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Renal failure in HCV cirrhosis
54-year-old man with a history of cirA
rhosis secondary to hepatitis C virus
(HCV) infection has had a progressive de-

cline in kidney function. He was diagnosed
with hepatitis C 15 years ago; he tried interferon treatment, but this failed. He received
a transjugular intrahepatic shunt 10 years ago
after an episode of esophageal variceal bleeding. He has since been taking furosemide and
spironolactone as maintenance treatment for
ascites, and he has no other medical concerns
such as hypertension or diabetes.
Two weeks ago, routine laboratory tests in
the clinic showed that his serum creatinine level had increased from baseline. He was asked to
stop his diuretics and increase his fluid intake.
Nevertheless, his kidney function continued to
decline (Table 1), and he was admitted to the
hospital for further evaluation.
On admission, he appeared comfortable. He
denied recent use of any medications, including
nonsteroidal anti-inflammatory drugs, antibiotics, and diuretics, and he had no genitourinary
symptoms. His temperature was normal, blood
pressure 170/90 mm Hg, pulse rate 72 per minute, and respiratory rate 16. His skin and sclerae
were not jaundiced; his abdomen was not tender, but it was grossly distended with ascites.
He also had +3 pedal edema (on a scale of 4)
extending to both knees. The rest of his physical examination was unremarkable. Results of
further laboratory tests are shown in in Table 2.
Ultrasonography of the liver demonstrated
cirrhosis with patent flow through the shunt,
and ultrasonography of the kidneys showed
that both were slightly enlarged with increased cortical echogenicity but no hydronephrosis or obstruction.
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TABLE 1

Our patient’s declining renal function
Test

4 months
before
admission

2 weeks
before
admission

3 days
before
admission

Creatinine (mg/dL)

1.6

2.4

3.1

Blood urea
nitrogen (mg/dL)

38

41

44

The patient was hydrated with 1.5 L of saline overnight, and all medications were held.
The following morning his serum creatinine
15 years ago,
concentration was 3.9 mg/dL.

the patient
was diagnosed
with hepatitis C;
Given this information, what is the likely
now, his kidneys
cause of our patient’s renal failure?
are failing
□□ Volume depletion
■■ EXPLORING THE CAUSE
OF RENAL FAILURE

1

□□ Acute tubular necrosis
□□ Hepatorenal syndrome
□□ HCV glomerulopathy

Renal failure is a common complication in
cirrhosis and portends a higher risk of death.1
The differential diagnosis is broad, but a systematic approach incorporating data from the
history, physical examination, and laboratory
tests can help identify the cause and is essential in determining the prognosis and proper
treatment.
Volume depletion
Volume depletion is a common cause of renal
failure in cirrhotic patients. Common precipitants are excessive diuresis and gastrointes-
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TABLE 2

Our patient’s laboratory values on admission
Test

Value

Reference range

Sodium

140 mmol/L

135–146

Potassium

4.6 mmol/L

3.5–5.0

Chloride

119 mmol/L

98–110

Blood urea nitrogen

50 mg/dL

10–25

Creatinine

3.6 mg/dL

0.7–1.4

Bicarbonate

18 mmol/L

23–32

Calcium

7.6 mg/dL

8.5–10.5

Alkaline phosphatase

107 IU/L

40–150

Total bilirubin

0.3 mg/dL

0–1.5

Direct bilirubin

0.2 mg/dL

0–0.4

Albumin

1.5 g/dL

3.5–5.0

Globulins

4.0 g/dL

Aspartate aminotransferase

16 IU/L

7–40

Alanine aminotransferase

29 IU/L

5–50

International normalized ratio

1.2

0.8–1.2

Sodium

28 mmol/L

14–216

Urea

411 mmol/L

140–1500

Spot creatinine

190

20–300

Spot protein

360

0–20

Spot protein–creatinine ratio

1.9

< 0.2

Fractional excretion of sodium

0.4%

Fractional excretion of urea

15.6%

Specific gravity

1.017

1.005–1.030

pH

6.0

4.5–8.0

White blood cell count

450/HPF

0–5

Red blood cell count

6/HPF

0–5

Protein

100 mg/dL

0–20

Blood

Urine

Ascitic fluid
White blood cell count

28/HPF

Polymorphonuclear neutrophils 7/HPF
HPF = high-power field
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tinal fluid loss from bleeding, vomiting, and
diarrhea. Despite having ascites and edema,
patients may have low fluid volume in the
vascular space. Therefore, the first step in a
patient with acute kidney injury is to withhold diuretics and give fluids. The renal failure usually rapidly reverses if the patient does
not have renal parenchymal disease.2
Our patient did not present with any fluid
losses, and his high blood pressure and normal heart rate did not suggest volume depletion. And most importantly, withholding his
diuretics and giving fluids did not reverse his
renal failure. Thus, volume depletion was an
unlikely cause.
Acute tubular necrosis
The altered hemodynamics caused by cirrhosis predispose patients to acute tubular necrosis. Classically, this presents as muddy brown
casts and renal tubular epithelial cells on urinalysis and as a fractional excretion of sodium
greater than 2%.1 However, these microscopic
findings lack sensitivity, and patients with cirrhosis may have marked sodium avidity and
low urine sodium excretion despite tubular
injury.3
This diagnosis must still be considered in
patients with renal failure, especially after an
insult such as hemorrhagic or septic shock or
intake of nephrotoxins. However, because
our patient did not have a history of any of
these and because his renal failure had been
progressing over weeks, acute tubular necrosis
was considered unlikely.
Hepatorenal syndrome
Hepatorenal syndrome is characterized by progressive renal failure in the absence of renal
parenchymal disease. It is a functional disorder, ie, the decreased glomerular filtration rate
results from renal vasoconstriction, which in
turn is due to decreased systemic vascular resistance and increased compensatory activity
of the renin-angiotensin-aldosterone axis and
of antiduretic hormone release (Figure 1).
Hepatorenal syndrome often occurs in
patients with advanced liver disease. These
patients typically have a hyperdynamic circulation (systemic vasodilation, low blood pressure, and increased blood volume) with a low
mean arterial pressure and increased renin
and norepinephrine levels. Other frequent
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Cirrhosis
Portal hypertension
Increased nitric oxide
Splanchnic vasodilation
Decreased effective circulating volume
Low mean arterial pressure
Compensatory neurohormonal mechanisms
Increased antidiuretic
hormone

Increased renin,
angiotensin, aldosterone

Decreased free water
clearance
Hyponatremia

Low urine sodium

Sympathetic nervous system
activation
Renal
vasoconstriction

Hepatorenal
syndrome
FIGURE 1. Pathophysiology of hepatorenal syndrome and other common associated
clinical findings.

findings include hyponatremia, low urinary
sodium excretion (< 2 mmol/day), and low
free water clearance,4 all of which mark the
high systemic levels of antidiuretic hormone
and aldosterone.
Importantly, while hepatorenal syndrome
is always considered in the differential diagnosis because of its unique prognosis and
therapy, it remains a diagnosis of exclusion.
The International Ascites Club5 has provided
diagnostic criteria for hepatorenal syndrome:
• Cirrhosis and ascites
• Serum creatinine greater than 1.5 mg/dL
• Failure of serum creatinine to fall to less
than 1.5 mg/dL after at least 48 hours of
diuretic withdrawal and volume expansion with albumin (recommended dose 1
g/kg body weight per day up to a maximum
of 100 g per day)
• Absence of shock
• No current or recent treatment with nephrotoxic drugs
• No signs of parenchymal kidney disease
such as proteinuria (protein excretion >
500 mg/day), microhematuria (> 50 red
blood cells per high-power field), or ab-

normalities on renal ultrasonography.
While these criteria are not perfect,6 they
remind clinicians that there are other important causes of renal insufficiency in cirrhosis.
Clinically, our patient had no evidence of
a hyperdynamic circulation and was instead
hypertensive. He was eunatremic and did not
have marked renal sodium avidity. His pyuria,
proteinuria (his protein excretion was approximately 1.9 g/day as determined by urine
spot protein-to-creatinine ratio), and results
of ultrasonography also suggested underlying
renal parenchymal disease. Therefore, hepatorenal syndrome was not the likely diagnosis.

The first step
in a patient
with acute
kidney injury
is to withhold
diuretics and
give fluids

HCV glomerulopathy
Intrinsic renal disease is likely, given our patient’s proteinuria, active urine sediment (ie,
containing red blood cells, white blood cells,
and protein), and abnormal findings on ultrasonography. In patients with HCV infection
and no other cause of intrinsic kidney disease,
immune complex deposition leading to glomerulonephritis is the most common pattern.7
Despite the intrinsic renal disease, fractional
excretion of sodium may be less than 1% in
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(IDSA) and American Association for the
Study of Liver Diseases (AASLD) , detection
of glomerulonephritis in HCV patients puts
them in the highest priority class for treatment of HCV.12
■■ HISTOLOGIC FINDINGS
Because of the high likelihood of glomerulopathy, our patient underwent renal biopsy.

2

What is the classic pathologic finding in
HCV kidney disease?

FIGURE 2. Kidney biopsy showing lobular glomeruli
(hematoxylin and eosin, × 40).

FIGURE 3. Kidney biopsy showing glomerular basement
membranes with double contours (“tram tracking”) (silver
stain, × 40).

glomerulonephritis. Hypertension in a patient
such as ours with cirrhosis and renal insufficiency raises suspicion for glomerular disease,
as hypertension is unlikely in advanced cirrhosis.8
Glomerulonephritis in patients with cirrhosis is often clinically silent and may be
highly prevalent; some studies have shown
glomerular involvement in 55% to 83% of
patients with cirrhosis.9,10 This increases the
risk of end-stage renal disease, and the Kidney
Disease Improving Global Outcomes guideline recommends that HCV-infected patients
be tested at least once a year for proteinuria,
hematuria, and estimated glomerular filtration
rate to detect possible HCV-associated kidney
disease.11 According to current guidelines of
the Infectious Diseases Society of America
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□□ Focal segmental glomerulosclerosis
□□ Crescentic glomerulonephritis
□□ Membranoproliferative glomerulonephritis
□□ Membranous glomerulonephritis
A number of pathologic patterns have been
described in HCV kidney disease, including
membranous glomerulonephritis, immunoglobulin A nephropathy, and focal segmental
glomerulosclerosis. However, by far the most
common pattern is type 1 membranoproliferative glomerulonephritis.13 (Types 2 and 3 are
much less common, and we will not discuss
them here.) In type 1, light microscopy shows
increased mesangial cells and thickened capillary walls (lobular glomeruli), staining of the
basement membrane reveals double contours
(“tram tracking”) or splitting due to mesangial
deposition, and immunofluorescence demonstrates immunoglobulin G and complement
C3 deposition. All of these findings were seen
in our patient (Figure 2, Figure 3).
Membranoproliferative glomerulonephritis in patients with HCV is most commonly
associated with cryoglobulins, a mixture of
monoclonal or polyclonal immunoglobulin
(Ig) M that have antiglobulin (rheumatoid
factor) activity and bind to polyclonal IgG.
They reversibly precipitate at less than 37°C,
(98.6°F), hence their name. Only 50% to
70% of patients with cryoglobulinemic membranoproliferative glomerulonephritis have
detectable serum cryoglobulins; however,
kidney biopsy may show globular accumulations of eosinophilic material and prominent
hypercellularity due to infiltration of glomerular capillaries with mononuclear and polymorphonuclear leukocytes.
Noncryoglobulinemic membranoproliferative glomerulonephritis is also found in
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patients with HCV infection. Its histologic
features are similar, but on biopsy, there is less
prominent leukocytic infiltration and no eosinophilic material. Although the pathogenesis of glomerulonephritis in HCV infection is
poorly understood, it is thought to result from
deposition of circulating immune complexes
of HCV, anti-HCV, and rheumatoid factor in
the glomeruli.

3

What laboratory finding is often seen in
membranoproliferative glomerulonephritis?

□□ Positive cytoplasmic antineutrophil
cytoplasmic antibody
□□ Low serum complement levels
□□ Antiphospholipase A2 receptor antibodies
Cytoplasmic antineutrophil cytoplasmic antibody is seen in granulomatosis with polyangiitis,
while antiphospholipid A2 receptor antibodies
are seen in idiopathic membranous nephritis.
Low serum complement levels are frequently found in membranoproliferative glomerulonephritis. It is believed that immune complex
deposition leads to glomerular damage through
activation of the complement pathway and the
subsequent influx of inflammatory cells, release
of cytokines and proteases, and damage to capillary walls. When repair ensues, new mesangial
matrix and basement membrane are deposited,
leading to mesangial expansion and duplicated
basement membrane.14
In cryoglobulinemic membranoproliferative glomerulonephritis, the complement C4
level is often much lower than C3, but in
noncryoglobulinemic forms C3 is lower. A
mnemonic to remember nephritic syndromes
with low complement levels is “hy-PO-COMP-L-EM-ents”; PO for postinfectious, CO
for cryoglobulins, MP for membranoproliferative glomerulonephritis, L for lupus, and EM
for embolic.
■■ BACK TO OUR PATIENT
In addition to kidney biopsy, we tested our
patient for serum cryoglobulins, rheumatoid
factor, and serum complements. Results from
these tests (Table 3), in addition to the lack of
cryoglobulins on his biopsy, led to the conclusion that he had noncryoglobulinemic membranoproliferative glomerulonephritis.

TABLE 3

Results of additional testing in our patient
Test

Result

Reference value

Serum cryoglobulins

Negative

Negative

Rheumatoid factor

Negative

Negative

Complement C3

53.4 mg/dL

82–185

Complement C4

17.0 mg/dL

15–53

■■ WHO SHOULD RECEIVE TREATMENT
FOR HCV?

4

According to the current IDSA/AASLD
guidelines, which of the following patients
should not receive direct-acting antiviral
therapy for HCV?

□□ Patients with HCV and only low-stage
fibrosis
□□ Patients with decompensated cirrhosis
□□ Patients with a glomerular filtration rate
less than 30 mL/minute
□□ None of the above—nearly all patients
with HCV infection should receive
treatment for it
While certain patients have compelling indications for HCV treatment, such as advanced
fibrosis, severe extrahepatic manifestations
of HCV (eg, glomerulonephritis, cryoglobulinemia), and posttransplant status, current
guidelines recommend treatment for nearly
all patients with HCV, including those with
low-stage fibrosis.12
Patients with Child-Pugh grade B or C decompensated cirrhosis, even with hepatocellular carcinoma, may be considered for treatment. Multiple studies have demonstrated the
efficacy and safety of direct-acting antiviral
drugs in this patient population. In one randomized controlled trial,15 the combination of
ledipasvir, sofosbuvir, and ribavirin resulted in
high sustained virologic response rates at 12
weeks in patients infected with HCV genotype 1 or 4 with advanced liver disease, irrespective of transplant status (86% to 89% of
patients were pretransplant). Sustained virologic response was associated with improvements in Model for End-Stage Liver Disease
and Child-Pugh scores largely due to decreases

Glomerulonephritis in
patients with
cirrhosis is
often clinically
silent, and it
may be highly
prevalent
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The efficacy
of direct-acting
antiviral agents
for HCVassociated
glomerulonephritis
remains to be
studied but
is promising
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in bilirubin and improvement in synthetic
function (ie, albumin).
Similarly, even patients with a glomerular
filtration rate less than 30 mL/min are candidates for treatment. Those with a glomerular filtration rate above 30 mL/min need no
dosage adjustments for the most common
regimens, while regimens are also available
for those with a rate less than 30 mL/min.
Although patients with low baseline renal
function have a higher frequency of anemia
(especially with ribavirin), worsening renal
dysfunction, and more severe adverse events,
treatment responses remain high and comparable to those without renal impairment.
The Hepatitis C Therapeutic Registry and
Research Network (HCV-TARGET) is conducting an ongoing prospective study evaluating real-world use of direct-acting antiviral
agents. The study has reported the safety and
efficacy of sofosbuvir-containing regimens in

patients with varying severities of kidney disease, including glomerular filtration rates less
than 30 mL/min). The patients received different regimens that included sofosbuvir. The
regimens were reportedly tolerated, and the
rate of sustained viral response at 12 weeks remained high.16
The efficacy of direct-acting antiviral
agents for HCV-associated glomerulonephritis
remains to be studied but is promising. Earlier
studies found that antiviral therapy based on
interferon alfa with or without ribavirin can
significantly decrease proteinuria and stabilize
renal function.17–20 HCV RNA clearance has
been found to best predict renal improvement.
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■■ OUR PATIENT’S COURSE
Unfortunately, our patient’s kidney function
declined further over the next 3 months, and
he is currently on dialysis awaiting simultaneous liver and kidney transplant.
■

ADDRESS: Chitra Deepak Punjabi, MD, Department of Internal Medicine, Albert Einstein Medical Center, 5501 Old York
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