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Background: Venous congestion can be quantified by central venous pressure (CVP) and its 
monitoring is crucial to understand and follow the hemodynamic status of patients with cardio- 
respiratory diseases. The standard technique for CVP measurement is invasive, requiring the 
insertion of a catheter into a jugular vein, with potential complications. On the other hand, the 
current non-invasive methods, mainly based on ultrasounds, remain operator-dependent and are 
unsuitable for use in the home environment. In this paper, we will introduce a novel, non- 
invasive device for the hospital, office and home assessment of CVP.
Methods: After describing the measurement concept, we will report a preliminary experi-
mental study enrolling 5 voluntary healthy subjects to evaluate the VenCoM measurements’ 
repeatability, and the system’s capability in measuring small elicited venous pressure varia-
tions (2 mmHg), as well as an induced venous hypertension within a pathological range 
(12÷20 mmHg).
Results: The experimental measurements showed a repeatability of ±1mmHg. The VenCoM 
device was able to reliably detect the elicited venous pressure variations and the simulated 
congestive status.
Discussion and Conclusion: The proposed non-invasive VenCoM device is able to 
provide a fast and repeatable CVP estimate, having a wide spectrum of potential clinical 
applications, including the monitoring of venous congestion in heart failure patients and in 
subjects with renal and hepatic dysfunction, as well as pulmonary hypertension (PH) that can 
be extended to pneumonia COVID-19 patients even after recovery. The device needs to be 
tested further on a large sample size of both healthy and pathological subjects, to system-
atically validate its reliability and impact in clinical setting.
Keywords: central venous pressure, pulmonary artery pressure, heart failure, non-invasive 
device, home monitoring, COVID-19, cardiovascular measurements

Introduction
The Central Venous Pressure (CVP) is the intravascular pressure in the great thoracic 
veins. It is conventionally measured at the junction of the superior vena cava and the 
right atrium and provides an estimate of the Right Atrial Pressure (RAP).

CVP is used in clinical practice to assess volume status and cardiac preload.1,2 

Knowing a patient’s CVP can be helpful in the diagnosis and management of 
a variety of critical illnesses and injuries including congestive heart failure, 
impaired renal and hepatic function, diabetes, chronic obstructive pulmonary dis-
ease, cardiogenic shock, traumatic brain injury.3–9

Correspondence: Laura Cercenelli  
Laboratory of Bioengineering, Department 
of Experimental, Diagnostic and Specialty 
Medicine (DIMES), Alma Mater Studiorum 
University of Bologna, c/o S. Orsola 
Malpighi-Hospital, via Massarenti 9, Bologna, 
40138, Italy  
Tel +39 0516364603  
Fax +39 0516364603  
Email laura.cercenelli@unibo.it

Medical Devices: Evidence and Research 2021:14 141–154                                                  141
© 2021 Marcelli et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Medical Devices: Evidence and Research                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0001-7818-1356
mailto:laura.cercenelli@unibo.it
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Generally, CVP can be measured through different 
methods, which can be categorized as invasive and non- 
invasive. Measuring CVP by inserting a central venous 
catheter is the gold standard, but it is an invasive proce-
dure. In addition, this is time-consuming, not practical in 
pre-hospital settings, and, even when recommended, it can 
be associated with potential risks of complications, includ-
ing infection, catheter-induced thrombosis, and 
arrhythmias.10–13

Minimally invasive methods, involving the cannulation 
of peripheral limb veins or the internal or external jugular 
vein followed by transducing venous pressure, have been 
used and have shown mixed results.14,15

Physical examination of the Jugular Venous Pressure 
(JVP)16–18 or peripheral venous collapse19 are frequently 
used in routine clinical practice to non-invasively estimate 
the CVP, but with a poor sensitivity. The JVP method has 
largely been criticized because it is operator dependent, 
and also patient dependent, especially due to the increas-
ing prevalence of obesity in critically ill patients.20,21 

Moreover, such method has proven unreliable compared 
with invasive measurement using a catheter, demonstrating 
an accuracy no better than 50–60%.16,22

Various non-invasive echographic measurements have 
been proposed for CVP estimation21,23–25 and are recom-
mended by the American Society of Echo26,27 as alterna-
tive approaches to invasive CVP assessment. The Inferior 
Vena Cava (IVC) is a compliant vessel whose size and 
shape vary with changes in CVP and intravascular volume. 
Parameters such as IVC diameter, collapsibility or Caval 
Index (IVCCI) assessed by sonographic clinic measure-
ments are used as indirect indicators of CVP. An IVC 
diameter <2.1 cm that collapses >50% with a sniff sug-
gests normal RAP of 3 mmHg (range, 0–5 mmHg), 
whereas an IVC diameter >2.1 cm that collapses <50% 
with a sniff suggests high RAP of 15 mmHg (range, 10–20 
mmHg). If IVC diameter and collapse do not fit this 
paradigm, an intermediate value of 8 mmHg (range, 
5–10 mmHg) may be used.26 Thalhammer et al28 proposed 
the “Compression Ultrasound” (CU) technique based on 
a portable ultrasound system and a translucent pressure 
manometer: such technique measures CVP by determining 
the pressure needed to compress completely a superficial 
vein at the forearm (preferentially the distal cephalic vein). 
The technique is characterized by high result variability, 
dependent on the physician’s training.29

In general, ultrasound-guided techniques are well 
accepted as non-invasive options for CVP assessment, 

being favorably validated compared to invasive hemody-
namic measurements by numerous past and recent 
studies,30–33 although a recent review34 does not support 
the measurement by ultrasonography as an acceptable 
variable to determine CVP among critical patients. In 
any case these techniques remain operator-dependent and 
unsuitable for patients’ self-assessment in a home environ-
ment. Moreover, they generally display a limited accuracy, 
since only wide ranges of CVP can be identified (0–5 
mmHg, 5–10 mmHg, 10–20 mmHg).27

Other recommended non-invasive methods include an 
optical principle using Near InfraRed Spectroscopy (NIRS): 
infrared sensors of the size of the superficial veins are used to 
detect the JVP in the neck, and therefore to yield a pressure 
waveform.35 Mespere VENUS 2000 CVP is a system based 
on NIRS, using single wavelength LED and photodetectors to 
detect the JVP in the neck and the height of the JVP column 
relative to the superior vena cava, thus requiring the patient to 
lie at an angle which aligns JVP pulse in the range of the 
sensor.35 Although this optical method yields readings con-
sistently close to those measured invasively, it remains 
impractical for routine use in clinic and home environments.

Currently, to the authors’ knowledge there is a lack of 
non-invasive methods for CVP assessment having the 
accuracy necessary for interchangeability with traditional 
invasively measured CVP, as well as the ease of use for 
a routine adoption in outpatient and home settings.

In this paper, we introduce Venous Congestion Meter 
(VenCoM), a novel non-invasive device for the CVP assess-
ment. Such device can be used in hospitals, offices, as well 
as at home. The presented VenCoM device and method fall 
into the category of plethysmographic techniques, which 
have already been explored for non-invasive assessment of 
venous pressure.36,37 As a key advantage the VenCoM 
device provides a CVP measurement using a quite compact 
and easy-to-use appliance, similar to those applied for stan-
dard automatic upper arm blood pressure monitor. The mea-
surement takes only few tens of seconds.

Methods
The VenCoM Prototype
The prototypal VenCoM device (PCT patent pending), cur-
rently under development by an Italian research company38 

consists of two pneumatic cuffs. The first pneumatic occlu-
sive cuff (B1) is to be positioned on the upper portion of an 
arm; the second pneumatic cuff (B2), with “volume sensing” 
function, in accordance with the already proposed air 
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plethysmography technique39–41 is to be secured to the fore-
arm, thus monitoring its volume changes (Figure 1).

Cuffs inflations/deflations are controlled by the 
Measuring Unit which includes:

● two rotary diaphragm micropumps (24TC27B RO-D, 
Schwarzer Precision, Essen, Germany) to inflate the 
B1 and B2 cuffs;

● two pressure sensors (5-PSI-D-HGRADE-MV 
/0.3-PSI-D-HGRADE-MV, Amphenol All Sensors, 
Wallingford, CT, USA) for the accurate measurement 
of pressure inside the cuffs;

● two solenoid valves (EV1, EV2);
● a custom-made microcontroller for driving the micro-

pumps, the solenoid valves, as well as for the acqui-
sition and processing of pressure signals.

The user can start the automatic CVP measurement via 
a Graphical User Interface (GUI) on a laptop that allows 
the setting of input parameters (eg, patient ID, weight, 
height, and age), and provides displaying of PB1 and 
PB2 curves as well as the output estimated CVP value.

A block diagram of the VenCoM device is reported in 
Figure 2.

For the correct execution of the measurement, a dedicated 
support system for the forearm has been designed to be used 
in combination with VenCoM device (Figure 1).

The Measuring Concept and Method
The VenCoM measuring concept relies on the widely 
demonstrated principles of Venous Occlusive 

Plethysmography (VOP) and physiological findings about 
limb venous compliance in humans,36,37,42–45 ie when an 
occlusive cuff is placed around the arm, the pressure in 
excess of the existing venous pressure is transmitted with 
high fidelity to intraluminal vein pressure; this causes 
a Rapid Volume Change (RVC) of the forearm, which is 
attributable to vascular distension44 (Figure 3).

One of the main assumptions of VOP technique is that the 
cuff pressure applied to the limb equals the venous pressure at 
the level of the strain gauge used in the forearm to measure 
the volume response. No volume response will occur until the 
occlusive cuff pressure exceeds the ambient venous pressure, 
so that the first sign of a volume response will indicate that 
the ambient venous pressure has been exceeded.43

Following this principle in VenCoM, if the occlusive 
pressure applied through B1 is lower than the actual venous 
pressure, there will be no volumetric variation at the level of 
the forearm “OFF Response”, whereas if the occlusive pres-
sure is higher than the actual venous pressure, a volumetric 
response (RVC) occurs in the forearm “ON Response”, and it 
can be detected as pressure variation in the sensing cuff B2.

The VenCoM device calculates the CVP by measuring 
pressures within the cephalic, basilic, and brachial veins, 
ie, Peripheral Venous Pressures (PVP), which are very 
close to those of the superior vena cava (Figure 4), due 
to the low resistance to venous return.37

A highly significant positive correlation (r=0.86÷0.89, 
p<0.001) between central venous and peripheral venous 
pressures has been previously reported.14,46 Among stu-
dies comparing PVP with CVP,29 the ones involving 
a rather large population14,46 found a mean difference 

Figure 1 Schematic representation of the prototypal VenCoM device (A) and a photograph of the overall device assembly during a measuring session (B).
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between peripheral and central venous pressure of 2 
mmHg, thus suggesting the measured PVP should be 
adjusted by the average bias of −2 mmHg to estimate CVP.

Following these findings, the VenCoM device provides 
an estimated CVP value (eCVP), by subtracting a 2 mmHg 
offset value from the measured PVP.

The VenCoM measuring algorithm consists of a series 
of steps of cuff inflations/deflations and automatic proces-
sing of the two acquired pressure signals from the cuffs, in 
order to provide an estimated CVP value in just few tens 

of seconds. At each step of inflation, the PB1 cuff is used 
to induce an equal intraluminal vein pressure in the fore-
arm, how has been widely described.28

This automatic multi-step measuring algorithm is exem-
plified with an equivalent hydraulic scheme in Figure 5.

During the measurement session, pressure signals 
(PB1, PB2) from sensors connected to the two pneumatic 
cuffs are captured in real time via the GUI, and at the end 
of the measuring sequence the eCVP, obtained from the 
measured PVP, is shown in mmHg.

Figure 2 Block diagram of the main components of VenCoM device.

Figure 3 Example of VOP principle: (B, C) rapid volume change (RVC) in the forearm occurring when an occlusive (OC) pressure exceeding the actual central venous 
pressure (CVP) is applied to the arm; (A) no RVC is observed if OC pressure is below the actual CVP.
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Experimental Tests
We performed preliminary experimental tests to evaluate the 
VenCoM device in terms of measurements’ repeatability, and 
the system’s capability in assessing small elicited venous 
pressure variations, as well as a simulated venous hyperten-
sion condition, by artificially inducing a venous pressure 
increase.

Five voluntary healthy subjects (3 females and 2 males, 
mean age 39 ± 9 years) underwent the experimental tests 
according to the study protocol approved by local Ethics 
Committee (Comitato Etico 1 Lazio, Italy). The tests were 
conducted in accordance with the Declaration of Helsinki, and 
subjects provided written informed consent to take part to the 
test sessions.

Figure 4 Relation between central venous pressure (CVP) and peripheral venous pressure (PVP).

Figure 5 The multi-step measuring algorithm used in VenCoM to obtain a quite accurate estimate of CVP (eCVP) by consecutive approximations is illustrated here through 
an hydraulic scheme. PVP stands for “peripheral venous pressure” (directly correlated to CVP). Blue bars represent the applied occlusive (OC) pressure at each step. The 
red bar represents the forearm volume, therefore the rapid volume change (RVC) that occurs when an OC pressure exceeds the actual venous pressure.
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A first testing session (Test 1) consisted of 15 repeated 
CVP measurements, using the VenCoM device. Between 
one measurement and the next, the two measuring cuffs 
(B1, B2) were removed and put on again, in order to also 
take into account the effect of slight differences in posi-
tioning the cuffs, that may occur in clinical practice.

In a second session (Test 2), we changed the height 
between the centre of the occlusive cuff and the level of 
the right atrium by raising and lowering the arm with respect 
to the table by well-defined distances. This allowed, accord-
ing to the hydrostatic law, to elicit controlled CVP reduc-
tions and increases starting from an initial condition of no 
difference (Figure 6). In the first measurement (a), the center 
of the occlusive cuff was kept at the same height as the heart 
(∆H=0). In the second measurement (b), the forearm was 
lifted through a 7.5 cm-high block to obtain a negative 
height difference (∆H1= −3 cm) between the heart and the 
center of the cuff, corresponding to a decrease, in mmHg, of 
about −2 mmHg (∆P1). In the third measurement (c), the 
arm was lowered relative to the level of the heart by lifting 
the seat through the same block, in order to obtain a positive 
height difference (∆H2=3 cm) between the heart and the 
center of the cuff, corresponding to an increase, in mmHg, of 
about 2 mmHg (∆P2) (Figure 6).

When passing from measurement a) to measurement b), 
and to measurement c), it is expected eCVP variations corre-
sponding to the elicited ∆P1, ∆P2 variations. For each condi-
tion (a, b, c), three repeated VenCoM measurements were 
carried out.

In a third session (Test 3), as reported in,28 an elicited 
venous hypertension was induced by applying an occlusive 

tourniquet (GIMA 25727, Milan, Italy) upstream of the 
occlusive cuff, and graduating the elastic band to reproduce 
a quite similar tension between one test and another. The 
tourniquet was applied in order to induce a venous hyperten-
sive condition, which reproduces the value of a pathological 
congestive status (eg, within a range 12 ÷20 mmHg).

After 1 minute of applying the tourniquet, the corre-
sponding eCVP value was measured. The eCVP measure-
ment was repeated 3 times, by releasing and applying 
again the tourniquet with the same tension and position.

Results
Test 1 results showed a repeatability of ±1mmHg for eCVP 
measurements provided by VenCoM device (Figure 7).

The device was also able to reliably detect the elicited 
venous pressure variations. Results from Test 2 showed 
a good correspondence between the elicited small venous 
pressure variations (∆P1= −2 mmHg, ∆P2= +2 mmHg), 
and the obtained eCVP measurements (Figure 8).

In Test 3, the tourniquet application induced 
a repeatable increase of venous pressure from a basal 
condition to a venous hypertensive status falling within 
the pathology range (12÷20 mmHg). The VenCoM device 
was therefore able to reliably detect such state of venous 
congestion (Figure 9).

Discussion
The proposed VenCoM device is an automatic and easy-to- 
use system, which is able to provide a fast and repeatable 
CVP estimate. The experimental tests performed on volun-
tary healthy subjects showed a solid repeatability in the 

Figure 6 Scheme of the experimental set-up to elicit known venous pressure variations (∆P1, ∆P2) by changing the height (∆H1, ∆H2) between the center of the occlusive 
cuff and the level of the right atrium (B, C), starting from no height difference (A).
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provided eCVP measurements, and the capability of the 
VenCoM device to reliably detect the elicited venous 
pressure variations, including small controlled CVP reduc-
tions and increases, as well as an induced venous hyper-
tension condition. The great potential of the VenCoM 
device over the other currently used techniques for CVP 
assessment is that it may provide a non-invasive 

measurement, without being operator-dependent. Indeed, 
even if echo-derived indexes (ie, IVC diameter and collap-
sibility or Caval Index, IVCCI) are well-accepted and used 
in the clinical practice for non-invasive CVP assessment, 
they require highly skilled examiners to be correctly per-
formed, thus they remain essentially operator-dependent, 
and they are viable only in a hospital or office setting. 

Figure 7 Results of repeatability tests, performed in 5 subjects.

Figure 8 Results collected when eliciting small venous pressure variations by changing the relative position between the center of the occlusive cuff and the heart (∆H1, 
∆H2).
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Conversely, the VenCoM device provides an objective 
CVP estimation, which is independent from the operator 
who performs the measurement. Moreover, considering 
a future release of the device as a sort of “portable venous 
sphygmomanometer”, it may be suitable also for patients’ 
self-assessment in home environment.

The main limitation of the described VenCoM device is 
its current prototypal nature, although the system function-
ality and principle have been extensively tested in the 
laboratory setting.

The device needs to be tested on a large sample size of 
both healthy and pathological subjects. For this purpose, 
a systematic clinical investigation with the device has been 
planned including CVP assessment in HF (Stressecho 
2020: Prot. N. 592/CE Lazio 1), hepatic and renal dysfunc-
tions, and COVID-19 disease.

For the clinical validation of the device, we have planned 
to perform VenCoM measurements on a large cohort of 
outpatients requiring abdominal ultrasound imaging, in 
order to compare the obtained eCVP values with the echo- 
derived indexes of non-invasive CVP assessment (ie, IVC 
diameter and collapsibility or Caval Index, IVCCI).

Indeed, although an ideal gold standard for CVP 
assessment would be invasive measurements using 
a manometered tip catheter, such invasive measurements 
would be impractical and unethical considering the poten-
tial risks of catheter insertion, and the patient recruitment 
would be limited to critical care settings.

For this reason, we chose echo-based CVP assessment, 
which is considered a well-accepted and reliable non- 
invasive technique,26,27 that has been favourably validated 
relative to invasive hemodynamic measurements by 
numerous past and recent studies,30–33 but not by 
a recent review,34 which does not seem to support these 
echo-derived measurements.

In future clinical studies, the inclusion of critically ill 
patients will be considered in order to validate the 
VenCoM system also versus invasive CVP measurements.

During the clinical evaluation, we have planned to 
carry out a usability assessment of the new measurement 
device, both from the healthcare professionals, eg, collect-
ing their perceived ease of using the device, and from the 
patients.

In the following sections, we give an overview of 
potential clinical applications of the novel VenCoM 
device, including monitoring of venous congestion in 
heart failure patients and in subjects with hepatic and 
renal dysfunction, as well as pulmonary hypertension 
(PH) also extendable to Coronavirus disease 2019 
(COVID-19) patients even after recovery.

VenCoM in Heart Failure
Heart Failure (HF) patients represent one of the most com-
mon and most fragile hospital populations. In western coun-
tries, they are estimated to account for a prevalence of >2% 
of the population with a 0.3–0.5% annual increase in new 

Figure 9 Results collected with elicited venous hypertension (VH).
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cases.47,48 HF prevalence in US is predicted to increase from 
2.42% in 2012 to 2.97% in 2030. The frequent hospitaliza-
tions and long hospital stays lead to an extremely high 
economic burden that healthcare institutions need to take 
on for the management of these patients.49 To cope with this 
health emergency, a more efficient patient management and 
better diagnostic tools outside of hospitals are of extreme 
importance, in order to improve patient monitoring, their 
quality of life, and to prevent decompensation events redu-
cing hospitalization frequency as a consequence.

It is well known that an increase of cardiac filling 
pressure anticipates by several days (up to 25) the acute 
HF event. Patients remain asymptomatic until the dyspnea 
phase occurs, which usually triggers the need of 
hospitalization.50,51 Indeed, the increase in filling pres-
sures (hemodynamic congestion) is the first indicator of 
the onset of the decompensation process, which precedes 
the “clinical congestion” occurring with the objective 
symptoms and signs, eg, dyspnoea, orthopnea, cough, 
pulmonary rales and resulting in hospitalization.

The CVP corresponds to the average pressure in the vena 
cava or in the right atrium (RAP, Right Atrial Pressure), and 
in the absence of tricuspid stenosis, it is a direct indicator of 
the filling pressure of the right ventricle.16 As clearly 
reported in,52 given the strong relationship between right- 
sided filling pressures (RAP) and left-sided filling pressures 
pulmonary capillary wedge pressure (PCWP), accurate esti-
mation of RAP can potentially guide therapy in approxi-
mately 80% of chronic heart failure patients.

In this context, the VenCoM device, providing a non- 
invasive assessment of CVP in hospital, office and home 
settings, fits perfectly within the strategy to monitor RAP. 

This allows for the early identification of patients who will 
present a new episode of acute HF, and for the prompt 
optimization of their pharmacological treatment for an 
overall reduction of HF hospitalizations.

An example of VenCoM use for monitoring HF 
patients is represented in Figure 10.

The VenCoM device may guide the home management 
programs for recently hospitalized patients, contributing to 
improving symptoms, stabilizing decongestion, and prevent-
ing rehospitalization. In this perspective, the VenCoM 
device can offer a non-invasive alternative to the 
CardioMEMSTM system (by Abbott Laboratories), the first 
and only FDA-approved wireless implantable HF monitor 
for the assessment of pulmonary artery pressure (PAP).53 

There is no evidence that CVP should be measured continu-
ously during the day’s 24 hours; thus, the possibility of 
measuring an equivalent parameter through an external 
tool challenges the use of an implantable device. In addition, 
CardioMEMS has not been designed to work continuously.

VenCoM measurements can also be useful in categoriz-
ing patients admitted with a history of HF according to the 
previously identified four clinical profiles based on evidence 
of congestion and perfusion:54 Profile I Warm & Dry repre-
senting no congestion or hypoperfusion; profile II Warm & 
Wet, congestion without hypoperfusion; profile III Cold & 
Dry, hypoperfusion without congestion; and profile IV Cold 
& Wet, both congestion and hypoperfusion (Figure 11).

VenCoM in Hepatic and Renal 
Dysfunction
The venous congestion, as a consequence of the right-side 
filling pressure increase and CVP as well, has important 

Figure 10 Example of CVP trend assessed with VenCoM device in a subject with congestive heart failure before (measurement (A) and after successfully diuretic treatment 
(B–F measurements).
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implications on secondary organ dysfunction mainly invol-
ving the kidneys and liver, as well as a pro-inflammatory 
effect on other districts like gastrointestinal tract, brain, 
and skeletal muscles.55 Hence, the VenCoM device could 
also play an important role for monitoring and for prevent-
ing these secondary organ dysfunctions.

With regards to kidneys, it is widely reported that venous 
congestion is an important factor contributing to the 
Worsening Renal Function (WRF) that follows HF-related 
hospitalizations, together with a reduced renal perfusion.56–58 

Elevations of central venous pressure are rapidly transmitted 
to the renal veins, causing increased interstitial and tubular 
hydrostatic pressures, which decrease net glomerular filtra-
tion in both acute and chronic heart failure.59

The direct relationship between the venous congestion 
and the incidence of WRF is clearly shown in,60 that 
reports an incremental risk in WRF with increasing cate-
gories of baseline CVP with 75% of subjects with 
a baseline CVP >24 mm Hg developing WRF.

Additional studies confirm such direct relationship 
between elevated CVP values and renal congestion, as well 
as an association of increased CVP with reduced survival in 
a broad spectrum of patients with cardiovascular diseases.8 

A recent study61 reports, again, that elevated CVP in HF 
promotes renal congestion, and underlines how there is no 
direct method to assess renal congestion. The VenCoM 
device may represent the answer to this so far unmet need, 
allowing for new insights on renal congestion.

When hepatic alterations are considered, a correlation 
between increased CVP and liver cirrhosis has been 
observed. As reported in,62 the “cardiac cirrhosis” is 

a typically non-inflammatory disease developing in 
patients with Right Heart Failure (RHF) and liver conges-
tion, and it seems to be solely related to venous pressure. 
Increased CVP is associated with a pronounced pro- 
fibrogenic response and histological fibrosis progression 
in the absence of inflammation; therefore, patients with 
longstanding liver congestion during HF are prone to 
develop pressure-associated liver fibrosis.

Studies63,64 highlight how congestive hepatopathy arises 
from chronically elevated right sided heart pressures trans-
mitted to the liver by passive venous congestion, and how 
hepatic congestion due to cardiac causes plays an important 
role in hepatic fibrosis. Many other studies65–68 demon-
strated a linear correlation between CVP and Liver 
Stiffness (LS), which is not only determined by liver fibro-
sis, but it is also directly influenced by venous pressure.

Therefore, a non-invasive and accessible CVP mea-
surement like the one provided by VenCoM device can 
be very useful for the purpose of discriminating those liver 
congestions that are mainly due to cardiac causes.

VenCoM in Pandemic COVID-19
Non-invasive CVP assessment using VenCoM may also 
have an important role in the monitoring and classification 
of pulmonary hypertension (PH) in COVID-19 patients 
during their hospital stay, as well as after discharge to 
appropriately manage any persistent or emerging long- 
term sequelae of the pathology.

Clinical observations in patients with COVID-19 
showed that, in addition to the respiratory infection, 
a systemic inflammatory response occurs, which leads to 

Figure 11 Example of use of VenCoM measurements for categorizing HF patient history according to the four clinical profiles of congestion dry/wet and perfusion warm/ 
cold: transition from profile II (point 1) to profile I (point 2), after the infusion of a drug for treating pulmonary hypertension, ie, reducing CVP.
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coagulation disorders and consequent venous thromboem-
bolism that may cause development of PH.69–71 PH, 
defined by a mean pulmonary artery pressure (mPAP) 
≥25 mm Hg at rest, is the most common cause of Right 
Heart Failure (RHF).72 In patients with severe COVID-19, 
multiple concomitant mechanisms seem to contribute to 
the development of PH, this including cytokine storm, 
endothelial injury, hypercoagulability attributing to devel-
opment of venous thromboembolism, worsening myocar-
dial injury, and the presence of thrombotic 
microangiopathy.70

Concurrently, survivors of severe COVID-19 are 
expected to experience persistent impairment in the pul-
monary function (eg, pulmonary fibrosis, elevated pul-
monary artery pressures) and are predisposed to develop 
RHF.73,74 In a recent study,75 it was reported that in 
a cohort study on 1469 consecutive COVID-19 patients 
with pneumonia diagnosis, 412 (28%) showed an 
enlarged main pulmonary artery diameter (MPAD) and 
resulted to be associated with PH severity at RV cathe-
terization and with higher rate of mortality.76 Elevated 
CVP may work as a preliminary indicator of right ven-
tricular dysfunction, which is crucial during the devel-
opment of PH. Elevated mean CVP (>12 mmHg) is 
independently associated with the occurrence of PH in 
patients with ARDS, thus highlighting the importance of 
CVP monitoring in the management of ARDS.77,78

Therefore, the long-term follow-up of cardiopulmonary 
function for COVID-19 survivors could become a relevant 
health problem in the near future, given the large number 
of patients infected by COVID-2019 worldwide. In this 
context, measuring the venous congestion in a quick and 
practical manner by the new VenCoM device, could be 
extremely useful for both the management of clinical PH 
following COVID-19 during the acute phase, and the 
monitoring of pulmonary and vascular remodeling effects 
after recovery to provide the best long-term management 
of survivors.

VenCoM in Preventive Medicine
Smart non-invasive systems are an interesting solution for 
home-based and clinic-based health monitoring, providing 
a safe and comfortable environment for home healthcare, 
preventive medicine, and public health.

A prospective use in preventive medicine for the 
VenCoM device is also conceivable, similar to the current 
widespread adoption of electronic blood pressure 
monitors.

To date, no stratification for CVP values exists for the 
healthy population, eg, by sex, age, BMI, since it is not 
currently possible to measure CVP in a simple and non- 
invasive way. Such stratification may become increasingly 
important as the general patient population ages and 
patients have a variety of pre-existing chronic disease 
states (such as hypertension, heart failure, diabetes, and 
chronic obstructive pulmonary disease) that may have 
a direct reflection on an increased CVP.

Clinical experience shows the significant incidence of 
hepatic and renal pathologies in correspondence with an 
HF-derived venous congestion (CVP>12 mmHg),55 inde-
pendently from the reduced cardiac output.9

A more general vision might lead to hypothesize the 
existence of a still unexplored “grey zone” CVP = 8÷12 
mmHg), in which venous congestion has no clinical evi-
dence, but may contribute, if persistent in the long term, to 
develop secondary organ dysfunctions, like hepatic and 
renal alterations (Figure 12).

A future widespread use of the VenCoM device in the 
normal asymptomatic population would pave the way to 
define a CVP-based stratification for preventive purposes; 
the device could be used, for example, to identify the grey 
zone in those subjects, who are at higher risk of develop-
ing congestion-related diseases.

Conclusions
In this work, we have introduced a novel, non-invasive 
device for the hospital, office and home assessment of 

Figure 12 Scheme depicting the supposed CVP-based stratification of population in normal/grey zone/congestion that could be achieved by measuring CVP in a simple and 
non-invasive way, for preventive medicine purposes.
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CVP. Compared to the currently used and proposed non- 
invasive techniques for CVP assessment, the VenCoM 
device has the advantage of being an automatic and easy- 
to-use system which is able, in proof of concept healthy 
subjects, to provide a fast and repeatable CVP estimate.

The device needs to be tested further on a large sample 
size of both healthy and pathological subjects, to system-
atically validate its reliability and impact in clinical setting.
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