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Introduction

Acute-on-chronic liver failure represents a severe clinical syndrome 
with a high mortality rate and remains a significant challenge for healthcare 
providers. The concurrent presence of AKI in these patients poses additional 
complexities, significantly affecting the prognosis and management. 
Understanding the interplay between liver dysfunction and renal impairment is 
crucial for optimizing patient care and improving outcomes.

Acute-on-Chronic Liver Failure (ACLF) is a serious and life-threatening 
clinical syndrome characterized by the acute deterioration of liver function in 
individuals with pre-existing chronic liver disease. This condition is associated 
with a high mortality rate and remains a significant challenge for healthcare 
providers worldwide. One of the major complications in ACLF patients is Acute 
Kidney Injury (AKI), which exerts a profound impact on patient outcomes and 
management strategies. The pathophysiology of AKI in ACLF is complex 
and involves various interrelated factors, including hemodynamic alterations, 
systemic inflammation, oxidative stress and impaired renal autoregulation. 
Identifying the risk factors and promptly diagnosing AKI in this setting is 
crucial for implementing timely interventions. The management of AKI in 
ACLF requires a multidisciplinary approach, targeting both liver dysfunction 
and renal impairment. This manuscript aims to comprehensively review the 
pathophysiology, risk factors, clinical presentation, diagnosis, management, 
outcomes and potential preventive strategies for AKI in patients with acute-on-
chronic liver failure [1].

Literature Review

Acute Kidney Injury (AKI) in patients with Acute-on-Chronic Liver 
Failure (ACLF) is a topic that has garnered increasing attention in recent 
years. Extensive research has been conducted to better understand the 
pathophysiology, risk factors, clinical presentation, diagnosis, management 
and outcomes of this complex condition.

Several studies have elucidated the underlying mechanisms of AKI in 
ACLF. Hemodynamic alterations, including reduced effective arterial blood 
volume and renal hypoperfusion, have been identified as critical factors in the 
development of AKI. Systemic inflammation and the release of pro-inflammatory 
cytokines, such as tumor necrosis factor-alpha and interleukins, play a pivotal 
role in inducing renal vasoconstriction and impairing renal autoregulation. 
Oxidative stress and reactive oxygen species have been shown to exacerbate 
renal injury in ACLF. Furthermore, the gut-kidney axis and gut dysbiosis have 
emerged as potential contributors to kidney injury in this setting.

Various risk factors for AKI in ACLF have been extensively studied. The 
severity of liver dysfunction has consistently been linked to the risk of AKI, with 
worsening liver function increasing the susceptibility to renal injury. Additionally, 
bacterial infections, particularly spontaneous bacterial peritonitis and urinary 
tract infections have been identified as significant precipitating factors for AKI [2]. 
Hypovolemia and hypotension resulting from gastrointestinal bleeding, sepsis, 
or dehydration have also been associated with an increased risk of AKI. The 
use of nephrotoxic medications, such as NSAIDs and contrast agents, in ACLF 
patients can further compound the risk. Pre-existing chronic kidney disease 
and hepatorenal syndrome have been recognized as crucial predisposing 
factors. Clinical presentation and accurate diagnosis are paramount for the 
timely management of AKI in ACLF. Studies have highlighted the importance 
of monitoring urine output and serum creatinine levels to detect AKI promptly. 
Early recognition of AKI allows for the initiation of appropriate interventions to 
improve patient outcomes.

Regarding management, multiple studies have explored the efficacy 
of various interventions for AKI in ACLF patients. Timely correction of 
reversible factors, such as volume depletion and infections, has been found 
to be beneficial. Avoidance of nephrotoxic medications and optimization of 
hemodynamics are critical components of management. Renal replacement 
therapy may be required in severe cases. Outcomes and prognosis have 
been extensively investigated in the context of AKI in ACLF. The presence of 
AKI has consistently been associated with increased morbidity and mortality 
rates. Studies have emphasized the importance of timely and appropriate 
management in improving patient outcomes.

Discussion

Pathophysiology

The pathophysiology of acute kidney injury (AKI) in patients with acute-
on-chronic liver failure (ACLF) is multifactorial and intricate, resulting from a 
complex interplay of various mechanisms. Hemodynamic alterations play a 
significant role, with a reduction in effective arterial blood volume leading to 
renal hypoperfusion, activating the renin-angiotensin-aldosterone system and 
increasing sympathetic nervous system activity. Systemic inflammation and 
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the release of pro-inflammatory cytokines, such as tumor necrosis factor-
alpha and interleukins, contribute to renal vasoconstriction and impaired renal 
autoregulation [3,4]. This inflammatory cascade further damages the renal 
tubules and glomeruli. Additionally, ACLF-related oxidative stress and reactive 
oxygen species exacerbate renal injury by promoting cellular damage and 
apoptosis. Impaired bile secretion and altered gut microbiota also contribute 
to the accumulation of toxic substances that can directly injure the kidneys. 
A comprehensive understanding of these interconnected pathophysiological 
mechanisms is vital to develop targeted therapeutic strategies and improve the 
outcomes of AKI in patients with ACLF.

Risk factors

Acute Kidney Injury (AKI) in patients with Acute-on-Chronic Liver Failure 
(ACLF) arises from a combination of intrinsic liver and kidney factors, systemic 
insults and medical interventions. Identifying the risk factors for AKI in this 
population is crucial for early detection, timely intervention and improved 
patient outcomes.

Severity of liver dysfunction: The degree of liver dysfunction in ACLF 
is a significant risk factor for AKI. As the liver function declines, it leads to 
impaired clearance of toxins, electrolyte imbalances and hemodynamic 
alterations, predisposing the kidneys to injury.

Bacterial infections: Infections, particularly Spontaneous Bacterial 
Peritonitis (SBP) and urinary tract infections, can trigger systemic inflammatory 
responses that exacerbate kidney injury in ACLF patients.

Hypovolemia and hypotension: Reduced effective arterial blood 
volume, often due to dehydration, gastrointestinal bleeding, or sepsis, results 
in decreased renal perfusion and contributes to prerenal AKI.

Nephrotoxic medications: The use of nephrotoxic drugs, such as 
Nonsteroidal Anti-Inflammatory Drugs (NSAIDs), aminoglycosides and 
contrast agents, poses a substantial risk for AKI, especially in patients with 
compromised liver function.

Pre-existing Chronic Kidney Disease (CKD): ACLF patients with 
underlying CKD are more susceptible to AKI due to their reduced renal reserve 
and diminished ability to compensate for acute insults.

Hepatorenal Syndrome (HRS): The presence of HRS, a type of functional 
renal impairment in advanced liver disease, significantly increases the risk of 
AKI in ACLF patients.

Hepatic encephalopathy: Severe hepatic encephalopathy can lead 
to reduced oral intake, dehydration and potential hypovolemia, further 
predisposing to AKI.

Renal vasoconstriction: Increased systemic vascular resistance and 
renal vasoconstriction, often seen in ACLF, can further compromise renal 
perfusion and contribute to AKI.

Invasive procedures: Invasive procedures like Transjugular Intrahepatic 
Portosystemic Shunt (TIPS) placement carry a risk of contrast-induced AKI.

Understanding and monitoring these risk factors in patients with ACLF is 
essential for early identification and implementing preventive measures, as 
well as guiding appropriate management strategies to mitigate the risk of AKI 
and improve patient outcomes.

Clinical presentation and diagnosis

AKI in ACLF may present with a range of clinical manifestations, from mild 
changes in kidney function to severe renal failure requiring renal replacement 
therapy. Distinguishing prerenal, intrinsic and postrenal causes of AKI is crucial 
for accurate diagnosis and targeted management. Biomarkers such as serum 
creatinine, urine output and renal imaging assist in establishing the diagnosis 
and monitoring disease progression. The clinical presentation of Acute Kidney 
Injury (AKI) in patients with Acute-on-Chronic Liver Failure (ACLF) can vary 
widely, ranging from subtle changes in renal function to overt renal failure. 
Common clinical features include decreased urine output, elevated serum 
creatinine levels and signs of fluid overload, such as edema and pulmonary 

congestion [5]. In severe cases, patients may present with uremia, altered 
mental status and other systemic manifestations of renal dysfunction.

Diagnosing AKI in ACLF requires a comprehensive evaluation, considering 
the patient's medical history, laboratory findings and imaging studies. Key 
diagnostic criteria include an abrupt decline in renal function, often defined 
as an increase in serum creatinine by 0.3 mg/dL or more within 48 hours or 
a 1.5-fold increase from baseline within the past seven days. Additionally, the 
assessment of urine output is critical, with oliguria (<0.5 mL/kg/h for more 
than six hours) being indicative of AKI. Differentiating prerenal, intrinsic and 
postrenal causes of AKI is essential for appropriate management. A thorough 
physical examination and relevant investigations help identify the underlying 
etiology. Renal ultrasound and other imaging modalities can aid in assessing 
kidney structure and identifying any obstructive causes. Early recognition and 
prompt diagnosis of AKI in ACLF are essential to initiate timely interventions 
and optimize patient outcomes.

Management

The management of AKI in ACLF requires a multidisciplinary approach. 
Prompt identification and correction of reversible factors, optimization of 
hemodynamics, avoidance of nephrotoxic agents and early initiation of renal 
replacement therapy when indicated, are vital components of the management 
strategy. Additionally, addressing the underlying liver dysfunction and systemic 
inflammation plays a crucial role in improving renal outcomes.

The management of Acute Kidney Injury (AKI) in patients with Acute-on-
Chronic Liver Failure (ACLF) requires a multidisciplinary approach aimed at 
addressing both renal dysfunction and underlying liver disease. Prompt and 
appropriate management is crucial to optimize patient outcomes. Identifying 
and correcting potentially reversible factors contributing to AKI, such as 
hypovolemia, infections and nephrotoxic medications, is the first step in 
management [6]. Ensuring adequate perfusion of vital organs, including the 
kidneys, through careful fluid resuscitation and hemodynamic support is 
essential to improve renal function. Discontinuing or avoiding nephrotoxic 
medications, especially in patients with compromised liver function, helps 
prevent further renal injury. Treating the underlying liver dysfunction in ACLF 
is crucial to improving overall systemic perfusion and reducing the burden on 
the kidneys.

In severe cases, when conservative measures are insufficient, timely 
initiation of RRT, such as hemodialysis or continuous venovenous hemofiltration 
may be necessary to support renal function. Providing appropriate supportive 
care to manage complications and maintain electrolyte and fluid balance is 
vital. Adequate nutritional support tailored to the individual patient's needs is 
important for enhancing recovery and minimizing catabolism. Implementing 
preventive strategies, such as close monitoring of renal function and judicious 
use of medications, may help reduce the risk of AKI in ACLF patients.

The management of AKI in ACLF requires a coordinated effort by 
a multidisciplinary team, including hepatologists, nephrologists, critical 
care specialists and nurses, to optimize patient outcomes and minimize 
complications.

AKI in ACLF is associated with a significant increase in morbidity and 
mortality. The presence of AKI impacts the short-term and long-term outcomes 
of patients with ACLF. Timely intervention and appropriate management can 
positively influence the prognosis in these patients.

Preventive strategies

The prevention of AKI in ACLF patients is of paramount importance. 
Strategies such as close monitoring of renal function, appropriate volume 
management and judicious use of medications can help reduce the incidence 
of AKI and improve patient outcomes [7].

Patients with Acute-on-Chronic Liver Failure (ACLF) are essential to 
improve patient outcomes and reduce the burden of this life-threatening 
complication. Several preventive strategies can be implemented to minimize 
the risk of AKI in ACLF:

• Close monitoring of renal function through frequent measurements of 
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serum creatinine and urine output is crucial for early detection of AKI.

• Ensuring adequate fluid balance and avoiding both hypovolemia and 
fluid overload are essential to maintain renal perfusion and prevent 
AKI.

• Judicious use of medications that can be nephrotoxic, especially in 
patients with compromised liver function, can reduce the risk of AKI.

• Prompt detection and management of infections, such as spontaneous 
bacterial peritonitis and urinary tract infections, can help prevent 
systemic inflammation and subsequent kidney injury.

• Maintaining stable hemodynamics through appropriate resuscitation 
and vasopressor support is crucial to prevent renal hypoperfusion.

• Treating underlying liver dysfunction and ACLF aggressively can 
improve overall organ perfusion, including the kidneys.

• When imaging studies are necessary, using contrast agents with 
caution or considering alternative modalities can minimize the risk of 
contrast-induced AKI.

• Providing appropriate nutritional support tailored to the individual 
patient's needs can help preserve renal function and minimize 
metabolic stress.

Implementing these preventive strategies in patients with ACLF can 
significantly reduce the incidence of AKI and contribute to improved patient 
outcomes and overall prognosis.

Conclusion

AKI in patients with ACLF represents a critical clinical challenge, 
necessitating a thorough understanding of its pathophysiology, risk factors, 
diagnosis and management. Early recognition and targeted interventions 
are crucial for improving outcomes in these patients. Further research 
and collaborative efforts are required to develop effective preventive and 
therapeutic strategies to reduce the burden of AKI in the context of acute-on-
chronic liver failure.
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