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Abstract: 

Transthoracic echocardiography is a noninvasive method, cost-effective, portable, and undeniable 

which use to determine the cardiac function and disease from the critically ill patients. The ability of 

echocardiography to yields an accurate hemodynamic Doppler gating signal data (blood flow velocity, 

direction and flow patterns). The spatial temporal resolution, suboptimal quality image are extremely useful 

in the ICU setting and expertise in ICU is a time-consuming and challenging to their potential findings. The 

study of transthoracic echocardiography is depends on the handling of transducer or probe and the 

knowledge about the augmentation of the ultrasound settings using specialized ultrasound doppler 

machines. Transthoracic echocardiography is achieved by using different acoustic cardiac windows - 

parasternal long- axis views and short-axis views, apical four chamber views, apical five chamber views, 

and subcostal view), Doppler  have  the different modes Such as continuous wave, pulse wave, Single angle, 

and vector are  apply to acquired the cineloops and acoustic cardiac window of doppler spectrum. The 

standardized views are characterized by specific cardiac structures and their positioning in the scanning 

sector.  Every standardized orientation is highly mimeo graphically documented. So, those cardiac structures 

can be visualized in a specific manner by transthoracic echocardiography. 

Key words: Transthoracic echocardiography, parasternal long- axis views and short-axis views, apical 

four chamber views, apical five chamber views, subcostal view and ultrasound doppler machines. 

Introduction 

Echocardiogram: 
An echocardiogram (echo=sound + card=heart + gram=drawing) is a ultrasound test, uses sound 

waves that can appraise the architecture of the heart, in addition to the direction of blood flow within it. The 

heart is a double pump that circulates blood throughout the body. The anatomy includes four chambers two 

at the top (the atria) and two at the bottom (the ventricles) and four valves (The mitral valve and tricuspid 

valve, also known as atrioventricular valves, which controls the blood flow from atria to ventricles. 

The aortic valve and pulmonary valve also known as semilunar valves, which controls the blood flow out of 

ventricles). The heart works normally; these structures are essentially required to integrate with involuntary 

muscle and striated muscle of cardiac to beat in a coordinated configuration, so that blood flows in and out 

of particular chamber in the appropriate direction. The echocardiography ultrasound images and videos are 

taken by using a special probe- standard 8 MHz probe or transducer that is placed in various places on the 

chest wall, to view the heart from different orientation by specially trained technicians. Cardiologists or 

heart specialists are appraising these images to assess heart function and provide a report of the results.  

http://www.ijcrt.org/
https://www.medicinenet.com/ultrasound/article.htm
https://www.medicinenet.com/heart_disease_pictures_slideshow_visual_guide/article.htm
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Types of echocardiograms: 

Transthoracic echocardiogram:   

The echocardiographer places the standard 8 MHz probe or transducer, on the chest wall and 

bounces the ultra sound waves off the structures of the heart. The return wave signals are received by the 

same transducer converts the digital signals in to images seen on the screen by computer software –Cardio 

Report ware or EchoPAC-3D software. It is a painless test and does not use ionizing radiation. There are no 

risk factors linked with a transthoracic echocardiogram. 

Transesophageal echocardiogram: 

In critical situations, a proper and clearer view of the heart ultrasound echocardiography image is 

required and instead of placing the standard 8 MHz probe or transducers on the chest wall, a cardiologist 

will directs the probe through the mouth into the esophagus. The esophagus is a straight muscular thin 

hollow tube, about 8 inches long, which travels behind the trachea and heart and the ultrasound waves can 

travel to the heart without any hindrance of the ribs and muscles of the chest wall. This test regularly 

requires intravenous treatments to lay back the patient. Because of the sedation, proper observation will also 

be used to detect the blood pressure and oxygen levels from the blood. 

Doppler echocardiogram: 

  In extension to high-frequency ultrasound waves bouncing off the solid structures of the heart, they 

also bounce off the red blood cells as they circulate through the heart chambers. Doppler ultrasonography 

technology, which used to measuring the speed and analyze of blood flow direction, supporting the 

increased amounts of quality information available from the test (heart size, heart beats, heart valve and 

pumping mechanisms, displaying a cross-sectional view of the chambers, valves- four valves for leaks and 

other abnormalities and the major blood vessels, measures the speed and direction of the blood flow within 

the heart). The   2D Echo Reporting Software can added the Color flow Doppler mappings to allow the 

abnormal blood flow was elucidated by the cardiologist. 

                                               Doppler echocardiogram   

 
Stress echocardiogram:  

  An echocardiography stress test is otherwise known as stress echo is a technique, to help uncovered 

abnormalities and variation from the heart wall, cardiac muscle function, Blood clots, Bulging arteries and 

http://www.ijcrt.org/
https://www.medicinenet.com/image-collection/esophagus_picture/picture.htm
https://www.medicinenet.com/image-collection/blood_pressure_picture/picture.htm
https://www.medicinenet.com/complete_blood_count/article.htm
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Narrowing of an artery. The patient may be asked to exercise on a treadmill; stress can be triggered and 

monitors your blood pressure and heart rhythm. 

Methods: 

Transthoracic Echocardiography: 

The basic five transthoracic echocardiography views 

          

The transducer or probe is placed in various multiple areas of the chest. These areas are commonly 

referred to as windows. There are five standard views used in transthoracic echocardiography (parasternal 

long- and short-axis views, apical four chamber views, apical five chamber views, and subcostal view of the 

heart and observation of the inferior vena cava. The suprasternal view is occasionally used in emergency 

cardiac patient). The order, structure or number of views /contour may change, however, depending upon 

the resources of the echocardiogram.  For example, during invigoration, only the subcostal view may be 

observed in order to further chest compressions.  The clinical situation allows the patient roll to the left and 

if possible put their left hand up behind their head. These drop the heart away from behind the sternum and 

opens up the rib spaces.        

Parasternal Long Axis View (PLAX): 

The parasternal long axis (PLAX) view is achieved by placing the transducer or probe in the 3rd and 

5th  intercostal spaces with the marker orientated towards the right clavicle (patients right shoulder 

approximately 11 o’clock) rotate the probe until the heart comes in to view. A structured approach is 

required to investigate the pericardial space; if there is pericardial fluid (5-15ml above) demonstrated the 

tamponade physiology, pericardial fluid lies anterior to descending aorta-pleural effusion dorsal. The 

parasternal long axis is an excellent overview image of the heart. This parasternal window commonly used 

for calculating the aortic root and LA, LV chamber dimensions  LV wall thickness, mitral , aortic valves  

and anterior structures, such as the RV  pericardial effusions and Systole. 

Parasternal Short Axis View (PSAX): 

 Parasternal Short Axis View is achieved by placing the transducer or probe in the 90 degrees (it is 

perpendicular to the long axis of the LV) from PLAX in counterclockwise direction you will obtain a short-

axis (PSAX) view. This orientation cross-sectional view of the chambers slices through the heart on a long 

axis from base to apex. 

http://www.ijcrt.org/
https://www.medicinenet.com/exercise/article.htm
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The principal applications of this sight view in basic echo are to determine the relative shapes and 

sizes of the two ventricles in suspected pulmonary embolism (PE) and to visually appraise the LV function, 

Echocardiography Correlates the Global and Segmental Wall Motion Abnormalities. It’s also useful for 

confirming suspected pericardial effusion.  The shapes and sizes of the ventricles are investigated; the LV 

must be bigger than the RV. The LV should be round in shape and symmetric, the left ventricle should be in 

the middle of the screen and the RV is crescent shaped, this relationship is contrariwise in acute cor 

pulmonale due to pulmonary embolism. Parasternal Short Axis View used to observe the 3 main levels of 

imaging: aortic valve, mitral valve, papillary muscle and mid-ventricle. 

Apical Four Chamber View (A4C): 

The transducer or probe is placed at the point of palpable apical beat region; otherwise it is placed in 

the 5th intercostal space near the anterior axillary (left) line. The beam is directed up towards the patient’s 

head, rotated the transducer and the marker is at around 3 o’clock. this orientation is helpful for the 

identification circumferential pericardial effusions and explaining the tamponade physiology (right sided 

diastolic chamber collapse) by examine the pericardial space and pericardial fluid, as well as RV dilation in 

massive (RV/LV ratio <0.6 indicates normal RV size, a RV/LV ratio of 0.6 to 1.0 indicates moderate RV 

dilatation and an RV/LV ratio >1.0 indicates severe dilation) and submassive pulmonary embolism. LV 

apex must be at the top of the screen with the atria visualized directly below a normal size .MV annulus 

moving up and down, suggesting good long axis function of the LV Measure the IVC and assess its 

collapsibility. 

                

http://www.ijcrt.org/
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 Apical 5 chamber view:   

  The apical 5 chamber view is achieved by placing transducer or probe slightly move towards 

upwards (angle up direction): the tricuspid valve and RA will go out of the imaging plane; the aorta will 

appear in the middle of the screen. Sometimes transducer placed higher in the first intercostal space, lateral 

to have improved positioning of your ultrasound beam with the LV out flow tract. You should have a good 

apical 4 chamber view and objective to visualize the 5th chamber:  aorta. Since the aorta is the most 

anterior. Apical 5 chamber view is a good view to assess only the aortic valve, LVOT and their relations to 

the interventricular septum and mitral valve-Ao: left ventricle outflow tract and initial aorta. Apical 5 

chamber view is not very good views to look at the structure of the aortic valve, parasternal views are better. 

In apical 5 chamber view, you will be ideally located to assess aortic regurgitation and/or aortic stenosis. In 

this view you can quantitate the severity of aortic stenosis with CW-Doppler since your Doppler beam 

should be well aligned with the LVOT. 

 

 

 

 

 

Sub costal View:  

The transducer or probe is placed below and hardly noticeable to the right of the xiphisternum. The 

side marker is in the 3 o’clock position. In this view anterior structures such as the RA and RV are at the top 

of the image.  

Sub costal View 

 

http://www.ijcrt.org/
https://web.stanford.edu/group/ccm_echocardio/cgi-bin/mediawiki/index.php/File:Schema_A5C.jpg
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 Posterior structures such as the LA and LV are seen toward the bottom of the screen. You can 

evaluate the 4 chambers, septum, mitral and tricuspid valves. This subcostal short axis otherwise known as 

subcostal saggital view is an excellent view to profile the  superior vena cava (SVC), ( Counterclockwise 

rotation will open up the inferior vena cava) IVC and atrial septum (The vessel has to be visualized in a true 

long axis together with the inferior vena cava/right atrial junction), detect the pericardial effusion from this 

view. This window may contribute the attainable view in professionally difficult, patients who are accepting 

mechanical ventilation or with chronic obstructive pulmonary disease.  

Color Doppler in Apical Five chamber:                                                

With color Doppler, 2-D echocardiogram shows regurgitation or acceleration around the aortic out 

flow tract and left ventricular enlargement. An aortic regurgitation will appear as a red (going toward the 

probe) flow, in diastole, from the aorta to the left ventricle. An aortic or sub-aortic stenosis will be suspected 

if there is acceleration (mosaic flow or aliasing) in this area. For example: the degenerative aortic cusps with 

aortic stenosis. 

              Aortic regurgitation                                     BART scale 

   

Assessment of Systolic Function: 
 

A large number of ECHO cardiography systolic function parameter assessments were published. 

Most of them are more complicated for the everyday clinical practice but only have scientific value. The 

traditional systolic functional ECHO measurements are M-mode, two dimensional (2D), derived volume 

changes, cardiac output (CO), Systolic index, Global longitudinal strain (GLS) with speckle tracking 

echocardiography (STE) and Color Doppler derived ejection  such as fractional shortening (FS) and ejection 

fraction (EF), shortening of velocity circumferential fibre (Vcf), variation in peak and mean pressure and  

time intervals of systolic .  

http://www.ijcrt.org/
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Normal cardiac chamber sizes and the wall thickness (adult): 

  Internal diameter LV (in diastole) 3.5-5.7cm (4-6cm roughly), Internal diameter RV diameter (in 

diastole) 0.9-2.6cm (1-3cm roughly),RV diameter < 0.6 x LV diameter, LV wall / IV septum in diastole 

<1.1cm (note that walls should thicken by about 50% in systole), RV free wall < 0.6cm in diastole,  Internal 

diameter of LA, RA & Ao root each < 4cm. 

 

 

 

http://www.ijcrt.org/
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Reference ranges from 2D and M-mode echocardiography: Lang et al 2005 

 

Parameter  Female  Male  

Left atrium (mm)  27–38  30–40  

Left ventricle diastolic 

diameter (mm)  

39–53  42–59  

Interventricular septum 

(mm)  

6–12  6–13  

Left ventricle posterior wall 

(mm)  

6–12  6–13  

Left ventricle diastolic 

volume (ml)  

56–104  67–155  

Left ventricle systolic 

volume (ml)  

19–49  22–58  

Left ventricle ejection 

fraction (%)  

>55  >55  

Right ventricle diameter 

(base) (mm)  

20–28  20–28  

Right ventricle diameter 

(mid) (mm)  

27–33  27–33  

 

Reference ranges for Doppler parameters: Rakowski et al 1996, †Bonow et al 2006 

 

Mitral valve E wave/A wave ratio*  1–2 

Mitral valve E deceleration time 

(milliseconds)* 

100–200 

Aortic valve peak velocity (metres/second)† <1.7 

Pulmonary valve peak velocity 

(metres/second)† 

<1.6 

 

 

Reference ranges: Mitral valve 

Age  35–44  45–54  55–64  65–75  
P -value 

(ANOVA)   

E (cm/s)  75.0 ± 15.3  72.5 ± 14.7  74.1 ± 16.7  64.7 ± 14.8  0.01  

A (cm/s)  57.5 ± 12.4  63.1 ± 13.9  72.0 ± 17.9  71.8 ± 16.7  <0.001  

 

 

http://www.ijcrt.org/
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Reference ranges: Pulmonary valve 

  Mild Moderate Severe 

Peak velocity (m/s) <3 3-4 >4 

Peakgradient (mmHg) <36 36-64 >64 

 

Reference ranges: Aortic valve 

 Aortic sclerosis Mild Moderate Severe 

Aortic jet velocity 

(m/s) 
≤2.5 m/s 2.6-2.9 3.0-4.0 >4.0 

Mean gradient 

(mmHg) 
- <20 (<30a) 20-40b (30-50a) >40b (>50a) 

Reference ranges: Tricuspid valve 

 Mild Moderate Severe 

Peak velocity (m/s) <3 3-4 >4 

Peak gradient 

(mmHg) 
19.3±4 36-64 >64 

Result and discussions: 

Presenting Complaints: 

69 years old male, known diabetic, presented with complained of chest pain. Troponin I high 

sensitivity: 2911, ECG taken revealed acute inferior wall myocardial infarction. Echo done revealed 

minimal minimal hypokinesia apical inferior wall of LV, normal systolic function, LV EF: 59%, Grade I LV 

Diastolic dysfunction, No mitral regurgitation, aortic valve sclerosis (+), No aortic regurgitation/ aortic 

stenosis, No LV clot, No  pulmonary hyper tension.  

Physical & Systematic Examination: 

BP: 130/90 mm Hg, pulse: 62/min,Temp:98.6 ºF ,SPO2: 98% in room air, CVS:S1 S2(+), RS : 

BAE(+), NVBS,P/A: SOFT,BS (+),CNS: NFND. 

ECHO cardiogram:  

                             M-Mode                                                               LV-M-Mode 

 

                                    Tricuspid valve:                                                     Aortic valve:                                                                                                                

     (E Peak velocity &A Peak gradient)               (E Peak velocity &A Peak gradient)   

http://www.ijcrt.org/


www.ijcrt.org                                          © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1893100 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 654 
 

 

 

                                   

                     Mitral valve:                                                2D measurement                                                       

       (E Peak velocity &A Peak gradient)                             

 

M-Mode Ranges 

 

RV 1.92cm 

AO 2.44cm 

LA 2.82cm 

2D-Mode LA: 3.56cm × 2.87cm 

RA:3.56cm × 2.57cm 

   

 

 

http://www.ijcrt.org/
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LV-M-Mode Diastole Systole 

IVS 0.763cm 1.03cm 

LV  4.58cm 3.13cm 

LVPW 0.839cm 1.14cm 

EDV & ESV 96.3 ml 38.8cm 

LV EF & FS 59% 31% 

Doppler: 

Mitral 

 

E :68.9 cm/s 

 

A : 91.2 cm/s 

Pulmonary 

 

Peak velocity: 99.1 cm/s 

 

Peak Gradient :4 mmhg 

Aortic Peak velocity: 136cm/s Peak Gradient :7mmhg 

Tricuspid 

 

Peak velocity:210 cm/s Peak Gradient : 18mmhg 

                                                                      Conclusion: 

Transthoracic echocardiography is a noninvasive method, cost-effective, portable, and undeniable 

which use to determine the cardiac function and cardiac disease. The spatial temporal resolution, suboptimal 

quality image are extremely useful in the ICU setting and expertise in ICU is a time-consuming and 

challenging to their potential findings. Stress echo cardiography and SPECT myocardial perfusion imaging 

(MPI) are considered an equivalent diagnostic test. 

Acknowledgements: 

The authors deliver their sincere gratitude to The Chairman (Sri.B.B.Mohankumar), The Joint 

Managing Director (sabarish mohankumar) and General Manager (Mr. Murali), Chennai National 

Hospital,12, Jaffer Syrang Street, Parry’s, Chennai-600001for providing their support to carry out this 

research works. 

References: 

1. Ahmad O, Ahmad KE, Dear KB, Harvey I, Hughes A, Lueck CJ. Echocardiography in the detection 

of cardioembolism in a stroke population. J Clin Neurosci. 2010 May;17(5):561-5. 

2. Barnett S (2001) Current status of safety of diagnostic ultrasound. Hosp Med 62(12): 726–7 

3. Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, et al. Echocardiographic 

assessment of valve stenosis: Eae/ase recommendations for clinical practice. Eur J Echocardiogr. 

2009;10:1–25. 

4. Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin BP et al. 

Echocardiographic assessment of valve stenosis: EAE/ASE recommendations for clinical practice. 

Eur J Echocardiogr 2009; 10(1):1-25. 

http://www.ijcrt.org/


www.ijcrt.org                                          © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1893100 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 656 
 

 

5. Becher H, Chambers J, Fox et al (2004) BSE procedure guidelines for the clinical application of 

stress echocardiography, recommendations for performance and interpretation of stress 

echocardiography. Heart 90: vi23–vi30 

6. Chambers J, Masani N, Hancock J, Graham J, Wharton G, Ionescu A (2005) A minimum dataset for 

a standard adult transthoracic echocardiogram. Echo Th e Journal of the British Society of 

Echocardiography January 15-17. 

7. Cheitlin MD, Armstrong WF, Aurigemma GP, Beller GA, Bierman FZ, Davis JL, et al. TheACC/ 

AHA/ASE 2003 guideline update for the clinical application of echocardiography summary article: a 

report of the American College of Cardiology/American Heart Association Task Force on Practice 

Guidelines (ACC/AHA/ASE Committee to Update the 1997 Guidelines for the Clinical Application 

of Echocardiography). J Am Coll Cardiol. 2003;42:954–70. 

8. Cholley BP, Vieillard-Baron A, Mebazaa A (2006) Echocardiography in the ICU: time for 

widespread use! Intensive Care Med 32:9–10 

9. Costa JM, Tsutsui JM, Nozawa E, Morhy SS, Andrade JL, Ramires JF, Mathias W Jr (2005) 

Contrast echocardiography can save nondiagnostic exams in mechanically ventilated patients. 

Echocardiography 22:389–94 

10. Dal-Bianco JP, Sengupta PP, Mookadam F, Chandrasekaran K, Tajik AJ, Khandheria BK. Role of 

echocardiography in the diagnosis of constrictive pericarditis. J Am Soc Echocardiogr. 2009;22:24–

33; quiz 103–104. 

11. DeCara JM, Lang RM, Spencer KT (2003) The hand-carried echocardiographic device as an aid to 

the physical examination. Echocardiography 20:477–85 

12. Evangelista A, Flachskampf F, Lancellotti P, Badano L, Aguilar R, Monaghan M et al. European 

Association of Echocardiography recommendations for standardization of performance, digital 

storage and reporting of echocardiographic studies. Eur J Echocardiogr 2008; 9(4):438-448. 

13. Habib G, Badano L, Tribouilloy C, Vilacosta I, Zamorano JL,Galderisi M, Voigt JU, Sicari R, 

Cosyns B, Fox K, Aakhus S. Recommendations for the practice of echocardiography in infective 

endocarditis. Eur J Echocardiogr. 2010;11:202–219. 

14. Hagendorff A, Stobe S, Tarr A, Pfeiffer D. [Special echocardiographic diagnosis and specific prblem 

constellations in patients with degenerative stenosis of the aortic valve]. Ultraschall Med 2013; 

34(3):214-232. 

15. Khan MA, Khealani B, Hameed B, Kamal A, Wasay M, Syed NA. Diagnostic yield of transthoracic 

echocardiography for stroke patients in a developing country. J Pak Med Assoc. 2008 Jul;58(7):375-

7. 

16. Lancellotti P, Tribouilloy C, Hagendorff A, Moura L, Popescu BA, Agricola E et al. European 

Association of Echocardiography recommendations for the assessment of valvular regurgitation. Part 

1: aortic and pulmonary regurgitation  (native valve disease). Eur J Echocardiogr 2010; 11(3):223-

244. 

17. Lancellotti P, Tribouilloy C, Hagendorff A, Moura L, Popescu BA, Agricola E, Monin JL, Pierard 

LA, Badano L,Zamorano JL. European association of echocardiography recommendations for the 

assessment of valvular regurgitation. Part 1: Aortic and pulmonary regurgitation (native valve 

disease). Eur J Echocardiogr. 2010;11:223–244. 

18. Manasia AR, Nagaraj HM, Kodali RB, Croft LB, Oropello JM, Kohli-Seth R, Leibowitz AB, 

DelGiudice R, Hufanda JF, Benjamin E, Goldman ME (2005 Apr) Feasibility and potential clinical 

utility of goal-directed transthoracic echocardiography performed by noncardiologist intensivists 

using a small hand-carried device (SonoHeart) in critically ill patients. J Cardiothorac Vasc Anesth 

19(2):155–8 

19. Margossian R, Schwartz ML, Prakash A, Wruck L, Colan SD, Atz AM, et al. Comparison of 

echocardiographic and cardiac magnetic resonance imaging measurements of functional single 

ventricular volumes, mass, and ejection fraction (from the Pediatric Heart Network Fontan Cross-

Sectional Study). Am J Cardiol. 2009; 104:419–428 

20. Meenan RT, Saha S, Chou R, Swarztrauber K, Pyle KK, O'Keeffe-Rosetti MC, et al. Cost-

effectiveness of echocardiography to identify intracardiac thrombus among patients with first stroke 

or transient ischemic attack. Med Decis Making. 2007 Mar;27(2):161-77. 

21. Milan A, Magnino C, Veglio F. Echocardiographic indexes for the non-invasive evaluation of 

pulmonary hemodynamics. J Am Soc Echocardiogr 2010; 23(3):225-239. 

http://www.ijcrt.org/


www.ijcrt.org                                          © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1893100 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 657 
 

 

22. Nash PJ, Kassimatis KC, Borowski AG, Martin MG, Reynolds KM, Garcia CA, Morehead AJ, 

Thomas JD (2004) Salvage of nondiagnostic transthoracic echocardiograms on patients in intensive 

care units with intravenous ultrasound contrast. Am J Cardiol 94:409–11 

23. Neskovic AN, Hagendorff A, Lancellotti P, Guarracino F, Varga A, Cosyns    B et al. 

Emergency echocardiography: the European Association of Cardiovascular Imaging 

recommendations. Eur Heart J Cardiovasc Imaging 2013; 14(1):1-11. 

24. Pepi M, Evangelista A, Nihoyannopoulos P, Flachskampf FA, Athanassopoulos G, Colonna 

P, et al. Recommendations for echocardiography use in the diagnosis and management of cardiac 

sources of embolism: European Association of Echocardiography (EAE) (a registered branch of the 

ESC). Eur J Echocardiogr. 2010 Jul [cited 2014 Sep 25];11(6):461-76. 

25. Rhodes J, Margossian R, Sleeper LA, Barker P, Bradley TJ, Lu M, et al. Pediatric Heart Network 

Investigators. Non-geometric echocardiographic indices of ventricular function in patients with a 

Fontan circulation. J Am Soc Echocardiogr. 2011;24(11):1213–9. 

26. Vignon P (2005 Jun) Hemodynamic assessment of critically ill patients using 

echocardiography Doppler. Curr Opin Crit Care 11(3):227–34 

27. Vuille C, Buser P, Jeanrenaud X, Lerch R, Seiler C, et al. Recommendations for quality maintenance 

in echocardiography. Cardiovascular Medicine. 2009;12:22–23. 

 

 

 

 

http://www.ijcrt.org/

