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Renal Vein Congestion in Cardiorenal Syndrome Type 1:
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Hemodynamic Perspective
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Abstract

Cardiorenal syndrome (CRS) is a complex disease that results from the
close relationship between cardiac and renal physiology. We present
two cases which illustrate how renal vein congestion (case 1) and re-
duced cardiac output (case 2) can both lead to CRS type 1. We focused
on the hemodynamic differences between these two cases, as we be-
lieve that a deep understanding of the pathophysiology and the renal
blood flow (RBF) and renal perfusion pressure (RPP) in these two cases
is key in the correct management strategy. This report highlights that
CRS type 1 must be recognized as an acute process comprised of two
distinct mechanisms, due to renal vein congestion or due to low cardiac
output, which can present independently or in varying degrees in the
same patient. In consequence, the role of renal vein congestion needs
to be recognized early in order to adequately tailor patient treatment.

Keywords: Cardiorenal syndrome; Renal vein congestion; Hemody-
namics

Introduction

The close relationship between cardiac and renal physiology
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results in an interdependence that may lead to cardiac or renal
injury when one of the organs undergoes a major insult. This
interdependence causing renal or cardiac dysfunction has been
termed as cardiorenal syndrome (CRS) [1]. The current clas-
sification of CRS divides it into five clinical subtypes, based on
the organ believed to be the culprit and the acuity of the clini-
cal presentation [2]. In this article, we will focus on CRS type
1, defined as the development of acute kidney injury (AKI)
in patients with cardiac disease most commonly in the setting
of acute decompensated heart failure [3]. We believe that the
hemodynamic changes underlying CRS type 1 are complex
and not necessarily reflected in the current definitions.

We present two cases with different pathophysiological
pathways, but both resulting in CRS type 1. First, we will
present a patient with elevated central venous pressure (CVP)
leading to elevated renal vein congestion. He had venous flu-
id overload and poor arterial circulation. Second, we present
a case of low cardiac output (CO) leading to pre-renal AKI
mainly due to poor forward flow. We will analyze these cases
from a hemodynamic perspective to help us differentiate be-
tween the two distinct subtypes of CRS type 1. Interestingly,
these scenarios are dynamic and commonly coexist in the same
patient overtime. Therefore, clinicians should have increased
awareness for an accurate recognition and prompt implementa-
tion of the appropriate treatment based on hemodynamic data.

Case Reports
Case 1

A 68-year-old woman with medical history significant for hy-
pertension, persistent atrial fibrillation, moderate aortic steno-
sis, severe mitral regurgitation status post mitral valve repair,
pulmonary hypertension, chronic obstructive pulmonary dis-
case and obstructive sleep apnea was admitted for acute de-
compensated heart failure. Despite up-titration of loop diuretic
and addition of milrinone, we observed a decrease in both
mean arterial pressure (MAP) and systemic vascular resist-
ance (SVR) alongside with worsening renal function. Pulmo-
nary artery catheterization was performed to guide therapy;
initial hemodynamics showed a markedly elevated CVP of 29
mm Hg, and an elevated pulmonary capillary wedge pressure
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(PCWP) of 40 mm Hg. Cardiac index (CI) calculated via Fick
equation was adequate at 2.4 L/min/m? with SVR was low
normal at 10 mm Hg x min/mL. Milrinone infusion was then
discontinued. In order to maintain adequate SVR, intravenous
norepinephrine infusion was started which led to increased di-
uresis, reduced CVP and improved serum creatinine (Table 1).

Case 2

A 40-year-old man with medical history significant for non-
ischemic cardiomyopathy and medication nonadherence was
admitted with acute on chronic decompensated heart failure.
Clinical exam was significant for marked pulmonary conges-
tion and cool lower extremities, but no significant jugular ve-
nous distention or peripheral edema were present. The patient
was initially managed with increasing dose of loop diuretic
and addition of milrinone infusion. On the second day of ad-
mission, urine output decreased, and creatinine increased from
2.2 to 2.8 mg/dL. CVP was low at 3 mm Hg as measured via
left internal jugular central venous catheter. CI was estimated
to be 1.86 L/min/m? based on Fick equation with venous oxy-
gen saturation obtained from the superior vena cava. Decision
was made to administer intravenous fluids in addition to ino-
tropic support via dobutamine infusion. CI then increased with
subsequent improvement of urine output and serum creatinine
(Table 2).

Discussion

The main mechanism of CRS type 1 is known to be an acute
reduction in CO leading to a reduced perfusion to the kidneys.
Nevertheless, in acute heart failure exacerbation, we often see
systemic vein congestion leading to increased renal venous
pressure and renal vein congestion. [4]. These two processes
frequently coexist in the same patient leading to AKI. Increas-
ing diuresis and promoting a negative fluid balance has been
the mainstay of treatment of acute heart failure exacerbations
in clinical practice. However, there is an alternative scenario
where patients may present with prerenal kidney injury in set-
ting of cardiogenic shock without increased renal venous pres-
sure. The recognition of this situation is critical, and a mis-
diagnosis may lead to an opposite therapeutic approach with
undesired outcomes.

The initial case is consistent with renal vein congestion
evidenced by improvement in the renal function despite wean-
ing the inotropic agent and the gradual decrease in CI. CVP
in isolation was the only invasively measured hemodynamic
parameter to correlate with improved serum creatinine and
urinary output. Given that CRS was secondary to renal vein
congestion, constant infusion of a loop diuretic improved se-
rum creatinine level. Conversely, the second case was more
consistent with a prerenal syndrome, as serum creatinine ini-
tially worsened with aggressive diuresis, but additional ino-
tropic support then led to a gradual increase in CO, reduced
creatinine level and improved diuresis.

We believe that a deep understanding of the renal blood
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flow (RBF) and renal perfusion pressure (RPP) is key in man-
aging these patients. We assessed the RPP and its relationship
with changes in serum creatinine and diuresis (Tables 1 and
2). Mullens et al defined RPP as the difference between MAP
and CVP. In their study, RPP was not significantly different
in patients with CRS type 1 versus those with preserved renal
function (63 = 15 vs. 65 = 12 mm Hg, P = 0.2) [3], suggesting
that this parameter may not be entirely associated with the ef-
fective RBF. This observation differs from the hemodynamic
trend of our first case, where the RPP was initially decreased
at 37 mm Hg, despite milrinone infusion and an adequate CO
(6.6 L/min) and CI (3.0 L/min/m?). Subsequent norepineph-
rine infusion effectively increased both SVR and RPP which
resulted in improved diuresis and decreased serum creatinine.
We hypothesize that norepinephrine increased MAP, thereby
increasing RPP and effective RBF leading to improved diure-
sis and creatinine levels. The use of norepinephrine can be a
bridge to increase RPP via improvement of MAP.

In contrast, our second case clearly demonstrates that
calculated RPP was adequate (104 mm Hg) in the setting of
a reduced CO of 3.9 L/min and CI of 1.86 L/min/m?. Renal
function only improved with inotropic support and intravenous
volume administration. Given this correlation, how does one
explain this discrepancy regarding the effect of RPP on AKI in
CRS type 1? Is RPP a true marker of renal perfusion? Although
one could argue that an increase in RPP led to improved re-
nal function of the first patient, we believe the parameter does
not consider the pathophysiology of renal vein congestion. It
would be an oversimplification to define renal perfusion by
CVP and MAP alone considering the complexity of the au-
toregulation of the renal blood flow [5].

We recognize that large prospective randomized trials
have compared different therapies for this syndrome with-
out mention of the underlying pathogenesis. The Cardiorenal
Rescue Study in Acute Decompensated Heart Failure (CAR-
RESS-HF) found that pharmacological therapy was superior
to ultrafiltration, the latter being associated with higher rate of
adverse events [6]. Conversely, the Ultrafiltration Versus IV
Diuretics for Patients Hospitalized for Acute Decompensated
Congestive Heart Failure (UNLOAD) trial showed that ultra-
filtration reduced readmission rates in patients with decompen-
sated heart failure and hypervolemia [7]. These conflicting re-
sults indicate that CRS type 1 must be analyzed from a deeper
hemodynamic perspective, not only considering volume over-
load or decreased CO alone.

CRS type 1 is recognized as an acute process comprised
of two distinct mechanisms that can be present in the same
patient in varying degrees and the role of renal vein conges-
tion needs to be recognized early [8]. We believe future trials
should tailor therapy to a specific hemodynamic pattern and
patient population. Study endpoints should focus more on an
improvement of hemodynamics in addition to cardiovascular
morbidity and mortality.

Conclusions

The identification of the mechanisms behind AKI in acute heart
failure exacerbation can be challenging. Before committing to
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an aggressive diuresis vs. initiation of inotropes strategy, point
of care ultrasound to measure the inferior vena cava (IVC) di-
ameter could be used as a surrogate of renal vein congestion.
A plethoric IVC (> 21 mm not collapsing with inspiration), as
well as presence of hepatojugular reflux and jugular vein dis-
tention could help to identify this clinical scenario in patients
with favorable body habitus. For ventilated patients, the evalu-
ation of hepatic veins by transthoracic echocardiography can
guide the decision of whether or not the patient needs diuresis
and the presence of right ventricular failure and elevated liver
function tests supports this mechanism. In more complicated
cases, where the information obtained at bedside is inconclu-
sive, a right heart catheterization would be the gold standard
to evaluate volume status before initiation aggressive diuresis.
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