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Bubble 
Considerations

• Atrial septal anatomy

• Saline bubble administration

• Caveats and cases.



Anatomy of the Atrial Septum

Henry Gray (1918) Anatomy of the Human Body

https://en.wikipedia.org/wiki/Henry_Gray


Do this to prevent…

75 yo male with pulmonary 
embolism and acute kidney injury



Is there an age cut-off for bubble studies?



85 year old male at risk for stroke

• AFIB with 4+ LA dilation.

• Appendage occlusion device

• Atheroma

• PFO with shunt during snoring 



Study of 134 adults with cryptogenic 
stroke or migraine and suspected PFO

What is the best way to do a bubble study?

JASE 2020 Feb;33(2):201-206

Gold standard: TEE and/or fluoroscopy



TTE
3 injections of agitated saline into a 20 gauge antecubital vein :
MIX 1 mL air, 1 mL blood, and 8 mL saline 
REMOVE LARGE BUBBLES BEFORE INJECTION
INJECT during Valsalva.
Record at least 20 cardiac cycles per injection
1)At rest with no Valsalva to assess for pulmonary AV shunt
2)During Valsalva which was released immediately when 

bubbles opacified the RA. 
3)Repeat Valsalva and abdominal compression, releasing both 

with RA opacification 

JASE 2020 Feb;33(2):201-206

Note abdominal 
contraction.

Study compared 2 thresholds 
for positive PFO shunt:
1) 1+ bubble
2) 5+ bubbles



COMPRESS WITH CAUTION:

1. PREPARE THE PATIENT.

2. DO NOT PRESS IF ABDOMINAL SYMPTOMS OR 
DISEASE ARE PRESENT.

3. STOP IF CAUSING DISCOMFORT

4. LOOK AT THE PATIENT’S FACE TO RECOGNIZE 
DISCOMFORT.

Method:
Compress the right upper abdomen 
by 5 cm for 30 seconds







Findings:

Increased sensitivity by requiring 
5 bubbles in the left heart.

Abdominal compression during Valsalva 
maximizes accuracy.

JASE 2020 Feb;33(2):201-206



• Color Doppler is useful though less sensitive.  

• Harmonic imaging. Increase gain.

• Septal shift is more important than the 3/6 rule

• Better bubbles with blood

• Coughing is a second option

• DO NOT INJECT NON-AGITATED BUBBLES

• DO NOT INJECT WITH SIGNIFICANT RA→LA 
SHUNT ON COLOR DOPPLER

Methodolgy Caveats:





Increase accuracy by
1) Opacifying the RA
2) Observing the atrial septum shift → LA
3) Visualizing bubbles cross the septum
4) Detecting bubbles within 6 beats or with the septal shift

Note:
1) No shunt with good septal shift = No SHUNT
2) Transpulmonary shunting is more likely if

a) shunt is >3-6 beats after septal shift
b) bubbles exit the pulmonary veins

False Negatives:
1) Suboptimal RA opacification
2) The septum is shielded by IVC flow 
3)   Inadequate increase in RA pressure or septal shift
4)   High LA pressure from left heart pathology

False Positives:
1) Transpulmonary shunting (may be physiologic)
2) Confusion with chordae or trabeculation.
3) Smoke confused as bubbles
4) Cavitation

Bernard et al. J Am Soc Echocardiogr 2021;34:1-12



(Echocardiography 2015;32:1707–1719

>20

Criteria for Grading the Shunt



ANATOMICAL NUANCES AND TEE



Comparison of 57 pts with CS (on MRI) to 50 migraine pts without CS 
undergoing transcatheter PFO closure.

Cryptogenic stroke versus migraine patients 
undergoing PFO closure



• PFO Height: maximum septum primum - secundum 
separation in end-systole. ↑ height >2 mm.

• PFO tunnel length: maximum overlap length between 
the septum primum –secundum. ↑ length > 10 mm.

• ASA: >10 mm of septal excursion from the RA:LA midline 
or >15 mm total excursion.

• Hypermobile septum > 5 mm septal excursion in every 
heartbeat.

• Prominent Eustachian valve: >10 mm protrusion into RA.

• Large shunt: > 20 bubbles in the LA in a single frame.

• Low angle PFO: < 10 degree difference in the IVC-septal 
plane.  

2D morphology complements bubble study.



Be wary of washout:



J Cardiovasc Echogr. 2014 Oct-Dec; 24(4): 114–121.

Lipomatous Shielding of the Fossa Ovale

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5353567/


A LT to RT shunt may 
result in a negative 

bubble study.



Applications:
• Cryptogenic STROKE
• Migraine headaches
• RV dilation/dysfunction
• Hypoxemia
• Intra-/Extracardiac shunts
• Platypnea-orthodeoxia

(dyspnea and deoxygenation when upright; example ↑RA → LA shunt)

• Decompression sickness; paradoxical air embolism
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Are the bubbles confined to the RA/RV?
If not, where do they go? (LA, LV, AO, PA)



Bernard et al. J Am Soc Echocardiogr 2021;34:1-12

What are you seeing?



Bernard et al. J Am Soc Echocardiogr 2021;34:1-12

Answer: transpulmonary shunting (hereditary hemorrhagic teangiectasia)



Bernard et al. J Am Soc Echocardiogr 2021;34:1-12

What are you seeing?



Bernard et al. J Am Soc Echocardiogr 2021;34:1-12

Answer: negative contrast effect through an ASD



3 month old baby with cyanosis from a persistent left SVC → RA and LA 
shunt because of an unroofed coronary sinus

Important tip: Always inject in 
the left arm to rule out left 
sided SVC in patients with 
coronary sinus dilation.

Subcostal view CS→ RA

Subcostal view 
CS→ LA and RA

PLX: floppy CS



3 month old baby with cyanosis from a persistent left SVC → RA and LA 
shunt because of an unroofed coronary sinus

Subcostal view CS 
contrast shunts to 
RA and than LA



Platypnea orthodeoxia syndrome—Dyspnea and hypoxia in upright posture
Bicaval TEE View

Supine Sitting



65 year old female referred for left atrial 
appendage occlusion for atrial fibrillation.



Femoral vein catheters emerged from SVC rather than 
IVC



Femoral injection of saline bubbles emerged from the SVC rather than the IVC





What going on????

RadioGraphics 2000; 20:639–652

Azygos Continuation of an interrupted IVC 



Acquired systemic to pulmonary venous shunt

• 68 year old male, DM, HTM, admitted for CVA 



Eur Heart J Cardiovasc Imaging, Volume 16, Issue 12, December 2015, Page 1405, https://doi.org/10.1093/ehjci/jev205

The content of this slide may be subject to copyright: please see the slide notes for details.

6 years before, negative TEE for endocarditis.
Saline bubbles in RA only.

https://doi.org/10.1093/ehjci/jev205


Eur Heart J Cardiovasc Imaging, Volume 16, Issue 12, December 2015, Page 1405, https://doi.org/10.1093/ehjci/jev205

The content of this slide may be subject to copyright: please see the slide notes for details.

Subclavian 
vein stenosis

co
llaterals

Developed ESRD and LT subclavian thrombosis from catheter.
.

CT: subclavian vein stenosis increased venous pressure 
→ collateral channels to LT upper pulmonary vein and LA.

https://doi.org/10.1093/ehjci/jev205


Eur Heart J Cardiovasc Imaging, Volume 16, Issue 12, December 2015, Page 1405, https://doi.org/10.1093/ehjci/jev205

The content of this slide may be subject to copyright: please see the slide notes for details.

6 years before,  RA bubbles only.
Repeat bubble study after subclavian 
vein thrombosis opacified the LA first

https://doi.org/10.1093/ehjci/jev205


Take-aways

• Atrial septal anatomy is nuanced (esp w/ TEE)

• Consider adjusting bubble administration
• Give during Valsalva and abdominal compression

• Release when bubbles enter the RA

• Go for 5

• There are many indications for bubble studies.

• Age cut-off should be nuances with other findings.


