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Femoral and popliteal venous Doppler during prone and supine
position in COVID-19 patients: a potential diagnostic tool
to detect abnormal right ventricular function
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To the Editor,

Acute respiratory distress syndrome (ARDS) is a
frequent complication of severe coronavirus disease
(COVID-19). Acute respiratory distress syndrome
increases right ventricular (RV) afterload and is a known
etiology of RV dysfunction. Right ventricular dilatation
and dysfunction have been linked to higher mortality in
patients with COVID-19." Therefore, careful observation
of RV function is important to guide supportive therapy. In
COVID-19 pneumonia, the prevalence of ARDS is high
and the prone position (PP) is often used, making non-
invasive hemodynamic monitoring more challenging with
limited access to the echocardiographic windows for up to
16 hrs. Nevertheless, alternative assessment tools such as
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Doppler interrogation of the femoral vein to diagnose right
heart dysfunction have recently been described and
correlated to abnormal pulse-wave Doppler profiles of the
portal and renal venous circulation.” In the PP, the popliteal
vein becomes perfectly exposed and offers an indirect
sonographic window to the heart. The use of femoral and
popliteal venous Doppler interrogation to infer RV
function has not yet been reported in COVID-19 patients
with ARDS.

Under physiologic conditions, veins with normal
compliance are collapsible and pressure waves arising
from the cardiac cycle are dampened in the periphery.
Normal peripheral vein Doppler waveforms are mostly
continuous, unidirectional, and have a signal that is
independent from the cardiac cycle, but are associated
with respiratory changes (i.e., respiratory modulation). A
consensus statement has recently been released regarding
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Figure A) example of a normal popliteal vein Doppler pattern during prone position (PP) with only antegrade velocities. Note the correlation
with the electrocardiogram and respiratory variation. Echocardiography (only apical views) at the same time revealed normal right ventricular
(RV) function. B) 58-yr old male (patient #1) with central pulmonary embolism and acute RV failure and multiorgan dysfunction. B-mode and
spectral Doppler profile of the left common femoral vein in supine position shows absence of respiratory variation and a bidirectional velocity
profile with a significant retrograde component (> 10 cm-sec™"). C) 70-yr old woman (patient #2) with cor pulmonale from long standing ARDS.
Spectral Doppler profile of the left common femoral vein in supine position. Note the abnormal, pulsatile signal without respiratory modulation.
Echocardiography showed RV dilatation and an estimated systolic pulmonary artery pressure of 62 mmHg using echocardiography and central
venous pressure of 17 mmHg. D) 65-yr old male (patient #4) with COVID-19 pneumonia complicated by severe ARDS. Duplex ultrasound on
day 6 in PP showed only slightly abnormal Doppler profile of the popliteal vein: note the only mild retrograde velocities (retrograde velocities <
5 cm-sec™ ') along with absence of respiratory modulation. E) Accordingly, a normal spectral Doppler profile of the portal vein was observed
with a portal venous pulsatility index (PVPI) of 20% (PI = [maximal-minimal velocity]/mean velocity). Six hours later back in supine position,
the Doppler profile differed clearly, now showing a strong pulsatile velocity pattern in the F femoral vein, G portal vein (PVPI 64%) and
H popliteal vein, suspicious of RV dysfunction. CI = cardiac index; EtCO, - end-expiratory carbon dioxide; F,0, = fraction of inspired oxygen;
HR = heart rate; MAP = mean arterial pressure; paO, = arterial partial pressure of oxygen; paCO, = arterial partial pressure of carbon dioxide;
PEEP = positive end-expiratory pressure; PVPI = portal venous pulsatility index; RR = respiratory rate

the definition of abnormal peripheral venous Doppler
signal.®> Right ventricular dysfunction associated with
elevated right atrial pressure causes abnormal pulse-wave
transmission through the distended veins and can be
imaged in every peripheral venous vessel accessible to
Doppler interrogation. In patients with RV dysfunction, an

abnormal femoral or popliteal vein Doppler is
characterized by synchrony with the cardiac cycle
(cardiac pulsatile modulation) with a phasic or

bidirectional pulsatile wave form as the right atrial
pressure increases. A pulsatile femoral vein on Doppler
interrogation is highly specific (89-100%) for elevated
right atrial pressure.*

We assessed 21 critically ill patients admitted to the
intensive care unit with COVID-19-related ARDS to detect
deep vein thrombosis and to identify abnormal femoral or
popliteal venous Doppler signals. All patients or substitute
decision makers provided written consent for the
presentation of their data. In five patients, an abnormal
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femoral or popliteal venous Doppler pattern was detected.
In two patients, popliteal venous Doppler was performed
during PP. These observations were consistent with
echocardiographic findings in the supine position,
confirming the suspicion of RV dysfunction. Panel A in
the Figure depicts a normal popliteal vein Doppler profile
during PP, while panels B-H show abnormal femoral or
popliteal venous Doppler tracings of mechanically
ventilated patients in the prone or supine position. In
panels E,G of the Figure, the corresponding pulse-wave
Doppler of the portal vein is shown. For all five patients,
demographic, clinical, and laboratory data are provided in
the Electronic Supplementary Material data (eTable).
While transthoracic echocardiographic assessment of
RV function is challenging in the PP, the transesophageal
approach was recently described to track the hemodynamic
response of the PP in COVID-19 patients with ARDS.’
Nevertheless, Doppler interrogation of the femoral or
popliteal vein—the latter easily exposed in the PP—may be
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simpler and faster with a lower exposure risk for the
operator and less invasive for the patient. Of course, the
trade-off is that less actionable information is obtained.

This technique may be of special interest when time is
scarce or advanced cardiac ultrasound techniques are not
readily available. Currently, Doppler interrogation of the
femoral or popliteal vein may serve as a screening tool to
heighten the suspicion of right heart dysfunction even when
performed by physicians inexperienced in ultrasound. Our
observations will need further investigation and, ultimately,
validation in a prospective setting.
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