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Saline Contrast Echocardiography in the Era of
Multimodality Imaging—Importance of “Bubbling It
Right”
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Saline contrast echocardiography is an established imaging modality. Logical interpretation of a care-
fully performed study is vital to realize its diagnostic potential. In this review, we discuss utility of saline
contrast echocardiography in evaluation of various pathologies within and outside the heart other than
a patent foramen ovale. (Echocardiography 2015;32:1707–1719)
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Introduction:
Saline contrast echocardiography (SCE) using
agitated saline is an established, simple, inexpen-
sive and yet surprisingly effective diagnostic tool
that might help in solving a vexing diagnostic
problem. Though the use of SCE is known since
1968,1 this test is underutilized in clinical prac-
tice. Mapping the path of blood flow with the
help of microbubbles provide diagnostic cer-
tainty that is useful even in the era of color flow
mapping. Color flow mapping can sometimes be
hampered by poor echogenicity and other tech-
nical factors whereas the SCE provides clearer
information. This simple test might obviate the
need of more expensive tests like magnetic reso-
nance imaging (MRI) or computed tomography
(CT) in some cases, or aid in their interpretation
in the clinical context. SCE is well established for
detection of patent foramen ovale (PFO). There
has been a growing list of clinical entities that
can be diagnosed with SCE provided it is per-
formed and interpreted appropriately. In this arti-
cle, we briefly review the utility of SCE in
evaluation of various structural defects other than
PFO, with clinical examples.

Saline contrast echocardiography:
Physiological basis:
During echocardiography, blood appears black
because sound scattered by red blood cells is

weak compared to the adjacent tissues at the
usual frequencies employed. The reflection of
ultrasound waves by gas filled microbubbles is
muchmore compared to adjacent tissues. This dif-
ference in echogenicity between microbubbles
and tissues enhances backscatter to produce a
unique sonographic image with increased con-
trast.2,3 The microbubbles produced by an injec-
tion of agitated saline are too large to cross
pulmonary capillaries and therefore in the absence
of a right-to-left shunt these remain confined to
the right side of the heart. Such a study is labelled
as “negative contrast echocardiogram” (Fig. 1
and movie clip S1). The appearance of these
microbubbles in the left atrium (LA), left ventricle
(LV) or aorta, commonly referred to as “positive
contrast echocardiogram,” is diagnostic of a
right-to-left shunt. Few bubbles in a healthy indi-
vidual may appear due to physiologic intrapul-
monary shunt especially in the phase of hypoxia.
This intrapulmonary shunting resolves with the
resolution of underlying illness or oxygen supple-
mentation and does not warrant further evalua-
tion particularly if not relevant clinically.4,5

Preparation and injection of agitated saline:
A large bore intravenous cannula is placed in
either of the arms. The selection of arm varies
from laboratory to laboratory. Our own prefer-
ence is to use left arm considering high incidence
of persistent left superior vena cava (SVC) espe-
cially in structurally abnormal hearts. 5–10 mL of
0.9% saline is then mixed with 0.2–1 mL air and
agitated using two 10 mL syringes connected
through a three-way stopcock. This saline air mix-
ture must be inspected carefully and any visible
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bubble must be discarded before injection. The
scattered echos emanating from this solution can
be further improved by mixing small amount of
patient’s own blood albeit at an increased risk of
contamination.6,7 This agitated saline air mixture
is then injected rapidly. The echocardiogram
machine is set to record at least 20 cardiac cycles
after starting the acquisition which must coincide
with the injection of agitated saline. The
recorded echo loops are then analyzed offline for
the sequence of microbubbles appearance in var-
ious cardiac chambers. If the clinical suspicion is
high the injections must be repeated using the
same intravenous access as well as from the other
hand and lower limb. Also, the injections may
need to be repeated with imaging in different
echocardiographic views.

Interpretation:
The return of bubble contrast into the left side is
proportionate to the size of the right-to-left
shunt. Based on the opacification, SCE can be
graded as grade 0 – No bubbles; grade 1, occa-
sional filling with <20 bubbles; grade 2, >20 bub-
bles but incomplete opacification; and grade 3,
complete, intense opacification.8 Higher is the
grade of opacification higher is the specificity of

SCE especially while evaluating intrapulmonary
shunts.8

Safety of saline contrast echocardiography in
patients with right-to-left shunt:
Air embolism because of injection of agitated sal-
ine for SCE is very rare with reported incidence of
0.062% in a multicenter survey.9 In a recent ser-
ies, none of the 281 patients had any adverse
event.10 In another study of 132 patients of
hereditary hemorrhagic telangiectasia with grade
3 shunt only 2% (three) patients had paresthesia
and migraine while none of the patients with
shunt less than grade 3 had any adverse event.7

Further, these episodes are transient with no
residual neurologic deficits making SCE a safe
diagnostic tool.11–13 In our own experience, we
have not observed a serious neurological event
during the study even in patients with significant
right-to-left shunt in more than few 100 patients
studied over the years.

Saline contrast echocardiography for
structural abnormalities:
SCE for detection of PFO is well established. We
present clinical scenarios showing the utility of
SCE in evaluation of patients with suspected
structural defects other than PFO.

Excluding right-to-left shunt as the cause of
systemic desaturation:
Persistent cyanosis is almost always indicative of
congenital heart disease (CHD). Rarely it occurs
due to abnormal hemoglobin. A negative SCE
study in such a situation excludes the right-to-left
shunt as a cause of cyanosis.

A 14-year-old boy presented with mild cya-
nosis since early childhood. He did not have
any other symptoms. The respiratory and car-
diovascular examination was normal. Chest
radiograph, electrocardiogram and echocardio-
gram also did not suggest any abnormality. SCE
was then performed during which microbubbles
remained confined to the right atrium (RA),
right ventricle (RV) and pulmonary artery (PA)
i.e., negative SCE (Fig. 1 and movie clip S1).
Further evaluation confirmed the presence of
Methemoglobinemia.

Detection of intracardiac shunt:
Left-to-right shunt: In the era of color Doppler
imaging, left-to-right shunts are diagnosed with
relative ease. Suboptimal echocardiography win-
dow may however make the detection difficult.
In the absence of good subcostal window the
identification of even large atrial septal defect
(ASD) may not be easy. Apical four-chamber view
may show false echo drop out and lead to

Figure 1. Saline contrast echocardiogram with microbub-
bles confined to right side cardiac chambers, normal or nega-
tive contrast study. LA = left atrium; LV = left ventricle; RA =
right atrium; RV = right ventricle.
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erroneous diagnosis of ASD. In addition, occa-
sionally flow from coronary sinus (CS) or inferior
vena cava (IVC) may be mistaken as an ASD. SCE
in these situations can easily confirm the pres-
ence of ASD by demonstrating an area of bub-
ble-free space (negative shadow) within the RA,
close to the septum due to blood flowing left to
right. This feature of SCE is rarely utilized but can
be helpful. Similarly, left-to-right shunt in aor-
topulmonary window (APW) may be detected by
negative shadow and might be helpful especially
in patients with pulmonary arterial hypertension
(PAH).

Right-to-left shunt:
Anomalous drainage of systemic veins to the
left atrium:
Anomalies of systemic venous connection are
uncommon yet important cause of right-to-left
shunt. In the most common type, left SVC is per-
sistent and drains into LA either directly or
through unroofed CS and is easily detectable
with SCE with the injection made in the left arm.

Persistent left SVC to LA direct or via deficient
coronary sinus—Persistent left SVC is seen in
approximately 0.5% of population. In majority
left SVC drains into RA through dilated CS. Left
SVC sometimes drains anomalously to LA either
directly or via completely deficient CS, better
known as unroofed CS. Uncommonly there is
incomplete deficiency in CS (partial unroofing
of CS). Routine echocardiography can detect
anomalous connection of left SVC to LA and
unroofed CS. The diagnosis of partial unroofing
of the CS however remains challenging. Persis-
tent left SVC with unroofing of CS is more fre-
quent in congenitally malformed hearts
particularly with atrial isomerism and hetero-
taxy.

A 3-month-old infant was brought to the
outpatient department with complain of mild
cyanosis. The clinically examination was unre-
markable except mildly reduced systemic satura-
tion (SpO2 94%). The echocardiogram showed
small ASD shunting left to right. Interestingly
the CS was extremely floppy that protruded
into the mitral valve during ventricular diastole
although with no impairment of valve function
(Fig. 2A). Left SVC was persistent which drained
normally into the RA through CS. Although
floppy wall of the CS aroused suspicion of
unroofing it could not be demonstrated. SCE
was then performed with the injection in the
left arm vein during which the bubbles
appeared first in the CS and then filled the RA
(Fig. 2B and movie clip S2). More importantly,
bubbles were seen entering in to the LV directly

from the CS confirming the diagnosis of partial
unroofing (Fig. 2C and movie clip S2).

Even in the current era of multimodality imag-
ing SCE was the best suited investigation for the
present case. Thin and floppy wall of the CS
would have made anatomical diagnosis with
both CT as well as MRI difficult. Further, this
right-to-left shunt might escape detection if SCE
is performed only from the right arm.14

Persistent left SVC to LA via left upper pulmonary
vein—Rarely left SVC is reported to drain into LA
through left upper pulmonary vein (LUPV)15,16

Unlike direct connection or connection via CS
microbubbles in this situation enters LA through
the pulmonary vein mimicking intrapulmonary
shunt (see later). Had it been only right arm injec-
tion for SCE, the diagnosis of left SVC to LUPV
shunt would have remained obscured.16

Right SVC to LA—In hearts with normal connec-
tions right sided SVC is dominant and connects
to the RA. Rarely this right SVC connects anoma-
lously to the LA. The cyanosis may be too subtle
to be noticed and the echocardiogram in such a
patient appears almost normal except for some
dilatation of the LA and LV. Direct identification
of the anomalous drainage is difficult especially if
not looked for.

A 6-year-old girl presented with exertional
dyspnea. Cardiovascular examination was normal
but there was mild systemic desaturation (SpO2
90%). The echocardiogram did not show any
intracardiac right-to-left shunt. There was no left
SVC and a good sized connecting cava was pre-
sent. There was suspicion of anomalous connec-
tion of right SVC to LA. The LV was dilated with
normal contractility. SCE was then performed
first from the left arm and then was repeated
from the right forearm vein (Fig. 3 and movie
clip S3). In both instances there was immediate
and intense filling of the LA with some microbub-
bles appearing in RA via small ASD. The
microbubbles were confined to the right side
during SCE from lower limb vein confirming nor-
mal connection of IVC to RA.

Microbubbles appearing first in LA after left
arm injection of agitated saline are mostly seen
with left SVC to LA. In vast majority of hearts with
situs solitus, right SVC is dominant and therefore
with injection in the right arm, if the microbub-
bles appear first in LA it can only happen if the
right SVC is anomalously connected to LA.17

Rarely right SVC may show anomalous connec-
tion to LA while left SVC connects normally to RA
through CS. In such a situation, SCE from the left
arm alone is likely to miss the diagnosis of anoma-
lous right SVC. SCE from right arm nonetheless
demonstrates this beyond doubt (Fig. 4).18
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Anomalous connection or drainage of IVC to
LA—Congenital anomalous connection of IVC to
LA is rare but well described entity. Rarely IVC is
inadvertently routed to LA during surgical closure
of ASD. Similar situation of IVC draining into LA
might arise in an occasional patient of ASD with
prominent eustachian valve allowing preferential
streaming.

A 35-year-old male presented with cyanosis,
dyspnea on exertion and history of right sided
hemiparesis and aphasia that recovered partially.
He had undergone surgical closure of ASD at the
age of 4 years following which he was apparently
well. Gradually worsening cyanosis was never
investigated until recent cerebrovascular event.
The investigations showed a high hemoglobin
level of 20 gm/dL for which several hematologi-
cal investigations were done. Transthoracic
echocardiogram was adjudged as normal. In view
of the high clinical suspicion transesophageal
echocardiogram (TEE) was performed and SCE
was done from the femoral vein which unequivo-

Figure 3. SCE with imaging from subcostal approach with
the injections in the right as well as left arm resulting in
intense filling of LA and LV. Microbubbles during injection
from the lower limb remained confined to RA and RV confirm-
ing normal connection of IVC to RA (not shown here). Pub-
lished with permission from Shetkar et al.17

Figure 2. A. Transthoracic echocardiogram in parasternal long-axis view shows floppy coronary sinus (CS) protruding into the
mitral valve during ventricular diastole. SCE performed with injection in the left arm and imaging from the subcostal approach
shows B. intense filling of right atrium (RA) and right ventricle (RV) through persistent left SVC and dilated CS with C. simultane-
ous but brief filling of left ventricle (LV) from the partially unroofed CS (C). Ao = aorta; LV = left ventricle.
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cally showed IVC directed to the LA (Fig. 5 and
movie clip S4), a known complication of ASD sur-
gical closure when the eustachian valve is
mistaken for the septum. There was late filling of
RA through a small residual ASD. Injection from
the right arm was normal.19

Congenital total anomalous systemic venous
drainage—Total anomalous systemic venous
connection (TASVC) is yet another rare situation
with all systemic veins i.e., SVC, IVC and CS con-
nected to LA. Complete venous return fails to get
oxygenated and systemic oxygen saturation as
well as the survival depends upon the right-to-left
shunt across ASD.

An 11-year-old girl presented with severe cya-
nosis (SpO2 55%) and extreme limitation of activ-
ities. There was no obvious right-to-left shunt.
Atrial septum was thin at fossa ovalis region but
no definite ASD was visualized. The drainage of
pulmonary veins was normal. Anomalous con-
nection of both SVC and IVC, i.e. TASVC was sus-
pected in view of hypoplasia of tricuspid valve,
RA and RV. Subsequently performed SCE con-
firmed the diagnosis when microbubble opaci-
fied the LA densely after injections from the arm

as well as the lower limb (Fig. 6A and movie clip
S5). This was followed by microbubbles filling the
RA via ASD (B).

The diagnosis in all these cases was possible
only because of clinical suspicion and selection
of appropriate venous approach for SCE. The
diagnosis could remain obscured if the injection
is not made in the left arm in case with partial
unroofing of CS14 and left SVC to LUPV connec-
tion,16 in the right arm in case of normally
draining left SVC but anomalously draining
right SVC18 and in lower limb vein in case with
IVC to LA connection.19 Thus it is important to
select vascular access for SCE based on clinical
requirement and not by the ease of cannula-
tion.

Reversal of left-to-right shunt:
Eisenmenger syndrome: shunt reversal due to
elevated pulmonary vascular resistance:
The detection of a shunt lesion is easy with good
left-to-right shunt, but is challenging in border-
line shunt with raised pulmonary vascular resis-
tance (PVR) especially when dealing with APW
and or patent ductus arteriosus (PDA). Subopti-
mal acoustic window adds to the difficulty as

Figure 4. SCE performed from left arm A, B. shows intense filling of coronary sinus (CS), right atrium (RA) and right ventricle
(RV). Saline injection from right arm C, D. resulted in immediate and intense opacification of left atrium (LA) and left ventricle (LV)
with no bubbles appearing in CS. Adapted with permission from Sadek et al.18
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majority of these patients are adults. This can
have significant clinical impact as these patients
may be wrongly labelled as having primary pul-
monary hypertension.

An 18-year-old girl complained of exertional
breathlessness for preceding 1 year. The pulse
oximetry measured the systemic saturation at
92% with no differential cyanosis. There was no
cardiomegaly or murmur. The pulmonary com-
ponent of the second heart sound was loud with
narrow split and suggested the diagnosis of PAH.
The transthoracic echocardiogram failed to show
any ASD or ventricular septal defect (VSD). SCE
was then performed with imaging first in apical
four-chamber view during which no microbubble
appeared in the LA or LV. The agitated saline was
then injected with imaging in modified high
parasternal short-axis view. This time the
microbubbles were seen traversing from the PA
to descending thoracic aorta thus confirming

both the diagnosis of PDA and the presence of
bidirectional shunt (Fig. 7 and movie clip S6).

This case demonstrates the importance of
appropriate imaging plane while performing
SCE. Had it been only the apical four-chamber
view the diagnosis of PDA related Eisenmenger
syndrome would have been missed. Similarly, in
appropriate clinical context SCE must be
repeated with imaging in parasternal short-axis
view to rule out APW (Fig. 8 and movie clip S7).
Further, the width of microbubble jet provides an
estimate of the size of underlying shunt.

Right-to-left shunt in ASD with normal PA pres-
sure and PVR—Unlike post-tricuspid shunts such
as VSD and PDA, cyanosis in a patient with ASD
does not always indicate raised PVR or inoperabil-
ity. Cyanosis in a patient with ASD can occur with
coexisting anomalies of systemic venous connec-
tion. Straddling SVC or IVC in cases with sinus

Figure 5. Transesophageal echocardiography with saline injected in lower limb vein. A. The microbubbles first appeared in left
atrium (LA) and left ventricle (LV) followed by B. faint filling of right atrium (RA) and right ventricle (RV) through small residual
atrial septal defect. Adapted with permission from Desai et al.19

Figure 6. Transthoracic echocardiography in apical four-chamber view with saline injection in the lower limb showing A.
microbubbles appearing first in left atrium (LA) and left ventricle (LV) followed by B. right atrium (RA) and right ventricle (RV)
through an atrial septal defect. Similar sequence of bubbles was observed with injection in arm veins (not shown here) confirming
the diagnosis of anomalous drainage of both SVC and IVC.

1712

Gupta, et al.

 15408175, 2015, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/echo.13035, W

iley O
nline L

ibrary on [13/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



venosus type of ASD or prominent Eustachian
valve in some cases of secundum ASD allows
abnormal drainage of systemic veins despite nor-
mal connections. In addition, reduced RV compli-
ance seen with RV cardiomyopathy and RV
myocardial infarction may also cause the blood to
shunt from RA to LA resulting in cyanosis. Occasion-
ally tricuspid regurgitation jet directed towards LA in
patients with ostium primum ASD lead to systemic
desaturation. SCE in such situation by demonstrat-
ing the right-to-left shunt provides an explanation
for cyanosis despite normal PA pressure.

Platypnea orthodeoxia syndrome—Dyspnea and
hypoxia in upright posture, commonly known as
platypnea-orthodeoxia, result from variety of rea-
sons.20 Patients with platypnea are often labelled
as “functional” as they are nearly asymptomatic
while lying down. Detailed clinical evaluation
supplemented by pulse oximetry in supine and

sitting posture can diagnose but exact mecha-
nism remains unclear. SCE in some of these cases
can confirm the diagnosis and demonstrate the
underlying mechanism much to the relief of the
doctor and the patient. Shirashi and colleagues
reported an interesting case of dilated aortic
root wherein SCE using tilt table TEE showed
massive right-to-left shunt across PFO upon sit-
ting thus validating the mechanism of platypnea
(Fig. 9).21

Extracardiac (intrapulmonary) shunt:
SCE does not rely on direct visualization of the
shunt but depends upon mapping the path of
microbubbles and therefore is an obvious choice
to detect extracardiac right-to-left shunts. A
delayed appearance of microbubbles in LA is
generally considered pathognomonic of pul-
monary arteriovenous malformations (PAVM) in
clinical practice.

Figure 7. SCE in high parasternal short-axis view from a patient with large patent ductus arteriosus (PDA) and elevated PVR. A.
Negative contrast in main pulmonary artery (MPA) (*) demonstrates left-to-right shunt. B. Microbubbles (*) escaping from MPA
to descending thoracic aorta (DTA) through PDA confirms the presence of right-to-left shunt. Note the absence of microbubbles
in ascending aorta (AAo).
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A 17-year-old boy had cyanosis at rest and
exertional dyspnea. Clinical examination was
unremarkable except for cyanosis (SpO2) 84%.
ECG, chest radiograph and echocardiogram was
normal. SCE performed subsequently showed fill-
ing of LA with the microbubbles after few cardiac
cycles. More importantly the microbubbles were
seen entering into LA via left pulmonary vein
localizing the PAVM to left lung (Fig. 10 and
movie clip S8). Digital subtraction angiography
confirmed PAVM in the left lower lobe which was
then closed percutaneously.

Unlike cardiac shunts, in a patient with intra-
pulmonary shunt occurs at the level of PA and
microbubbles are expected to appear in LA with
some delay. A delay of 3–5 beats is commonly
used as an indicator of intrapulmonary shunt.

However, the “3 beat rule,” as was initially
described or its later adaptation to “3–5 beat
rule” could have exceptions.22 The delay is not
unique to intrapulmonary shunt and is also seen
in cases with PFO if the atrial septum is aneurys-
mal, restricting free transit of the microbub-
bles.23,24 On the contrary brisk and extensive
opacification of LA can occur with extensive
intrapulmonary shunt particularly if bilateral.25

Visualization of microbubbles entering via pul-
monary veins on the other hand is a better sign
to demonstrate shunt occurring within the lungs
especially if performed in with TEE. Excluding
some cases with unusual forms of systemic vein
to pulmonary vein connections (see later), the
entry of microbubbles in LA via pulmonary veins
is diagnostic of intrapulmonary shunt. Further,
pulmonary vein that shows the microbubbles
provides useful information regarding the site of
PAVM.26

The opacification in SCE depends upon the
amount of right-to-left shunt and forms the basis
of semiquantitive grading with grade 0 having no
bubbles while grade 3 showing intense filling.8

SCE has high sensitivity and high negative predic-
tive value of >97% justifies the use as screening
tool for PAVM.10,27 Poor specificity of 49% and
low positive predictive value (PPV) especially with
lower grades of opacification limits its accuracy as
a diagnostic test. Grade 1 SCE might appear due
to the presence of physiologic right-to-left shunt
with possible increase in supine position and does
not warrant subsequent CT for confirmation until
the clinical suspicion is high.4,5,8,27

Right-to-left shunts at unusual locations:
Pulmonary artery to left atrium shunt: An
extremely unusual form of right-to-left shunt can
occur in the presence of a communication, usu-
ally large, between branch PA and LA. Although
can be diagnosed with color Doppler imaging it
can be easily demonstrated by intense filling of

Figure 9. SCE using TEE approach in supine position A. shows minimal right-to-left shunt through PFO (arrow) in supine position
which gets exaggerated while sitting B. Adapted with permission from Shirashi et al.21

Figure 8. SCE in parasternal short-axis view from a patient
with large aorto-pulmonary window (APW) and severe PAH.
Microbubbles after arriving in the main pulmonary artery
(MPA) enters ascending aorta (AAo) through APW (broken
arrow). The width of microbubble stream allows estimation of
the size of APW.
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LA soon after PAs are opacified following injec-
tion of agitated saline contrast. The entry of
microbubbles from the roof of LA coinciding with
the site of defect provides certainty to the diag-
nosis of this rare anomaly.

Leaks and obstruction in intra-or extra-cardiac
baffles: During cardiac surgery for CHDs, redi-
rection procedures such as atrial switch operation
(Mustard and Senning operation) involve exten-
sive rerouting of systemic and pulmonary veins.
Complex anatomy in the postoperative state
makes the diagnosis of leaks and obstructions in
these baffles challenging. SCE is useful in this set-
ting as it delineates the path of blood flow and
can clarify a diagnostic dilemma.28,29

Certain cyanotic CHDs cannot be repaired
and these patients can only be palliated by bidi-
rectional Glenn (BDG) and total cavopulmonary
connection (TCPC) surgery wherein SVC alone or
both SVC and IVC are connected to PAs. Normal
functioning of TCPC circuit relies heavily on
appropriately low PVR. A small communication
(fenestration) between TCPC circuit and atrium is
left intentionally during surgery in doubtful situa-
tions with elevated PA pressure and or borderline
size of the PAs. This fenestration acts as safety
valve in the immediate postoperative period. If
the patient show signs of high pressure in this
newly formed venous circuit then it allows right-
to-left shunt and help maintaining cardiac
output. Suboptimal windows inherent to the

postoperative state however limit the visualiza-
tion. SCE in such a scenario provides an easy way
to confirm the patency of fenestration.

Systemic to pulmonary venous connections:
Venous collaterals develop in patients with SVC
obstruction. Occasionally abnormal connections
develop between systemic veins and pulmonary
veins resulting in right-to-left shunt.30 In a case of
SVC obstruction, Beigel et al. demonstrated their
presence by performing SCE. After injection of
agitated saline in forearm microbubbles
appeared first in LA while RA filled late from the
IVC. Subsequently performed CT angiogram con-
firmed the presence of venovenous collaterals
between systemic veins and LUPV allowing drai-
nage of SVC blood via IVC.31 Similar connections
develop in some patients after cavopulmonary
connection surgeries (BDG and TCPC) if the pres-
sure in PA or the systemic venous circuit is ele-
vated.32 Although not emphasized by the
authors, microbubbles in these instances are
expected to enter LA via pulmonary vein receiv-
ing the collateral from systemic vein.

Diagnosis of abnormal flows and structures in
right side chambers:
The role of SCE in augmenting Doppler signal
and endocardial definition on the right sided
pathologies is well known.33 Newer contrast
agents that cross pulmonary vasculature have
brought LV within the reach of contrast echocar-

Figure 10. Transthoracic echocardiogram in apical four-chamber view with injection on the left arm A. showing intense filling of
right atrium (RA) and right ventricle (RV) but no microbubbles in left atrium (LA) or left ventricle (LV). B. There is intense filling of
LA and LV after few cardiac cycles. The entry of microbubbles from the left sided pulmonary vein (*) localizes PAVM to the left
lung.
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diography allowing analysis of LV endocardium,
regional wall motion abnormalities and various
myocardial perfusion studies.34

Despite improved diagnostic ability of echocar-
diography some shadows pose considerable diffi-
culty in the diagnosis. SCE in some of these cases is
useful adjunct. Rare cases such as the ones reported
by Wilhelm et al.35 and Irwin et al.36 showed a cys-
tic mass within the LA. The diagnosis remained
uncertain even after cardiac MRI.36 Microbubbles
within this cystic structure with left arm SCE proved
it to be persistent left SVC having an unusual course
within LA (intra-atrial course) (Fig. 11).35,36

Other uses of saline contrast
echocardiography:
The indications of SCE have expanded rapidly in
recent times. Saline injection through the punc-
ture needle confirms its position during pericar-
diocentesis.37,38 Pericardiocentesis is relatively
easy in the presence of large pericardial collec-
tion. However, it is challenging in cases of local-
ized collection of modest pericardial fluid. The
confirmation of access into the pericardial space
is of paramount importance. SCE is extremely use-
ful in such cases. After presumed entry into the
pericardial space with the needle, small amount
of agitated saline is injected. Echocardiographic
visualization of bubbles that remains confined to
the pericardial space confirms the position of the

needle (Fig. 12 and movie clip S9). Similarly, SCE
can confirm the position of the catheter during
central venous catheterization by visualization of

Figure 11. TEE X plane imaging with saline injected in the left arm shows A. microbubbles within a cystic structure (arrow), lying
posterior to LA appendage (LAA) and B. traversing within LA before opening into RA confirming intra-atrial course but normal
drainage of left SVC. Adapted with permission from Irwin et al.36

Figure 12. Saline contrast echocardiogram performed dur-
ing pericardiocentesis. The pericardial fluid is confined lateral
to the right atrium. The appearance of bubbles within the
pericardial space confirms the position of the needle and facil-
itates pericardiocentesis. In the event of inadvertent entry in a
cardiac chamber the bubbles shall appear inside the heart
enabling the operator to reposition the needle.
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the bubbles injected under echocardiographic
guidance.39,40 The appearance of bubbles out-
side the margins of the vessel is almost diagnostic
of misplaced central venous catheters.41

Interpreting saline contrast echocardiogram in
a patient with suspected right-to-left shunt:
SCE if performed appropriately and interpreted
logically, based on site of injection and the
sequence of microbubble appearance in the
heart, allows differentiation of various usual and
unusual right-to-left shunts (Fig. 13). In addition,
delineation of the site of entry of microbubbles
within LA also provides insights into the diagnosis.

Conclusion:
SCE is an inexpensive, easily available and repro-
ducible modality that adds certainty to the

clinical diagnosis in many circumstances, and
may identify unusual cause of cyanosis in appro-
priate clinical context provided it is performed
and interpreted carefully.
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Supporting Information
Additional Supporting Information may be found
in the online version of this article:

[Correction added on August 20, 2016, after
first online publication: The supporting informa-
tion movie clips legends were corrected.]

Movie clip S1. PDA with elevated PVR: Eisen-
menger syndrome.
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Movie clip S2. Negative contrast study.
Movie clip S3. Persistent left SVC with partial

unroofing of CS.
Movie clip S4. Right SVC to LA.
Movie clip S5. IVC to LA with residual ASD

after surgical closure of ASD.
Movie clip S6. Total anomalous systemic

venous connection to LA.

Movie clip S7. APW with elevated PVR: Eisen-
menger syndrome.

Movie clip S8. Pulmonary arteriovenous mal-
formation.

Movie clip S9. Saline contrast echocardio-
graphy during pericardiocentesis.
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