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1. Visual case discussion

83-year old male with a past history of diabetes and hypertension
arrived in the emergency department with a 4-day history of fever, dry
cough and desaturation. At his admission he was dyspneic, with respi-
ratory distress and SatO2 of 69%. Severe SARS-CoV-2 pneumonia was
diagnosed and invasive mechanical ventilation was started. Due to re-
fractory hypoxemia despite high levels of inspired oxygen fraction and
end-expiratory pressure titration, prone position ventilation was started.
During his evolution, the patient developed oliguria refractory to crys-
talloid infusion, so point-of-care ultrasonography was performed to
evaluate the degree of venous congestion using a transhepatic view.
With a phased array sector probe 2-3 MHz, the operator obtained the
images on the right side of the patient. The probe was placed in the 7th-
8th intercostal space at the mid axillary line (Fig. 1A) with the marker
pointing to the patient’s head (Fig. 1B). At this position, the inferior
vena cava (IVC) and the hepatic vein were adequately evaluated
(Fig. 2A) and a dilated IVC without respirophasic variation was noted
(Fig. 2B). Using color Doppler (Fig. 2C, Video 1) and pulse wave
Doppler, the venous flow of the hepatic vein was evaluated, showing a
normal pattern (Fig. 2D). Tilting the probe to the patient’s left side the
portal vein was displayed (Fig. 3A) and using color Doppler and pulse
wave Doppler an abnormal (pulsatile) flow was noticed suggesting a
mild abnormal pattern (Fig. 3B). Finally, displacing the probe posteri-
orly and one intercostal space below with a counterclockwise rotation,
the right kidney was visualized, and using color Doppler the intrarenal
venous flow was located (Fig. 3C, Video 2) and pulse wave Doppler was
applied showing a mild abnormal pattern (discontinuous) (Fig. 3D).
Grade 3 (severe) venous congestion, according to the Venous Excess
Ultrasound (VExUS) Score was diagnosed and a dose of furosemide was
administered to the patient reaching an adequate urine output and
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negative fluid balance.
2. Questions

1. In a patient during prone position ventilation, how do the inferior
vena cava could be evaluated by ultrasound to assess fluid responsive-
ness and / or fluid overload?

a) Apical 4 chamber view

b) Subcostal view

c) Paraesternal long axis view
d) Transhepatic view

Correct answer: d

The inferior vena cava (IVC) can be visualized by a transhepatic
approach with a significant correlation in the respiratory variation with
the subcostal (SC) view. One limitation is when aligning the M-mode
cursor with downward deflection of the diaphragm in the TH view the
evaluated portion of the IVC might not be in the same position than in
the SC view; the diameter should be measured at the same location to
avoid error. This technique allows acquisition of images with good
quality and in a rapid manner without the need to mobilize the patient
during the prone position.

2. Which of the following is not a criteria of fluid overload in the
patient, evaluated by VeXUS score?

a) S > D waves in the hepatic venous flow

b) IVC with a maximal diameter of 2.6 cm

c) Portal venous flow with a pulsatility index of 46%
d) Discontinuous intrarenal venous flow
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Fig. 1. A. Position of the explorer at the right side of the patient. B. Probe marker pointing to the patient’s head.
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Fig. 2. A. Bidimensional view of the inferior vena cava (IVC) and the hepatic vein (HV). B. Alining the M-mode cursor perpendicular to the IVC, a maximal diameter
of 2.6 cm is measured, without respirophasic variation. C. Applying color Doppler to the hepatic vein (HV) the venous flow is located. D. Pulse wave Doppler at the
hepatic vein, a normal venous flow pattern is visualized, with a systolic (S) wave > diastolic (D) wave.

Correct answer: a

With the VExUS Score, the following patterns are considered
abnormal: an IVC > 2 cm, a D > S waves or an S wave reversal in the
hepatic venous flow, a portal venous flow with a pulsatility index > 30%
and a discontinuous (biphasic or monophasic) intrarenal venous flow.

3. Video 1

In color Doppler flow mapping, a blue hepatic vein waveform in-
dicates flow away from the ultrasound probe.

4. Video 2

Applying color Doppler to the right kidney, the intrarenal venous
flow is located (blue color).

5. Discussion

Point-of-care ultrasonography is the standard for the hemodynamic
monitoring in severe COVID-19 [1]. Given the high needs of prone po-
sition ventilation during the COVID-19 pandemic, the ultrasonographic
technique during this maneuver has been proposed [2]. Fluid overload is
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frequent following the initial aggressive fluid resuscitation, and the
VExUS Score evaluates and scores the severity of venous congestion and
correlate with and increased risk of acute kidney injury and guide the
management of volume overload [3]. In this article, we describe for the
first time this technique during prone position ventilation, since this
maneuver should not be a limitation for the correct hemodynamic
evaluation of this critically ill patients.
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Fig. 3. A. Bidimensional view of the portal
vein. B. Pulse wave Doppler at the portal vein
(PV), an abnormal (pulsatile) venous flow is
visualized, with a pulsatility index of 46%
[(Vmax — Vmin) / (Vmax)] x 100 (normal
flow = continuously), indicating a mild abnor-
mality. C. Applying color Doppler to the right
kidney, the intrarenal venous flow is located. D.
Pulse wave Doppler at the intrarenal venous
flow, an abnormal (discontinuous) pattern is
visualized, with the appearance of systolic (S)
and diastolic (D) waves (normal flow =
continuously), indicating a mild abnormality.

Vmin = 11.2 cm/s
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