SYyMPOSIUM ON HUMAN IMMUNODEFICIENCY VIRUS INFECTION

HIV and the kidney

Kidney disease is an important complication of HIV infection. Antiretroviral therapy has dramatically improved

the life expectancy of HIV-infected patients with end-stage renal disease. Renal replacement therapy, including
kidney transplantation, should be offered to HIV-positive patients.

revolutionized the management of HIV infec-
tion. HAART suppresses HIV replication,
improves immune function, reduces the risk of oppor-

I I ighly active antiretroviral therapy (HAART) has

tunistic infections, and improves life expectancy as well
as quality of life of HIV-infected patients. Opportunistic
infections continue to cause significant morbidity and
mortality among late presenters (patients with newly
diagnosed, advanced HIV infection) and those declining
or without access to HAART. Opportunistic infections
are infrequently encountered in patients who respond to
HAART, particularly when HAART is initiated before
severe CD4+ T-lymphocytopaenia (CD4 count
<200 cells/mm3) has occurred.

Up to 30% of HIV-infected patients have some evi-
dence of renal disease (proteinuria or reduced glomerular
filtration rate). Renal disease, including proteinuria,
acute renal failure and chronic kidney disease, is associ-
ated with CD4+ T-lymphocytopaenia. Consequently,
initiation of HAART before CD4 counts drop below
200 cells/mm3 reduces the risk of developing renal dis-
ease as well as opportunistic infections. As the life
expectancy of HIV-infected patients on HAART increas-
es to decades, it becomes important to monitor the long-
term effects of HIV infection and HIV therapies on
kidney function. This review discusses recent insights in
the renal complications of HIV infection.

Proteinuria

Proteinuria, measured 21+ on dipstix, may be detected in
~30% of HIV-infected patients (Szczech et al, 2002;
Gupta et al, 2004), and 18% of HIV-infected women
may have or develop 22+ proteinuria (Gardner et al,
2003). Proteinuria is a risk factor for developing renal
failure (Szczech et al, 2002) and death (adjusted hazard
ratio 2.9) (Gardner et al, 2003). Risk factors for proteinu-
ria among women are black ethnicity (odds ratio 2.0),
CD4 count <200 cells/mm3 (odds ratio 1.4), hepatitis C
(HCV) co-infection (odds ratio 1.3), and high plasma
HIV RNA load. CD4 count <200 cells/mm?3 and detect-
able viral load are important risk factors (hazard ratio 3.6
and 2.3 respectively) for renal failure in proteinuric
women (Szczech et al, 2002). HIV-associated nephropa-
thy (HIVAN) is a collapsing form of focal glomeruloscle-
rosis with tubulo-interstitial injury and an important
cause of moderate to severe proteinuria (>0.5 g/day).
Formal diagnosis of HIVAN can only be made by renal
biopsy. It is also important to remember that hyperten-
sion and diabetic nephropathy are relatively common

causes of proteinuria in HIV-infected patients and these
diseases should be excluded in all HIV-positive patients.

Acute kidney disease in HIV-infected patients
Patients with HIV infection are at high risk of developing
acute renal failure. Almost one in ten HIV-infected
patients experience 21 episode of acute renal failure (inci-
dence rate 5.9 per 100 person years) (Franceschini et al,
2005). Risk factors for acute renal failure include CD4
count <200 cells/mm3, plasma HIV RNA level >10 000
copies/ml, AIDS-defining conditions (opportunistic infec-
tions and malignancies), intravenous drug use and HCV
co-infection. Acute renal failure is often the result of pre-
renal causes or acute tubular necrosis, and associated with
opportunistic infections and their therapies (7zble 1), and
with liver disease in patients co-infected with hepatitis
virus (Franceschini et al, 2005). Acute renal failure in HIV-
infected patients is an important risk factor for in-hospital
mortality (adjusted odds ratio 5.8) (Wyatt et al, 2006).

In the authors’ centre, >40% of all episodes of acute
renal failure occur in late presenters hospitalized for seri-
ous (opportunistic) infections within the first 3 months
of HIV diagnosis. These patients are typically not (yet) on
HAART, and drug toxicity contributes significantly to
the development of acute renal failure (7zble I). Patients
who do not take or who poorly respond to HAART
remain susceptible to infections and are consequently at
high risk of developing acute renal failure, whereas
patients who have experienced a favourable immunologi-
cal and virological response to HAART are at much
reduced risk of acute renal failure (Roe et al, 2007).

Since severe (opportunistic) infections, drug toxicity
and dehydration are important factors that contribute to
acute renal failure, careful monitoring of renal function
in hospitalized patients, cautious administration of
potentially nephrotoxic agents, and avoiding dehydra-
tion and non-steroidal analgesics which may precipitate
acute renal failure by interfering with the autoregulation
of glomerular perfusion, may be important measures to
reduce the risk of acute renal failure. Drug dosing should
be carefully adjusted for renal function in all patients
with acute renal failure.

Dr Frank A Post is Clinical Lecturer in HIV Medicine in the Academic

Department of HIV/Genitourinary Medicine and Professor Bruce M Hendry is
Professor of Renal Medicine in the Academic Department of Renal Medicine, Kings

College London, London SE5 9R]

Correspondence to: Dr FA Post

British Journal of Hospital Medicine, March 2008, Vol 69, No 3

137




SymrPOSIUM ON HUMAN IMMUNODEFICIENCY VIRUS INFECTION

Table 1. Infections and drugs associated with developing acute

renal failure in HIV-infected patients

Infections caused by Cryptococcus neoformans

Drugs

Pneumocystis jerovecii
Cytomegalovirus

Herpes simplex
Toxoplasmosis
Mycobacterium tuberculosis
Mycobacterivm avium complex
Staphylococcus aureus
Streptococcus pneumoniae
Salmonella spp.
Antimicrobials Amphotericin B
Co-frimoxazole
Sulfadiazine
Aminoglycosides
Capreomycin
Rifampicin
Oxacillin/flucloxacillin

Vancomycin
Aciclovir
Antiretrovirals Indinavir
Tenofovir
Other Non-steroidal anti-inflammatory drugs

Cyclooxygenase-2 inhibitors
From Franceschini et al (2005) and personal observations (2007)

Chronic kidney disease
in HIV-infected patients
Compared to the general, age-matched population, chron-
ic kidney disease is common in HIV-infected patients.
The prevalence of chronic renal failure (chronic kidney
disease stage 3 or greater (estimated glomerular filtration
rate <60 ml/min)) in HIV-infected patients is 2-4%. Risk
factors for chronic kidney disease include CD4 T-lym-
phocytopaenia, proteinuria, hypertension, diabetes and
HCV co-infection (Gupta et al, 2004; Krawczyk et al,
2004). HAART markedly reduces the risk of developing
chronic kidney disease (odds ratio 0.5) (Krawczyk et al,
2004). In the authors’ centre, most patients who are diag-
nosed with chronic kidney disease have evidence of renal
disease (glomerular filtration rate <60 ml/min and/or pro-
teinuria) at the time of HIV diagnosis. The incidence of
new stage 3—5 chronic kidney disease in patients who do
not have renal disease at HIV diagnosis is approximately 1
per 1000 person years (Campbell et al, 2007).

HIVAN is the most common actiology in patients
with chronic kidney disease who underwent renal biopsy

(Szczech et al, 2004; Gerntholtz et al, 2006). HIVAN

affects black patients, in whom the prevalence of HIVAN
may be 3.5% (Ahuja et al, 1999). HIVAN is associated
with advanced HIV infection, heavy proteinuria and
severe renal failure (Szczech et al, 2004; Atta et al, 2006),
although patients with mild proteinuruia (microalbu-
minuria) and normal glomerular filtration rate may have
HIVAN on renal biopsy (Han et al, 2006).

Before the availability of HAART, progression to end-
stage renal failure was common, and survival was meas-
ured in weeks (Carbone et al, 1989). The incidence of
HIVAN has declined in the HAART era (Lucas et al,
2004), and several reports have documented improve-
ment of renal function, amount of proteinuria and/or
renal histology in patients who initiated HAART
(Chemlal et al, 2000; Winston et al, 2001; Szczech et al,
2004; Atta et al, 2006). In the UK, the 5-year-survival
rate of HIVAN patients exceeds 90%. Nevertheless,
most HIVAN patients progress to end-stage renal failure
(Szczech et al, 2004; Atta et al, 2006). It remains to be
determined if angiotensin-converting enzyme inhibitors
or corticosteroids slow the progression of renal disease in
HIVAN patients receiving HAART.

Another form of chronic kidney disease that may affect
HIV-infected patients is immune complex glomerulone-
phritis (Haas et al, 2005; Gerntholtz et al, 2006). A study
from the USA described 14 predominantly black patients
whose renal histology resembled lupus nephritis with dif-
fuse or focal mesangial proliferation, crescent formation,
and immunoglobulin and complement deposition.
Patients had severe proteinuria, advanced renal failure, and
the majority of patients progressed to end-stage renal fail-
ure within 1 year (Haas et al, 2005). Patients with immune
complex kidney disease generally have advanced HIV
infection, and are clinically indistinguishable from those
who have HIVAN (Gerntholtz et al, 2006) (7able 2).
Other glomerulopathies, including focal glomerulosclero-
sis, immunoglobulin A nephropathy, membranous neph-
ropathy (which may relate to hepatitis B virus or syphilis
co-infection) and mesangiocapillary glomerulonephritis
(which may relate to HCV co-infection) have also been
documented in HIV-infected patients (Gerntholtz et al,
2006). It is unclear whether these pathologies are more
common in HIV infection, and whether HIV infection
affects their natural history. Co-morbidities, such as
hypertension, diabetes mellitus and reno-vascular disease,
are important causes of chronic kidney disease in HIV-
infected patients (Szczech et al, 2004). The adverse meta-
bolic effects of HAART, including dyslipidaemia and
insulin resistance, may unfavourably affect the natural his-
tory of these conditions as well as contribute to accelerated
atherosclerosis in patients with chronic kidney disease.

A small but significant proportion of HIV-infected
patients develop end-stage renal failure. In the authors
centre, 0.7% of patients developed end-stage renal failure.
These patients had severe renal failure at HIV diagnosis
(median estimated glomerular filtration rate 27 ml/min).
HIVAN, and therefore black ethnicity, is an important
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risk factor for developing end-stage renal failure (Campbell
et al, 2007). HAART has improved the prognosis of
HIV-infected patients maintained on chronic dialysis
(Ahuja et al, 2002). HIV-positive patients with end-stage
renal failure, CD4 counts >200 cells/mm3 and complete
suppression of HIV replication on HAART should now
be considered for kidney transplantation (Bhagani et al,
2006). Early results suggest that HIV-positive patients
have similar graft and overall survival rates as HIV-nega-
tive patients (Qiu et al, 2006). However, patients require
careful monitoring since HIV treatments (protease,
nucleoside and non-nucleoside reverse transcriptase
inhibitors) may significantly interact with many of the
drugs used as immunosuppressants after transplantation
including calcineurin inhibitors (ciclosporin and tac-
rolimus) and mycophenolate (Izzedine et al, 2004).

HAART nephropathy

Although most antiretroviral drugs may cause renal inju-
ry, indinavir and tenofovir have been most frequently
associated with nephrotoxicity. Crystallization of indina-
vir in the urinary tract, which can result in nephrolithiasis
or tubulo-interstitial nephritis, may affect up to 30% of
patients (Gagnon et al, 2000; Herman et al, 2001). Both
acute and chronic renal failure have resulted from indina-
vir administration. Although most episodes resolve with
rehydration and drug discontinuation, gradual loss of
renal function, and progressive or irreversible renal failure
have also been reported. Given the range of alternative
protease inhibitors, indinavir is now infrequently used.

Of greater interest to HIV physicians is the nephro-
toxic potential of tenofovir, a widely used nucleotide
reverse-transcriptase inhibitor. Tenofovir has been associ-
ated in case reports with acute and chronic renal injury,
renal tubular acidosis, Fanconi syndrome, nephrogenic
diabetes insipidus, hypokalaemia, hypophosphataemia,
and urinary concentration defects. In randomized clini-
cal trials, tenofovir use was not associated with renal
injury (Staszewski et al, 2005; Moreno et al, 2006). The
prevalence of tenofovir-associated renal toxicity in cohort
studies has generally been quite low (0.3-2%). Patients
who receive tenofovir as part of (ritonavir-boosted) pro-
tease inhibitor-containing HAART appear to be at
increased risk (Zimmermann et al, 2006). Other risk
factors include advanced HIV infection, old age, low
body mass, pre-existing renal failure, and co-administra-
tion of didanosine. The risk of renal injury in patients
without chronic renal failure who receive tenofovir as
part of non-nucleoside reverse transcriptase inhibitor-
containing HAART is very low (<1%).

Several reports of Fanconi syndrome (Malik et al,
2005; Davies et al, 2006), an otherwise extremely rare
condition, in patients receiving tenofovir are strongly
suggestive of a causal link. Patients on tenofovir should
be monitored regularly (every 3 months) for features of
tubular dysfunction. The combination of proteinuria,
hypophosphataemia and glycosuria (with normal blood

glucose) are strongly suggestive of Fanconi syndrome.
Suspected cases should be referred for nephrological
review. The proteinuria of Fanconi syndrome is tubular
and will not be detected by measurement of urinary
albumin:creatinine ratio or by use of an albumin-based
urine stick test. Discontinuation of tenofovir usually
leads to resolution of the renal abnormalities.

Assessment of renal function and
prevention of kidney disease

In accordance with American guidelines (Gupta et al,
2005), all HIV-infected patients should be screened for
the presence of chronic renal disease at the time of HIV
diagnosis and/or before commencing antiretroviral thera-
py- This screening should include estimation of glomeru-
lar filtration rate and stick test for proteinuria. Estimation
of glomerular filtration rate can be performed by measure-
ment of serum creatinine and application of the
Modification of Diet in Renal Disease formula, which
requires the patient’s age, gender and ethnicity (Gupta et
al, 2005). It should be repeated annually thereafter in
patients at risk of developing kidney disease (black patients
and patients with diabetes mellitus, hypertension, viral
hepatitis or proteinuria >1 g/day at baseline, and those not
receiving or not responding to antiretroviral therapy).
Those HIV patients who have 21+ proteinuria should be
further assessed by measurement of urine protein/creati-
nine ratio and in some cases 24-hour urine protein assay
(Figure I). Detection and management of hypertension
and diabetes is vital. Patients with stage 3 (or worse)
chronic kidney disease or with urinary protein/creatinine
ratio of >30 mg/mmol should be considered for nephro-
logical review. As most nucleos(t)ide reverse transcriptase
inhibitors are renally excreted, these drugs may require
dose adjustment in patients who develop renal failure.

Conclusions
Renal complications are common in HIV infection. All
patients should be assessed for proteinuria and impaired
renal function at the time of HIV diagnosis. Patients with
chronic kidney disease should be managed to prevent
progressive renal failure and cardiovascular complica-
tions. Renal replacement therapy and transplantation are
appropriate treatments for HIV-positive patients. BJHM

Table 2. Aetiology of chronic kidney disease in HIV-infected patients

HIV-associated nephropathy

Immune complex glomerulonephritis

Other forms of immune-mediated kidney disease
Diabetes mellitus

Hypertension

Renovascular disease

Drug toxicity

Obstruction
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Baseline visit:
Estimation of GFR
Urinalysis (for proteinuria)

v v

* < 1+ proteinuria on dipstick
* gGFR >60 ml/min

* > 1+ proteinuria on dipstick
* gGFR <60 ml/min

v ,

Patients af risk* of developing chronic
kidney disease

* Quantify proteinuria (protein/

) creatinine ratio)

Annual evaluation of GFR and urinalysis

* Perform renal ultrasound
* Consider referral to a nephrologist

Figure 1. Renal screening algorithm for HIV-infected patients. From Gupta et al (2005).
* Risk factors for chronic kidney disease include black ethnicity, diabetes, hypertension,
hepatitis C infection, (D4 counts <200 cells/mm3, HIV RNA >4000 copies/ml. eGFR =
estimated glomerular filtration rate.
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