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Abstract

This editorial discusses the manuscript by Di Maria et al, published in the recent
issue of the World Journal of Cardiology. We here focus on the still elusive patho-
physiological mechanisms underlying cardio-renal syndrome (CRS), despite its
high prevalence and the substantial worsening of both kidney function and heart
failure. While the measure of right atrial pressure through right cardiac catheter-
ization remains the most accurate albeit invasive and costly procedure, integra-
ting bedside ultrasound into diagnostic protocols may substantially enhance the
staging of venous congestion and guide therapeutic decisions. In particular, with
the assessment of Doppler patterns across multiple venous districts, the Venous
Excess Ultrasound (VExUS) score improves the management of fluid overload
and provides insight into the underlying factors contributing to cardio-renal
interactions. Integrating specific echocardiographic parameters, particularly those
concerning the right heart, may thus improve the VExUS score sensitivity,
offering perspective into the nuanced comprehension of cardio-renal dynamics. A
multidisciplinary approach that consistently incorporates the use of ultrasound is
emerging as a promising advance in the understanding and management of CRS.
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Core Tip: While conventional approaches of managing fluid overload in heart failure have long relied on clinical
examination, there is room to incorporate patient phenotyping and predict the development of cardio-renal syndrome. We
here discuss implementation of the multi-parameter Venous Excess Ultrasound scoring system, which is helpful in avoiding
missteps in the assessment and therapeutic decision-making processes. Our aim is to emphasize the emerging role of these
feasible, safe and low-cost tools that are easy to implement in clinical practice. Integrating echocardiographic parameters
with thorough clinical assessments could provide a comprehensive approach to managing cardio-renal syndrome.
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INTRODUCTION

The article by Di Maria et al[1], recently published in the World Journal of Cardiology, emphasizes the significance of
ultrasound as a diagnostic tool for assessing and managing fluid overload. Venous congestion and worsening of kidney
function are common and often concomitant findings in patients with heart failure (HF). While they are traditionally
approached with clinical experience, medical examination alone has been proven to be insufficient for assessing venous
congestion and fluid overload status in complex scenarios. Implementing clinical practice with instrumental approaches
is now becoming essential in HF and kidney disease, especially in acute-on-chronic conditions. Among these approaches,
ultrasonography is emerging as the standard of practice for daily bedside evaluation and therapeutic decision-making.
Advances in methodology are bringing ultrasound performance closer to that of right heart catheterization without any
procedure-related risk. The intrinsic properties of ultrasonography (e.g. dynamism and reproducibility) may also confer
the potential to reveal yet-hidden pathophysiological mechanisms linking volume overload in HF and kidney injury.

VENOUS CONGESTION AND CARDIORENAL INTERACTION

Overview and outlook

Whether HF may generate or precipitate impairment of kidney function, and vice versa, is undoubtedly a common finding
affecting approximately 30-60% of HF patients[2,3]. The so-called cardio-renal syndrome (CRS) encompasses a broad
spectrum of pathophysiologically distinct processes, where worsening renal function stands as the central tenet and
ultimately drives the prognosis[4,5]. In this context, a thorough understanding of the role of venous congestion in shaping
the development of CRS holds substantial promise for refining its management strategies. Recent insights are challenging
the classical view of renal dysfunction in congestive HF as secondary to hypoperfusion, reduced systemic blood pressure,
and/or impaired left ventricular function. As highlighted by the ESCAPE trial in 2008, the cardiac index does not account
entirely for the baseline glomerular filtration rate (GFR)[6], resulting in somewhat unpredictable responses to loop
diuretics among patients[7,8]. Similarly, a rise in the blood urea nitrogen/creatinine ratio in HF should not deter from
treating congestion - when present - as the worsening of renal function frequently arises amid volume overloads. Both
cardiac output and volume overload may indeed trigger a vicious cycle sustained by neurohormonal adaptations (i.e.,
sympathetic nervous system and renin-angiotensin-aldosterone system) that ultimately increase cardiac work and
afterload through an inotropic effect and arterial vasoconstriction, respectively. Whatever the primum movens is, the
consequent reduction in renal perfusion exacerbates sodium retention and venous congestion[9,10]. Whether isolated or
concomitant, right ventricular (RV) dysfunction poses further challenges as the rise in central venous pressure (CVP) has
the potential to decrease GFR. Diuretic therapy plays a role in RV dysfunction, independently of cardiac output, with a
double effect on renal venous pressure and ventricular interdependence[11,12]. However, the current extensive use of
CVP for guiding fluid therapy lacks substantial evidence[13]. Finally, the decompensated HF scenario commonly
involves splanchnic veins with a progressive rise in intra-abdominal pressure that further contributes to renal venous
hypertension and a rise in cardiac filling pressure[14,15].

Venous excess ultrasound assessment

The use of bedside ultrasonography for fluid status assessment is established in current practice but is still limited to a
one-venous region focus, mainly on the inferior vena cava (IVC). This approach limits an accurate estimation of left
ventricle preload as IVC dilation diagnostic efficacy was found to be suboptimal and fails to quantify the extent of
upstream venous congestion such as liver, gut, and kidneys[16]. Recognizing venous congestion - and the underlying
patterns - before clinically evident is an unmet clinical need that would substantially impact a patient’s prognosis and
healthcare system running. The question is whether ultrasound may accomplish that without highly specialized skills.
Doppler flow patterns alone may aid in grading the extent of venous congestion without insights on the underlying
cause. In 2020, the Venous Excess Ultrasound (VExUS) score was introduced as a multi-parameter score able to stratify
congested HF failure for severity and the risk of developing acute kidney injury (AKI)[16,17]. This scoring system
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includes a 4-step protocol, ranging from grades 0 to 3. It not only assesses the IVC diameter but also evaluates the severity
of venous congestion in three target organs using color Doppler and pulsed-wave Doppler in hepatic, portal, and renal
veins. Hence, it has the potential to greatly contribute to a deeper comprehension of the frequently overlooked issue of
venous congestion[18]. A correlation between the VExUS score and AKI in patients with acute coronary syndrome was
emphasized in a prospective study[19]. Notably, an enhancement in renal function was linked to an improvement in the
VExUS score grade, as demonstrated in patients admitted to the intensive care unit who experienced more days free from
renal replacement therapy[20]. Once validated, the VExUS score is expected to substantially enhance clinical practice by
offering valuable insights for clinical decision-making[21]. Moreover, the VExUS score might offer the opportunity to
phenotype HF and the related risk of AKI, including the elusive potential of right HF. In this context, integrating the
VExUS Score with a focus on right heart ultrasound patterns would be relevant, as right heart dilation and dysfunction
are likely associated with CRS, especially when stemming from severe congestion[11]. The VExUS score already exhibits
substantial reliability in correlating with venous congestion, right atrial pressure, assessed through right catheterization,
and portal vein flow[22-24]. However, the prognostic value of the VExUS score has not yet been validated, despite some
insight from the monophasic intrarenal venous pattern and high pulsatility ratio of the portal vein[25,26].

CONCLUSION

The pathophysiologic mechanisms contributing to CRS remain widely unexplained and underscore the limit of a
traditional approach based on clinical experience. The VExUS score is emerging as an intriguing tool for specifically
evaluating venous congestion through ultrasonography, potentially offering an approach to unravel hidden patho-
physiological aspects of CRS.
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