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Abstract

Prolonged exposure to microgravity causes cephalad fluid redistribution, leading to internal jugular
vein (IJV) congestion and an increased risk of venous thrombosis. Non-invasive monitoring of IJV hemo-
dynamics could therefore support crew health management during long-duration missions. Head-up tilt
(HUT) is an established ground-based analogy for studying orthostatic stress effects on the cardiovascular
system. With increasing tilt angle, gravitational pooling of blood in the lower extremities reduces venous
return and IJV pressure, providing a controlled means to evaluate device sensitivity across varying hemo-
dynamic states.
This study assesses the response of a custom-developed non-invasive device (JVPdevice) to the progressive
hemodynamic changes induced by graded HUT. The JVPdevice is a force measurement unit mounted on
a standard ultrasound (US) probe that records the compression force required to fully occlude the IJV.
The underlying principle is that the occlusion force reflects the hemodynamic state of the vein: a higher
venous pressure necessitates a greater external compression force.
The experimental study was conducted at the Medical University of Graz with nine healthy volunteers
following ethical committee approval. A ramped HUT protocol was employed: after a 20-minute supine
baseline, the tilt angle was increased from 0 degrees by 20 degrees every four minutes to a maximum
of 70 degrees, followed by an 8-minute supine recovery. At each tilt stage, the IJV compression force
was measured using the JVPdevice simultaneously with ultrasound imaging of the vein cross-section.
Cardiovascular parameters (blood pressure, heart rate, cardiac output, stroke volume) were continuously
recorded using a task force monitor.
The baseline compression force ranged from 0.84 to 4.08 N across subjects, reflecting inter-individual
anatomical variability. With increasing tilt angle, the measured compression force generally decreased
across the majority of subjects, consistent with the expected reduction in IJV pressure due to gravita-
tional blood redistribution toward the lower extremities. During the recovery phase, the force returned
toward baseline values. Some inter-stage variability was observed in individual subjects, primarily at-
tributed to slight differences in the measurement location along the vein between consecutive tilt stages.
These findings confirm that the JVPdevice is sensitive to hemodynamic changes in the IJV under varying
gravitational loads. The systematic force response to graded HUT supports the applicability of this non-
invasive measurement approach for detecting changes in venous status relevant to spaceflight physiology.
Future work will focus on establishing a methodology for estimating IJV pressure from the measured
compression force, enabling quantitative venous hemodynamic assessment in simulated and actual micro-
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