,
the RV is about 60% of the LV [4]. The ratio is higher in cases of right-sided heart failure, right-sided heart
overload, or in mechanically ventilated patients.

The Subxiphoid (SX) View

Unlike the others, the subxiphoid (SX) view is taken from the abdomen, looking across the left lobe of the
liver up towards the heart [3]. Across the liver, the inferior vena cava (IVC) can be seen and followed up to
where it joins the right side of the heart. The SX view is valued for evaluating cardiac activity and pericardial
effusion. It is also valued because it is the only view that can be taken in mechanically ventilated patients
with high mean airway pressure settings. It is also the typical view taken in the focused assessment
sonogram for trauma (FAST). FAST is an ultrasound protocol developed to assess for hemoperitoneum and
hemopericardium [7]. Several studies have demonstrated sensitivities between 85% to 96% and specificities
exceeding 98% [8]. Experienced providers perform the FAST exam in less than five minutes [9], and its use
decreases time to surgical intervention, patient length of stay, and rates of computed tomography and
diagnostic peritoneal lavage (DPL) [10].

Different types of FOCUS exams
A FOCUS exam is a bedside ultrasound examination of the heart performed by a non-cardiologist physician
as an adjunct to their physical examination [11]. The goal of a FOCUS exam is to recognize a narrow list of
abnormalities that are both detectable by physicians with limited ultrasound training and have high clinical
assessment value [11]. Previous research studies have come up with different types of FOCUS exams. Despite
the fact that more studies need to be done to validate FOCUS exam utilization, it is apparent that they may
improve clinical outcomes [12].

Bedside Echocardiographic Assessment in Trauma/Critical Care

Bedside echocardiographic assessment in trauma/critical care (BEAT) was a point-of-care cardiac exam
developed in 2008 by a group of surgeons. BEAT was developed in response to the idea that pulmonary artery
(PA) catheter-guided resuscitation may not be of benefit [13]. As its name suggests, BEAT is utilized in the
trauma setting. It utilizes all four of the same views: PLA, SA, AP, and SX. It evaluates volume status by
mitral inflow and IVC diameter and collapsibility. It goes on to further evaluate for pericardial effusion, LV
function, and, lastly, RV function and dilation [12].

Focused Assessment with Transthoracic Echocardiography

The focused assessment with transthoracic echocardiography (FATE) is a FOCUS exam that was created for
general critical care. It utilizes the same four standard views as TTE: the PLA, SA, SX, and AP views. FATE
evaluates for pericardial effusion, LV function, RV function and/or dilation, and lungs [14].

Rapid Ultrasound for Shock and Hypotension

In 2013, the rapid ultrasound for shock and hypotension (RUSH) exam was created. It later became
increasingly popular in the emergency medicine community. Its objective is to assess for sources of
hypotension in the undifferentiated shock patient [15]. Like other FOCUS exams, there are four views
utilized: the PLA, SA, SX, and AP views. They evaluate left and right heart size and function, effusion, and
IVC size and collapse. With the SA view, if the measured size difference between systole and diastole is less
than 30%, this will indicate abnormal function [3]. Unlike other FOCUS exams, the RUSH exam also evaluates
the lungs, aorta, and leg veins for deep vein thrombosis (DVT) [15].

Limited Transthoracic Echocardiogram

In 2014, Dr. Paula Ferrada came up with the limited transthoracic echocardiogram (LTTE) and the ABCD
(Asynergy, B-lines, Contractile reserve, Doppler flowmetry) echo, a tool for the initial assessment of
hypotensive patients in the trauma bay. Her work describes a simplified exam that evaluates cardiac function
(good vs. poor), volume status (IVC fat vs. flat), and pericardial effusion (present or absent) [16]. The
randomized clinical trial performed had 215 patients, with 92 in the LTTE group and 123 in the non-LTTE
group. It was shown that therapy was modified in 41% of the LTTE group patients and in 96% of patients
older than 65 years. In the follow-up, LTTE-guided resuscitation a showed statistically shorter time to
diagnosis, time to the operating room, higher ICU admissions, and lower mortality than their non-LTTE
group counterparts [16].

Hemodynamic echocardiography
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For many, hemodynamic echocardiography is simply the next step for directing care in resuscitative
management, especially in busy emergency rooms and ICUs. The FOCUS exams described previously are
designed to provide an evaluation of cardiac function and volume status with any available machine. In
comparison, hemodynamic echocardiography requires a full-service cardiovascular machine capable of
accurate Doppler measurements. The reason it is so important is because the next question asked after
determining volume status in an intensive care setting would be whether fluid or inotropic support is better
in a given individual [3]. A 21-year old with hypovolemic shock would need blood and possibly a
vasopressor. An 80-year pneumonia patient might need fluids, inotropic support, plus a vasoconstrictor [3].
More data needs to be known before proceeding further, which is where hemodynamic echography would be
most beneficial.

Focused Rapid Echocardiographic Evaluation

Focused rapid echocardiographic evaluation (FREE) is one of the best-described types of hemodynamic
echocardiography [5,17]. Compared to a TTE, the FREE exam is functionally evaluated rather than
anatomically [3]. FREE evaluates cardiac function, volume status, vascular resistance, and anatomy. FREE
evaluates these by utilizing the patient’s mean arterial blood pressure and body surface area. Then by using
the measurements and evaluations, patients are grouped into one of four hemodynamic profiles. The
profiles are normal x 3, vasodilated/high output, hummingbird, and dysfunctional. Using this information, if
the patient is in shock, then the type of shock can also be determined.

Normal x 3 heart is a hemodynamic profile that describes a normal EF and a normal cardiac output. The
patient will appear volume responsive (to intravascular fluid replacement) with normal peripheral
resistance. From that and the patient’s history, if end-organ-hypoperfusion is the concern, then fluid
replacement would be the next natural step. However, if the patient history is supportive of respiratory
failure, then diuresis would be the next natural step of management.

A vasodilated/high-output hemodynamic profile refers to a patient with normal cardiac function and
decreased systemic vascular resistance, either secondary to diffuse arteriolar dilation or possible bypass of
the arterioles and capillary beds, leading to activation of neurohormones [18-19]. If a patient has this
profile, then vasoconstrictors need to be started, but depending on the patient volume status, fluids may or
may not be started with the vasoconstrictors.

The hummingbird hemodynamic profile indicates that the patient’s heart is under-filled, leading to a low
stroke volume and high heart rate. This combination of low stroke volume and high heart rate will put the
patient at risk for myocardial stress, especially if the patient has any significant cardiovascular history.
Therefore, in those profiles, regardless of whether there is underlying end-organ-hypoperfusion or
respiratory failure, the recommended next step is fluid replacement.

The fourth and final hemodynamic profile is the dysfunctional hemodynamic profile. The profile is as stated.
Typically, these patients need to be managed with a great deal of care and cannot receive as much fluid
replacement. Therefore, the recommended next step is inotropic support and the judicious management of
fluid replacement [3].

Conclusions
The material reviewed in this paper focuses on the use of cardiac ultrasound in the ICU, the different views
used, the relevant exams, and to address the limits of our current understanding. It goes into detail
regarding the use of FOCUS exams for targeted cardiac evaluations and their benefits. Despite these key
points being addressed, larger studies are needed to better understand FOCUS exams and hemodynamic
echocardiography exams. Only with more data can we adjust and create more useful protocols regarding
these exams and be assured that the patient will still receive the best level of care. This is a review article for
busy physicians to have a cumulative view of our current situation regarding the use of echocardiography
and FOCUS exams.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Singh S, Goyal A: The origin of echocardiography: a tribute to Inge Edler . Tex Heart Inst J. 2007, 4:431-438.

2019 Patel et al. Cureus 11(5): e4612. DOI 10.7759/cureus.4612 4 of 5

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2170493/


2. Haji DL, Royse A, Royse CF: Review article: clinical impact of non-cardiologist-performed transthoracic
echocardiography in emergency medicine, intensive care medicine and anaesthesia. Emerg Med Australas.
2013, 25:4-12. 10.1111/1742-6723.12033

3. Glaser J, Conti B, Murthi S: Cardiac ultrasound in the intensive care unit: point-of-care transthoracic and
transesophageal echocardiography. Ultrasonography in the ICU. Ferrada P (ed): Springer, 2015. 10.1007/978-
3-319-11876-5

4. Mark DG, Ku BS, Carr BG, et al.: Directed bedside transthoracic echocardiography: preferred cardiac window
for left ventricular ejection fraction estimation in critically ill patients. Am J Emerg Med. 2007, 8:894-900.
10.1016/j.ajem.2007.01.023

5. Murthi SB, Hess JR, Hess A, Stansbury LG, Scalea TM: Focused rapid echocardiographic evaluation versus
vascular cather-based assessment of cardiac output and function in critically ill trauma patients. J Trauma
Acute Care Surg. 2012, 72:1158-1164. 10.1097/TA.0b013e31824d1112

6. Vignon P, Chastagner C, François B, Martaillé J-F, Normand S, Bonnivard M, Gastinne H: Diagnostic ability
of hand-held echocardiography in ventilated critically ill patients. Crit Care. 2003, 4:12974974.
10.1186/cc2360

7. Bloom BA, Gibbons RC: Focused Assessment with Sonography for Trauma (FAST) . StatPearls (ed): Treasure
Island (FL) StatPearls Publishing, StatPearls [Internet]; 2019.

8. Lobo V, Hunter-Behrend M, Cullnan E, et al.: Caudal edge of the liver in the right upper quadrant (RUQ)
view is the most sensitive area for free fluid on the FAST exam. West J Emerg Med. 2017, 18:270-280.
10.5811/westjem.2016.11.30435

9. Whye D, Barish R, Almquist T, Groleau G, Tso E, Browne B: Echocardiographic diagnosis of acute pericardial
effusion in penetrating chest trauma. Am J Emerg Med. 1988, 6:21-23. 10.1016/0735-6757(88)90198-2

10. Teixeira PG, Inaba K, Hadjizacharia P, et al.: Preventable or potentially preventable mortality at a mature
trauma center. J Trauma. 2007, 63:1338-1346. 10.1097/TA.0b013e31815078ae

11. Spencer KT: Focused cardiac ultrasound: where do we stand? . Curr Cardiol Rep. 2015, 17:14.
10.1007/s11886-015-0567-y

12. Oren-Grinberg A, Talmor D, Brown SM: Focused critical care echocardiography. Crit Care Med. 2013,
41:2618-2626. 10.1097/CCM.0b013e31829e4dc5

13. Gunst M, Sperry J, Ghaemmaghami V, O'Keeffe T, Friese R, Frankel H: Bedside echocardiographic
assessment for trauma/critical care: the BEAT exam. J Am Coll Surg. 2008, 207:1-3.
10.1016/j.jamcollsurg.2008.05.027

14. Marum S, Price S: The use of echocardiography in the critically ill; the role of FADE (fast assessment
diagnostic echocardiography) training. Curr Cardiol Rev. 2011, 7:197-200. 10.2174/157340311798220449

15. Volpicelli G, Lamorte A, Tullio M, et al.: Point-of-care multiorgan ultrasonography for the evaluation of
undifferentiated hypotension in the emergency department. Intensive Care Med. 2013, 39:1290-1298.
10.1007/s00134-013-2919-7

16. Ferrada P, Evans D, Wolfe L, et al.: Findings of a randomized controlled trial using limited transthoracic
echocardiogram (LTTE) as a hemodynamic monitoring tool in the trauma bay. J Trauma Acute Care Surg.
2014, 76:31-37. 10.1097/TA.0b013e3182a74ad9

17. Ferrada P, Murthi S, Anand RJ, Bochicchio GV, Scalea T: Transthoracic focused rapid echocardiographic
examination: real-time evaluation of fluid status in critically ill trauma patients. J Trauma. 2011, 1:56-62.
10.1097/TA.0b013e318207e6ee

18. Mehta PA, Dubrey SW: High output heart failure . QJM. 2009, 102:235-241. 10.1093/qjmed/hcn147
19. Anand IS, Florea VG: High output cardiac failure . Curr Treat Options Cardiovasc Med. 2001, 2:151-159.

10.1007/s11936-001-0070-1

2019 Patel et al. Cureus 11(5): e4612. DOI 10.7759/cureus.4612 5 of 5

https://dx.doi.org/10.1111/1742-6723.12033
https://dx.doi.org/10.1111/1742-6723.12033
https://dx.doi.org/10.1007/978-3-319-11876-5
https://dx.doi.org/10.1007/978-3-319-11876-5
https://dx.doi.org/10.1016/j.ajem.2007.01.023
https://dx.doi.org/10.1016/j.ajem.2007.01.023
https://dx.doi.org/10.1097/TA.0b013e31824d1112
https://dx.doi.org/10.1097/TA.0b013e31824d1112
https://dx.doi.org/10.1186/cc2360
https://dx.doi.org/10.1186/cc2360
https://www.ncbi.nlm.nih.gov/books/NBK470479/?log$=activity
https://dx.doi.org/10.5811/westjem.2016.11.30435
https://dx.doi.org/10.5811/westjem.2016.11.30435
https://dx.doi.org/10.1016/0735-6757(88)90198-2
https://dx.doi.org/10.1016/0735-6757(88)90198-2
https://dx.doi.org/10.1097/TA.0b013e31815078ae
https://dx.doi.org/10.1097/TA.0b013e31815078ae
https://dx.doi.org/10.1007/s11886-015-0567-y
https://dx.doi.org/10.1007/s11886-015-0567-y
https://dx.doi.org/10.1097/CCM.0b013e31829e4dc5
https://dx.doi.org/10.1097/CCM.0b013e31829e4dc5
https://dx.doi.org/10.1016/j.jamcollsurg.2008.05.027
https://dx.doi.org/10.1016/j.jamcollsurg.2008.05.027
https://dx.doi.org/10.2174/157340311798220449
https://dx.doi.org/10.2174/157340311798220449
https://dx.doi.org/10.1007/s00134-013-2919-7
https://dx.doi.org/10.1007/s00134-013-2919-7
https://dx.doi.org/10.1097/TA.0b013e3182a74ad9
https://dx.doi.org/10.1097/TA.0b013e3182a74ad9
https://dx.doi.org/10.1097/TA.0b013e318207e6ee
https://dx.doi.org/10.1097/TA.0b013e318207e6ee
https://dx.doi.org/10.1093/qjmed/hcn147
https://dx.doi.org/10.1093/qjmed/hcn147
https://dx.doi.org/10.1007/s11936-001-0070-1
https://dx.doi.org/10.1007/s11936-001-0070-1

	Cardiac Ultrasound in the Intensive Care Unit: A Review
	Abstract
	Introduction And Background
	Review
	Different views
	FIGURE 1: (Panels A-D) Views from Four Different Patients

	Different types of FOCUS exams
	Hemodynamic echocardiography

	Conclusions
	Additional Information
	Disclosures

	References


