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Abstract

Congestive nephropathy is kidney dysfunction caused by the impact of elevated venous
pressures on renal hemodynamics. As a part of cardiorenal syndrome, the diagnosis is
usually made based on history and physical, with findings such as jugular venous
distension, a third heart sound, and vital signs as supporting findings. More recently
however, these once though objective measures have come under scrutiny for their
accuracy. At the same time, bedside ultrasound has increased in popularity and is
routinely being used by clinicians to take some of the guess work out of making the
diagnosis of volume overload and venous congestion. In this mini review, we will
discuss some of the traditional methods used to measure venous congestion, describe
the role of point-of-care ultrasound and how it can ameliorate a clinician’s evaluation,
and offer a description of VExUS, a relatively novel scoring technique used to
objectively quantify congestion. While there is a paucity of published large scale clinical
trials evaluating the potential benefit of ultrasonography in venous congestion
compared to gold standard invasive measurements, more study is underway to solidify

the role of this objective measure in daily clinical practice.

INTRODUCTION




It is well known that unresolved congestion is associated with adverse outcomes in

patients with heart failure, increasing the risk of re-hospitalization and death. [1.2. In
2017 alone, heart failure admissions occurred at a rate of approximately 5 per 1000 US
adults with about a quarter of those patients experiencing readmissions, which
highlights the magnitude of this problem . The deleterious effects of fluid overload are
now being recognized outside of heart failure, with multiple studies showing a positive
fluid balance being associated with increased mortality [45. Though seemingly
straightforward, evaluation and management of congestion requires a thorough
understanding of the pathophysiology and hemodynamic principles. Multiple bedside
diagnostic methods and tools exist for clinicians to assess congestion including signs
and symptoms, physical examination, laboratory data and radiography, but these all
have limitations. On the other hand, timely diagnosis is vital as faster rates of
decongestion are associated with a reduced risk of mortality and hospitalization [¢l. In
addition, end-organ effects of fluid overload are being increasingly recognized, which
brings us to the topic of congestive nephropathy. Congestive nephropathy is defined as
renal dysfunction that occurs due to venous congestion leading to impaired organ
perfusion I7l. While this term was recently coined 8], several studies have previously
shown that elevated central venous pressure (CVP) is associated with worsening renal
function despite preserved cardiac index [°l. This does have pathophysiologic basis as
the renal perfusion pressure is the difference between mean arterial pressure and CVP;
if the CVP is elevated, the perfusion pressure drops, impairing the renal blood flow. In
addition, activation of the renin angiotensin-aldosterone system and consequent
sodium and water retention, interstitial edema, endothelial dysfunction and increased
intra-abdominal pressure all contribute to increased pressure within the encapsulated
kidney (renal tamponade) ultimately leading to organ dysfunction. Further, renal
dysfunction can exacerbate the existing fluid overload, resulting in a vicious cycle. In
this article, we will provide a kidney-centric overview of the bedside tools available to

assess congestion, focusing on advances in point of care ultrasonography (POCUS).




CONVENTIONAL METHODS TO ASSESS CONGESTION

The bedside assessment of a patient’s intravascular volume is challenging.
Traditionally, this assessment involves taking a thorough history and performing
cardiopulmonary physical examination. A patient’s given history can often be
misleading or not reflective of their hemodynamic physiology. Physical exam, including
assessment of jugular venous pressure (JVP), lower extremity edema, presence of an
’S3’, and auscultation of lungs for evidence of pulmonary edema, has traditionally been
a common way for clinicians to assess intravascular volume status at the bedside. This
is wrought with subjectivity and inaccuracies, and has almost no correlation with right
heart catheterization, which is the invasive gold-standard assessment [1011l. Similarly,
chest X-ray remains a common modality to diagnose pulmonary congestion resulting
from heart failure or other etiologies, despite having considerable diagnostic limitations
including high false negative rate [12l. The degree of venous congestion beyond that of
the jugular vein, specifically the alteration of blood flow in the hepatic, portal, and renal
veins leading to congestive organ injury cannot be assessed by physical exam or an X-
ray. All these traditional approaches have significant limitations and cannot reliably
detect hemodynamic congestion. Diagnosis of congestive nephropathy is challenging as
no gold standard exists. Traditionally, the diagnosis of congestive nephropathy has
been based on clinician gestalt after a trial-and-error period without any objective way
to evaluate renal hemodynamics. POCUS using vascular Doppler analysis is emerging
as a promising modality to assess for venous congestion along the continuum from the

heart to the kidneys.

POINT-OF-CARE ULTRASOUND

POCUS is a limited ultrasound exam performed at the bedside and interpreted by the
treating physician. It is used to answer focused clinical questions, and is integrated with
the patient’s history, physical exam, and other available data to narrow the differential
diagnosis and inform management. POCUS is becoming more accessible to clinicians

owing to the recent advances in ultrasound technology and availability of the low-cost,




highly portable equipment. Compared to conventional examination, POCUS offers
substantially higher diagnostic accuracy [3l. In the context of heart failure and
congestion, POCUS not only aids in the diagnosis, but also guides decongestive therapy
with potential implications for patient outcomes. In this section, we will outline the
various components of sonographic evaluation of a patient with suspected fluid

overload/venous congestion.

LUNG ULTRASOUND:

Lung ultrasound (LUS) has shown superiority over chest x-ray for nearly all clinical
indications [l and can detect extravascular edema prior to the onset of clinical
symptoms. From diagnosing pneumonia [**! to identifying pulmonary edema [1¢l, LUS
has proven to be more accurate, and in some settings, more accessible. In a meta-
analysis of 6 studies and more than 1800 patients, LUS had better sensitivity (88% uvs
73%) when compared to chest X-ray for the diagnosis of cardiogenic pulmonary edema
1171, LUS findings are shown to have prognostic significance in various clinical scenarios
including heart failure and end-stage renal disease '8, With respect to guiding
therapy, in the recent LUST trial [0l LUS-guided ultrafiltration strategy was associated
with a reduction in the recurrence of decompensated heart failure and other
cardiovascular events in hemodialysis patients. Similarly, in heart failure patients, LUS-
guided management has shown to reduce acute decompensation events and urgent care
visits 12122, LUS is an important diagnostic, prognostic, and management tool in the
assessment of clinical or subclinical fluid overload. While it does not directly diagnose
congestive nephropathy, it influences the treatment by establishing fluid tolerance vs
intolerance. For example, in a patient with acute kidney injury, presence of
extravascular lung water on LUS would sway away the clinician from administering
empiric intravenous fluids, thus avoiding iatrogenic fluid overload. Figure 1 illustrates

normal and abnormal LUS findings seen in fluid overload.

FOCUSED CARDIAC ULTRASOUND:




Focused cardiac ultrasound (FoCUS) is a POCUS exam of the heart and inferior vena
cava (IVC). Essentially, it is a limited and problem-focused evaluation performed by
any clinician trained in POCUS analogous to auscultation and not restricted to
cardiologists. On the contrary, consultative echocardiography involves a
comprehensive evaluation documenting a predefined set of parameters and
measurements. FOCUS has a much higher diagnostic accuracy than conventional
physical examination [3! and quickly provides vital information related to cardiac
structure and function. Pathologies requiring immediate attention such as pericardial
effusion, impaired contractility, gross chamber enlargement and valvular anomalies can
be diagnosed at the bedside and promptly addressed. In addition, IVC ultrasound
allows non-invasive estimation of the CVP/right atrial pressure (RAP). As mentioned,
elevated CVP is the starting point of venous congestion and is associated with impaired
renal function as well as mortality (24l In spontaneously breathing patjents, current
guidelines recommend stratifying RAP as follows. RAP is estimated to be 3 mmHg (0-5
mmHg) if the maximal anteroposterior diameter of the IVC is < 2.1 cm with >50%
collapse during a sniff. If the IVC is > 2.1 cm and collapses < 50%, RAP is documented
as 15 mmHg (10-20 mmHg). An intermediate value of 8 mmHg (5-10 mmHg) is
assigned where IVC parameters do not fit this paradigm. Elevated RAP estimated by
IVC ultrasound is associated with hospital readmissions and mortality [>%], Despite its
simplicity and apparent clinical utility, isolated IVC ultrasound has several pitfalls.
First, estimation of RAP by IVC s not accurate in mechanically ventilated patients. Even
in those who are spontaneously breathing, strength of “sniff’ considerably varies among
patienta leading to false impressions. Moreover, trained athletes and active young
adults can have chronically dilated IVC without elevated RAP whereas patients with
elevated intra-abdomipal pressure may have collapsed IVC despite high RAP. In
addition, IVC POCUS in long axis is subject to cylinder effect, which means when the
ultrasound beam bisects the three-dimensional vessel (presumably a cylinder) in the
periphery rather than the center, a falsely low diameter will be recorded. This leads to

incorrect interpretation during follow up studies, particularly when different operators




are performing the study. Therefore, the IVC must be examined in both long and short
axis views, where feasible [27. 28], Also, in conditions such as cirrhosis, IVC size/shape
may be altered by the local structural changes making it unreliable to predict RAP.
Furthermore, it must be noted that isolated IVC POCUS does not provide real-time
information on end-organ congestion, which in turn depends on both RAP and venous
compliance. In other words, a plethoric IVC increases the probability of congestive
organ injury but cannot objectively demonstrate it.

VExUS:

VExUS stands for venous excess Doppler ultrasound. It involves Doppler evaluation of
the abdominal veins (hepatic, portal, intrarenal) to assess the flow pattern thereby
detect venous congestion that effects organ perfusion. While the Doppler patterns in
these individual veins have been studied long before 2932, the concept of VExUS is
fairly new and first documented by Beaubien-Souligny, et al. in 2020. In their study
including 145 cardiac surgery patients, the investigators found that severe flow
abnormalities in at least 2 of the 3 above-mentioned veins together with a dilated IVC (2
2 cm) predicts the risk of acute kidney injury (i.e.,, congestive nephropathy) with a
hazard ratio of 3.69, outperforming isolated CVP measurement [*l. Therefore, adding
VEXUS to IVC ultrasound improves the risk prediction of organ dysfunction. Based on
the degree of flow alteration in individual veins, a scoring system was proposed to
quantify systemic venous congestion, which is illustrated in Figure 2. In addition to
diagnosing congestion, VExUS allows objective monitoring of congestion while the
patient isdeceiving decongestive therapy as these waveforms are dynamic [3l. For
example, Argaiz, et al. have demonstrated that improvement in portal vein pulsatility
coincides with improvement in renal function in patients with heart failure receiving
diuretic therapy [l In addition, several case reports exist demonstrating this
phenomenon in multiple veins [3-41l. While there have not been published randomized
clinical trials to date, outcome data for VExUS is emerging in the literature. For
example, a high VExUS score, indicating severe hemodynamic congestion, has been

shown to be associated with development of acute kidney injury in various clinical




settings P4 42 Specifically in heart failure patients, altered renal vein flow has been
shown to confer worse outcomes [4345] In isolation, all these waveforms have
limitations, which we have discussed in detail previously and is beyond the scope of
this manuscript 146 471 Of particular note, VExUS cannot distinguish between volume
and pressure overload. For instance, a patient with precapillary pulmonary
hypertension can have the same Doppler stigmata of congestion as a patient with
iatrogenic fluid overload. It's up to the clinician to interpret the findings in the
appropriate clinical context and in conjunction with other sonographic parameters (e.g.,
Doppler echocardiography). Having said that, congestion from any cause (pressure or
volume) still leads to congestive nephropathy. In a large cohort of patients with
pulmonary hypertension, Husain-Syed, et al. showed that intrarenal venous congestion
correlates with renal dysfunction as well as mortality/ morbidity end point, which

exemplifies this concept 1481,

EXTENDED VExUS:

The term E-VExUS or extended VExUS has been proposed to include Doppler
interrogation of additional veins such as internal jugular, superior vena cava, splenic
and femoral veins in situations where the primary veins (e.g., hepatic, portal in
cirrhosis, intrarenal in advanced kidney disease) suffer from limitations [25.49]. This also
includes estimation of RAP by greyscale POCUS of the internal jugular vein where IVC
is not accessible or unreliable. Doppler components of E-VExUS are illustrated in Figure
3. Similar to the components of original VExUS, these veins have also been studied
individually and shown to be useful to gauge the effects of elevated RAP [50-31. Of late,
femoral vein Doppler is gaining attention due to relative ease of image acquisition. In a
recent study including 57 patients undergoing right heart catheterization, femoral vej

flow alteration graded by stasis index showed excellent diagnostic performance to
detect elevated RAP (specificity: 92.3% [80.0-99.3], diagnostic accuracy: 90.4 [77.4-97.3],
positive likelihood ratio: 12.5 [3.01-51.97]) 55I. However, caution must be exercised in

‘excluding’ elevated RAP/venous congestion based on the femoral vein alone as earlier




studies showed relatively low sensitivity [50l. This VExUS expansion is still in its early
stages of adoption, so there is need for more data to establish its clinical utility in
routine practice. Figure 4 is the sonographic representation of chain of venous congestion
from the right heart to femoral vein. Table 1 summarizes the key sonographic findings

and limitations of each application in the context of congestive nephropathy.

KNOWLEDGE GAPS AND FUTURE DIRECTIONS

While POCUS has gained a lot of traction over the last several years, it is sometimes met
with a degree of skepticism. Detractors are quick to point out that a significant mortality
benefit with use of POCUS has not been shown. For example, the SHoC-ED trial
randomized almost 300 patients with undifferentiated shock into a POCUS plus
standard of care vs standard of care without ultrasonography to help diagnose the
etiology of shock and help manage the condition. This showed no mortality benefit, no
decrease in length of stay, decrease in intravenous fluid use or decrease in rates of CT
scanning [%]. Conversely, the supporters of POCUS are quick to point out that achieving
a mortality benefit in an intervention that is not therapeutic is a mountain that may
prove too high to climb; in essence, unfair to expect of a diagnostic modality. In most
cases, POCUS and VExUS scoring help quantify congestion in an objective manner and
allow clinicians to rely much less on other unreliably recorded measures such as daily
weights and intake-output documentation. Several randomized controlled trials
incorporating VExUS are currently underway to determine its efficacy not only in the
diagnosis but also in guiding the management such as for dosing diuretics. The use of
elements of the extended VExUS exam need to be further validated in population wide
studies before becoming mainstays of the evaluation. Due to the medical community’s
long-standing affinity for objective scoring systems, VExUS will without a doubt
become more commonplace. However, there will continue to be significant demand
from clinicians for a show of mortality reduction before the practice becomes widely
adopted. In the meantime, it is important to give weight to other outcomes such as time

to diagnosis, readmission rates, recovery of renal function, symptom burden from heart




failure and congestion, and quality of life in the judgment of this emerging technique.
On the other hand, we do acknowledge that POCUS training remains an unmet need
currently. Applications such as Doppler echocardiography, VExUS and E-VExUS
require solid technical skills that can only be garnered by longitudinal training.
Especially in nephrology, there are a very few fellowship programs that offer training in
comprehensive hemodynamic assessment at this time 7 %I, This is ironic given that
most of the consults in a typical nephrology practice revolve around managing fluid
disorders. While the situation is slightly better in critical care medicine, guideline-
mandated training requirements remain vague. As such, professional organizations
must step up and establish robust POCUS certification and competency assessment
standards. Otherwise, performance of advanced sonographic applications by

inadequately trained physicians may potentially result in patient harm.

CONCLUSION

It is well known that hemodynamic congestion has adverse effects on multi organ
function and is associated with adverse clinical outcomes. Ultrasonographic techniques
have long been used to quantify venous congestion and have been validated extensively
in the medical literature. The combination of Doppler findings from several organ
systems into an objective evaluation is a process that has been undergoing significant
study in recent years. While VExUS has its limitations, it has promise as a dependable
tool in the management of congestive nephropathy and is superior to any other bedside
noninvasive assessment. As with other diagnostic tools, it is critical that the clinician
analyzes their findings as just one part of the larger clinical puzzle in conjunction with
other objective data points. In the correct clinical context, using VExUS findings to
apply individualized changes to care plans may ultimately help deliver more accurate

care to patients with suspected congestive nephropathy.
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