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Introduction
One of the possible causes of renal failure due to heart 
failure (HF) is congestive kidney failure (CKF) or 
congestive nephropathy, a neglected disorder caused by 
increased renal venous pressure. Venous congestion is a 
strong predictor of worse symptoms and hospitalization 
requirements. Since the congestion usually occurs several 
weeks before the presentation of the symptoms, early 
detection and treatment may improve renal and cardiac 
outcomes (1). Nevertheless, cardiac disorders are not the 
only cause of high venous blood pressure. For example, 
Winton et al (2) reported kidney dysfunction in a dog 
model that was caused by kidney vein thrombosis. 
Additionally, increased intra-abdominal pressure (IAP) is 
reported to be another possible cause of renal congestion 
(3). Since CKF may be reversible and has a critical role 
in renal failure, special attention to this disorder seems 
crucial. Herein, we review the common causes of CKF, 
its pathophysiology, histopathological changes and 
treatment.

Pathophysiology 
The pathophysiology of renal failure caused by congestion 
is multifactorial and complex. Studies have shown a strong 
association between increased renal venous pressure and 
reduced renal arterial flow to maintain the glomerular 
arteriovenous gradient (4). The congestion triggers 
biochemical stress that causes the endothelial cells, as the 
largest endocrine paracrine organ of the body, to switch 
their synthetic profile to an activated state. This activated 

state of the endothelial cells has pro-inflammatory and 
vaso-constricting characteristics (5,6). This situation may 
lead to a reduction in nitric oxide (NO) bioavailability. 
NO is a key factor in sustaining the compensated state 
of HF through vaso-dilatory, anti-inflammatory, and 
antioxidant processes. Consequently, the reduction of 
NO leads to vasoconstriction of the renal arteries (7). On 
the other hand, other vasoactive and bioactive molecules 
such as prostaglandins and cytokines also have a role in 
vasoconstriction and reduced glomerular filtration rate 
(GFR) in renal congestion  (7). Moreover, reduced renal 
atrial pressure to less than 80 mm Hg impairs the renal 
auto-regulatory function (8). Decreasing the arterial 
blood flow may lead to hypoxia and lower glomerular 
filtration. Shimada et al (9) showed that in a rat model 
with renal congestion, the venous congestion caused 
tubulointerstitial and glomerular injury via pericyte 
detachment because of hypoxia, physical stress, and 
compression of the peritubular capillary.

Heart failure
HF is a rapidly growing disorder that occurs when the heart 
is incapable of maintaining adequate blood flow through 
body organs. Due to the increase in the mean population 
age, the prevalence of HF is rising and it is estimated that 
over 37.7 million individuals suffer from HF globally (10). 
Patients with congestive HF have multiple complications 
such as pulmonary edema or cardio-renal syndrome (11). 
Renal failure is one of the most critical complications of HF. 
For example, in patients with acute decompensated HF, 
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 Implication for health policy/practice/research/
medical education

Given that congestive kidney failure is a reversible condition, 
early detection and treatment of congestion are associated 
with improved renal outcomes.

decreasing renal function one year after hospital discharge 
is a mortality and morbidity risk factor (12). Cardio-renal 
syndrome is a disorder that has worsening renal function 
and medication resistance to diuretics caused by HF. There 
are multiple similar pathophysiological mechanisms 
between HF and renal failure, such as inflammatory and 
cellular reactions of the immune system, hemodynamic 
changes, stress reactions, acid-base status, neuro-
hormonal responses, and fluid status (13). HF patients 
that have preserved ejection fraction commonly have renal 
failure. This may be due to the inflammatory mechanism 
and endothelial damage caused by renal failure that can 
lead to stiffening, hypertrophy, and interstitial fibrosis 
in cardiomyocytes (14). In HF patients, renal blood flow 
reduces not only because of the incapability of the heart 
pump and anti-vasopressin therapy but also because of the 
congestion. In addition, increased central venous pressure 
leads to congestion. Consequently, the pressure of the 
renal perfusion decreases to less than 80 mmHg resulting 
in pressure-dependency of the renal perfusion. Neuro-
humoral activation and pre-glomerular vasoconstriction 
are the possible pathways for this condition (15). However, 
Dupont et al reported that increased central venous 
pressure did not affect worsening renal failure, but lower 
mean blood pressure was associated with worsening renal 
failure (16).

Intra-abdominal pressure
In 2008, Mullens et al demonstrated that reducing the 
IAP improves the renal function in patients with an 
elevated IAP baseline independently to any hemodynamic 
parameters. This situation is correlated to direct extensive 
fluid compression on the kidney, which causes ischemia 
(3). One of the possible mechanisms is compression of 
the vessels and tubules due to the rise in renal interstitial 
pressure. Compression leads to reduced reabsorption and 
tubular secretion leading to decreased GFR (17).

Histopathological findings
Understanding the renal pathological changes in CKF is 
crucial for improving our knowledge about the disease. 
Most of the renal histopathological examinations 
associated with venous congestion were performed on 
rats rather than humans, to prevent the unwanted side 
effects of kidney biopsy in humans. A recent experimental 
study compared two groups of animal models consisted 
of a group of rats that had constricted inferior vena cava 
and a group of sham-operated (SHAM) on male Sprague 
Dawley rats.  There were increases in the width and surface 

area of the Bowman’s capsule and glomeruli, respectively, 
in the group of rats that had constricted inferior vena cava.  
A positive association was also reported between the 
abdominal venous pressure and the glomerular surface 
area 21 weeks after surgery (18). This enlargement may be 
due to the vasodilation of the afferent artery in response to 
decreased GFR leading to intra-glomerular hypertension 
(19). Moreover, these studies showed increasing interstitial 
edema and inflammation, casts formation, and collapsing 
renal tubular lumen in the mice with elevated IAP and 
kidney congestion. In addition, by increasing IAP from 5 to 
10 cmH2O, higher interstitial inflammation was observed 
(20). Other studies have also reported the involvement of 
pericyte detachment, impaired slit diaphragm, podocyte 
effacement, and tubular injury. For example, pericyte 
detachment might lead to impaired renal circulation, 
hypoxia, and tubular necrosis (9). 

Congestive kidney failure diagnosis 
Unfortunately, there is no specific examination or 
laboratory test for diagnosing CKF. Most of the frequent 
signs and symptoms of CKF are also observed in several 
other diseases. Moreover, many individuals with CKF 
could have normal cardiac function and the signs of volume 
overload may improve rapidly after the administration of 
diuretics (21). Therefore, diagnosing CKF is difficult.

The clinical signs and symptoms that are caused by 
volume overload may be also associated with CKF such 
as weight gain, edema, and pleural effusion. No response 
to treatment with high doses of diuretic and jugular vein 
distension due to HF may also be associated with CKF. 
If the initial assessment included the above signs and 
symptoms, further evaluation and testing may be required 
to determine the underlying cause (21).

Doppler ultrasound is an effective tool for assessing 
intra-renal blood flow. Previous studies have found that 
the patterns of intra-renal venous flow are associated 
with venous congestion and are independent risk factors 
of acute kidney failure following cardiac surgery (22). 
Moreover, they showed that these patterns are associated 
with renal and right heart functions and the outcome of 
patients with pulmonary hypertension (23). Therefore, 
Doppler ultrasound could be an instant and non-invasive 
test for evaluating renal congestion and treatment 
response. 

In addition to clinical and imaging assessments, altered 
laboratory biomarkers may be useful in the diagnosis. 
Elevated renin, angiotensin, and aldosterone hormones 
lead to increased blood urea nitrogen-to-creatinine ratio 
and hypokalemia (24). Decreased serum creatinine and 
GFR indicate kidney injury and reduced renal function 
in these patients. However, renal function may not be 
influenced by venous congestion, particularly at the 
early stage of the disease (25). Moreover, some anti-
hypertensive drugs may impact hormonal concentration. 
Consequently, although renal dysfunction and changes of 
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fluid-regulatory hormones increase the accuracy of the 
diagnosis, the absence of these abnormalities does not 
exclude congestive kidney injury.

Treatment 
There are several therapeutic options for congestive renal 
failure. Generally, these treatments aim at reducing the 
excess fluid volume and renal venous pressure. It has 
been shown that reducing central venous pressure to 
the normal range results in complete resolution of renal 
congestion findings in animal experiments. The degree of 
improvement in the renal function depends on the period 
and extent of the venous congestion (26). Consequently, 
early diagnosis and treatment of renal congestive failure 
may improve the outcomes and prognosis in patients. The 
major challenge in treating congestive nephropathy is to 
increase water excretion and sodium level without causing 
adverse effects on renal function. Loop diuretics, such 
as furosemide, increase sodium levels in the tubules by 
blocking the sodium transporter in the tubular cells of the 
loop of Henle. Elevated tubular sodium reduces the GFR 
and increases the risk of hyponatremia (27). Furthermore, 
it has been reported that there is a coloration between 
higher doses of loop diuretics and poor renal outcomes 
in HF patients (28). Therefore, although loop diuretics 
are effective and common treatments for HF, they may 
be associated with worsening renal function. Previous 
studies have found that peritoneal dialysis had a positive 
effect on an HF patient with refractory congestion. They 
demonstrated significant improvement in the cardiac and 
renal functions after peritoneal dialysis during a long-
term follow-up (29). Their results suggest that peritoneal 
dialysis could be an alternative treatment in medication-
resistant patients. 

Sildenafil, a blocker of phosphodiesterase 5, has been 
used in the treatment of pulmonary arterial hypertension 
(PAH). A randomized controlled study showed that 
sildenafil is associated with increased GFR, decreased 
serum creatinine, and improved renal function in patients 
with PAH. This improvement was associated with better 
outcomes and reduced mortality (30). In addition, it has 
been shown that vasopressin levels increase significantly 
in patients with HF especially in patients with severe 
HF (31). Vasopressin type 2 receptor antagonists, such 
as tolvaptan, may be beneficial in renal congestion by 
inhibiting the activation of neuro-humoral pathways 
and increasing excess water excretion. Animal studies 
in rats with HF have shown that long-term treatment 
with tolvaptan is associated with improving cardiac and 
renal histopathological changes and increasing urine 
volume. Additionally, the overall survival of the rats 
with HF increased with tolvaptan (32). A ventricular 
assist device (VAD) is another option for the treatment 
of renal congestion. Implantation of VAD in patients 
that had severe HF has been associated with significantly 
higher GFR and improvement of renal function (33). 

Additionally, VAD implantation was related to the rapid 
reduction of serum creatinine in HF patients (34).

Conclusion
Venous congestion has a key role in the development of 
renal dysfunction and damage in patients with HF. There 
are also some other conditions associated with congestive 
nephropathy including elevated IAP and pulmonary 
hypertension. Although the exact mechanisms and 
pathophysiology are not yet fully understood, there 
are useful medical and interventional therapies in the 
management of this disease. Given that CKF is a reversible 
condition, early detection and treatment of congestion are 
associated with improved renal outcomes. Further studies 
are required to find additional and useful clinical and 
laboratory tests for the diagnosis and treatment options 
of CKF. 
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