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Abstract

Purpose Obtaining an objective,
accurate assessment of volume status is one of the more
difficult tasks in the perioperative arena. Since its advent in
2020, the Venous Excess Ultrasound (VExUS) score has
gained popularity in the minimally invasive assessment of
venous congestion. The VExUS exam has been well
described as an additional series of images (hepatic vein,
portal vein, and intrarenal vein) obtained with a phased-
array probe during a transthoracic echocardiogram.
Nevertheless, there are no descriptions of comprehensive
VExUS performed  using  transesophageal
echocardiography (TEE)—a modality that is routinely
employed in patients undergoing cardiac surgery.

reproducible, and

exams

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s12630-
023-02688-9.

N. H. Waldron, MD, MHSc (D<)
Department of Anesthesiology and Perioperative Pain Medicine,
Mayo Clinic, Jacksonville, FL, USA

Critical Care Medicine, Mayo Clinic, 4500 San Pablo Road,
Jacksonville, FL 32224, USA

e-mail: waldron.nathan@mayo.edu

G. Pandompatam, MD
Critical Care Medicine, Mayo Clinic, 4500 San Pablo Road,
Jacksonville, FL 32224, USA

B. Sareyyupoglu, MD
Department of Cardiovascular Surgery, Mayo Clinic,
Jacksonville, FL, USA

H. Kalagara, MBBS, MD

Department of Anesthesiology and Perioperative Pain Medicine,
Mayo Clinic, Jacksonville, FL, USA

@ Springer

Clinical features We describe techniques to acquire and
interpret a comprehensive TEE-supported VexUS exam,
which may be used to optimize the perioperative care of
cardiac surgical patients.

Conclusion Given the risks of fluid overload in critically ill
cardiac surgery patients, TEE-supported VExUS examination
may be a way to reduce morbidity in this population.

Résumé
Objectif L’obtention
reproductible et precise du statut volemique est ['une des

d’une évaluation objective,
tdches les plus difficiles dans ’arene perioperatoire. Depuis
son introduction en 2020, le score VExUS (pour Venous
Excess Ultrasound, soit echographie de 1’exces veineux) a
gagné en popularite' dans I’ évaluation minimalement invasive
de la congestion veineuse. L’examen echographique VExUS a
ete bien decrit en tant que serie supplementaire d’images
(veine heépatique, veine porte et veine intrarenale) obtenues a
l'aide d’une sonde type « phased-array » lors d’un
echocardiogramme transthoracique. Neanmoins, il n’existe
aucune description d’examens VExUS complets realises a
lU'aide  d’'une  sonde  d’ETO  (échocardiographie
transaesophagienne), une modalite’ couramment utilisee chez
les patient-es beneficiant d’une chirurgie cardiaque.
Caractéristiques cliniques Nous decrivons des techniques
permettant d’acquerir et d’interpreter un examen VexUS
complet par ETO, qui peut étre utilise’ pour optimiser les soins
perioperatoires de la patientele en chirurgie cardiaque.
Conclusion Compte tenu des risques de surcharge
hydrique chez la patientéle gravement malade en
chirurgie cardiaque, 1’examen VExUS base sur I’ETO
peut étre un moyen de reduire la morbidite’ dans cette
population.
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Description of technique

The Venous Excess Ultrasound (VExUS) exam was
originally described in 2020' as a minimally invasive
assessment of venous congestion using an additional series
of images (hepatic vein, portal vein, and intrarenal vein)
obtained with a phased-array probe during transthoracic
echocardiography.> Because fluid overload has been
associated with suboptimal outcomes in cardiac surgical
patients® and the vast majority of cardiac surgical patients
receive a comprehensive perioperative transesophageal
echocardiogram (TEE), we aimed to describe the
techniques and interpretation of a TEE-supported VExUS
exam. A simplified VExUS algorithm is provided in Fig. 1.

Patient consent was obtained for both the acquisition
and publication of images. Three patients with differing
levels of venous congestion were included in this case
series. All images were obtained during comprehensive
transesophageal echocardiography (TEE) exams performed
as part of cardiothoracic surgical cases. Of note, the views
were obtained with standard TEE windows (distal
esophageal and transgastric) and only slight additional
probe manipulations, so minimal additional risk was
incurred. In patients with contraindications to or
difficulty with transgastric probe advancement, a TEE-
guided VExUS exam should not be performed.

View 1: Inferior vena cava long- and short-axis

We first obtained this view to determine whether further
VExUS imaging was warranted, as an inferior vena cava
(IVC) diameter < 2 cm is thought to represent the absence
of venous congestion (VExUS grade 0). Of note, positive
pressure ventilation generally increases IVC diameter,* so
TEE-guided IVC measurements performed during the
VExUS exam must be interpreted with caution. From the
midesophageal window, the probe was mechanically
rotated clockwise to focus on the right atrium and then
advanced until the inferior cavoatrial junction, IVC, and
confluence of the hepatic veins were visualized.
Alternatively, the IVC can be visualized from the
transgastric window by flexing the probe and rotating
clockwise until the inferior cavoatrial junction is seen. We
prefer to use multiplanar imaging to obtain orthogonal
views of the intrahepatic cava approximately 2 cm from the
confluence of the hepatic veins as previously described,’
and use M-mode to estimate IVC diameter. If multiplanar
imaging is unavailable, advancing the omniplane to 50-80°
typically displays the IVC in long-axis. In the attached
images (Figs 2 and 3), the IVC measures well over 2 cm,
indicating a need for further imaging of the hepatic, portal,
and/or renal veins. In contrast, an IVC diameter < 2 cm
would represent a VExXUS score of 0, and the exam could
be stopped in that case.

View 2: Hepatic vein imaging

Imagers may need to slightly advance the probe to image
the hepatic veins, taking care to ensure favourable
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Fig. 2 M-mode showing
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Fig. 3 2D measurement of
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alignment of the pulsed wave sample volume at least
1-2 cm within the hepatic vein. If difficulty is encountered
with orientation, colour Doppler with a reduced scale
(< 30 cm-sec™!) can be used to help identify the hepatic
veins. If the distal-esophageal window is used to visualize
the hepatic veins, the IVC is seen in the near field and
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hepatic venous flow is towards the probe during systole in a
normal exam, thus appearing red for most of the cardiac
cycle. Alternatively, the transgastric window can be used to
visualize the hepatic veins. In this case, the hepatic veins
may be seen in the near field with the IVC in the far field
relative to the TEE probe, similar to a typical subcostal
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IVC view used in transthoracic echocardiography. Using
this transgastric view, hepatic venous flow will be away
from the probe (blue on colour Doppler) during systole in
noncongested patients. The advantage of the transgastric
approach is that the portal vein or its branches may be seen
in cross section in the near field and the probe omniplane
angle can be adjusted between 20-60° to display these
structures in long-axis. With slight probe manipulation
(mechanical rotation and/or depth modulation), both
hepatic and portal venous structures may be visualized
with this approach, yielding a view like the transthoracic
VEXUS subcostal or right midaxillary transhepatic view.

A pulsed wave Doppler gate placed in the hepatic vein
in a patient with no congestion will show systolic
predominance (Fig. 4), whereas patients with mild
congestion may show diastolic predominance with mild
systolic blunting (Fig. 5) and patients with more severe
congestion may show complete reversal of systolic vs
diastolic flow velocities (Fig. 6). As previously noted,’
hepatic venous waveforms will be reversed compared with
those acquired with transthoracic imaging protocols and
may be altered after cardiopulmonary bypass.®
Additionally, nonsinus rhythms and severe tricuspid
regurgitation may alter hepatic venous waveforms and
increase difficulty of VExUS interpretation.

Fig. 4 Pulsed wave Doppler
showing normal hepatic venous
Doppler velocities
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View 3: Portal venous imaging

After visualizing hepatic venous flow, the probe may be
advanced slightly to visualize the portal vein. Occasionally,
slight mechanical rotation of the probe may be necessary.
Our team finds colour flow Doppler helpful in localizing
the portal vein and in discriminating between hepatic and
portal venous flow. In the attached video (Electronic
Supplementary Material [ESM] eVideo 1), the TEE probe
is withdrawn slightly from the deep transgastric position
(where the portal vein can be clearly seen) to visualize the
confluence of the hepatic veins. Imagers may also use the
increased echodensity of portal veins (also seen in ESM
eVideo 1) compared with hepatic veins to differentiate
between the two structures. Finally, application of pulsed
wave Doppler will reveal characteristic low-velocity portal
venous flow. Reduction of the wall filter and/or use of
tissue Doppler imaging may aid in detecting portal venous
flow. Doppler waveforms may show low-velocity flow with
minimal pulsatility (Fig. 7) in noncongested patients or
marked portal venous pulsatility in patients with significant
venous congestion (Fig. 8). Portal venous flow by Doppler
ultrasound will generally be found below the baseline with
TEE. As previously noted, increased pulsatility in the
portal venous circulation is representative of systemic
venous congestion and/or right ventricular dysfunction’
and portends a higher risk of perioperative complications

TIS0.2 MI 0.4

M4 M4
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Fig. 5 Pulsed wave Doppler
showing mild systolic blunting
of hepatic venous flow

Fig. 6 Pulsed wave Doppler
showing flow reversal in the
hepatic veins
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after cardiac surgery.® In patients whose portal vein cannot View 4: Renal venous imaging
be imaged, a splenic venous Doppler signal has previously
been detected with TEE and may similarly reflect  Visualization of the kidney using TEE can prove difficult

splanchnic drainage congestion.
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in some patients but is generally possible. From the prior
position, the TEE probe should be mechanically rotated
approximately 180° wuntil the descending aorta is
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Fig. 7 Pulsed wave Doppler
showing predominantly
monophasic portal venous flow
with minimal pulsatility
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Fig. 8 Pulsed wave Doppler
showing significant moderate
portal venous pulsatility
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visualized. Thereafter, the probe is advanced and often
mechanically rotated counterclockwise until the left kidney
is visualized as previously described.'” Alternatively, the
kidney may be visualized in longitudinal cross-section by
maintaining an omniplane of 90° and mechanically rotating
the TEE probe counter-clockwise from the descending

TIS0.2 MI 0.5

M4 M4

aortic short axis view. The TEE probe is then advanced
until the kidney is seen. This approach is a surrogate for the
transthoracic VExUS renal vessel view obtained from

posterior axillary line.
A low colour flow Doppler scale (< 20 cm-sec™') is
often useful to identify renal hilar vasculature (ESM

@ Springer
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Fig. 9 Renal venous imaging in
a minimally congested patient Adult Card
X8-2t
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Fig. 10 Renal venous
waveform showing significant
pulsatility in a congested patient
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eVideos 2 and 3) before placing a pulsed wave Doppler
gate near an interlobar artery to record venous and arterial
signals. These signals may be faint but are identified by the
mosaic and continuous flow pattern of both the renal artery
and renal vein (Figs 9 and 10). If the Doppler filters are not
reduced appropriately (Fig. 9), the image quality will be
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poorer than if the Doppler filters are appropriately reduced
(Fig. 10). In the noncongested patient, a monophasic signal
with little to no pulsatility (Fig. 9) will be visualized
opposite the arterial waveform, but as congestion develops,
significant pulsatility will develop in the renal venous
waveform (Fig. 10). Depending on orientation, renal
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venous flow may be visualized above or below the baseline
but should be found opposite to renal arterial flow.
Observed increases in renal venous pulsatility are likely
to represent both an increase in congestion as well as
concomitant ventricular dysfunction.'’

Discussion

Full TEE-supported VExUS exams are feasible in many
patients using echocardiographic windows routinely obtained
during a comprehensive perioperative TEE examination.
Prior studies have used the VExUS exam to predict acute
kidney injury in patients with myocardial infarction'? and
cardiorenal syndrome,'? but not in a generalized intensive
care unit (ICU) population.'* Given the high incidence of
acute kidney injury (AKI) in cardiac surgical patients,
VExUS may be used to ascertain volume status and prevent
AKI in patients undergoing cardiac surgery,'” and the ability
to obtain a full VExUS exam with routine TEE windows has
the potential to aid in dissemination of this strategy.
Limitations of the TEE-supported VExUS exam include the
technical skill required for standardized image acquisition
and difficulty validating the exam in the heterogenous patient
populations that are seen in cardiac surgery today.
Additionally, the VExUS exam, whether performed with
transthoracic echocardiography or TEE, suffers from its
inability to differentiate the etiology of congestive waveforms
as originating from volume overload vs pressure overload
states. Future work should focus on comparing the feasibility,
quality, and impact of VExUS images obtained by both
transesophageal and transthoracic examinations, and
ultimately determining whether abnormalities are associated
with patient-important outcomes.
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