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Abstract
Importance of the field—Human immunodeficiency virus (HIV) infection is associated with
the development of a wide spectrum of kidney diseases. HIV-associated nephropathy (HIVAN) is
the most common cause of chronic kidney disease (CKD) in HIV-infected individuals and
predominantly affects patients of African ancestry. HIVAN is a leading cause of end-stage renal
disease (ESRD) among African-Americans.

Areas covered in this review—an overview of the spectrum of kidney disease in patients with
HIV; current pharmacologic interventions to treat kidney disease in HIV.

What the reader will gain—Knowledge regarding the most common causes of kidney disease
in HIV-infected patients and principals related to pharmacotherapy in HIV-infected patients with
kidney disease.

Take home message—Kidney disease is an important cause of morbidity and mortality in
HIV-infected patients and the most common cause of chronic kidney disease in this population is
HIV-associated nephropathy, which is caused by viral infection of the renal epithelium. Several
medications that are commonly used in HIV-infected patients can have adverse effects on the
kidneys and the doses of many antiretroviral medications need to be adjusted in patients with
impaired renal function.
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1. Background
1.1 Historical perspective and epidemiology

Approximately 33.4 million people were living with Human Immunodeficiency Virus (HIV)
infection in 2008. [1] The prevalence of chronic kidney disease (CKD) is 15–30% in some
high-risk cohorts [2–5]. Kidney disease in HIV-infected patients is a recognized risk factor
not only for progression to end stage renal disease (ESRD) and dialysis but it is also
associated with progression to AIDS and death in HIV-infected patients [2,3,5–8]. The most
common kidney disease seen in HIV-infected patients is HIV-associated nephropathy
(HIVAN), which is characterized histopathologically by a collapsing form of focal
segmental glomerulosclerosis (FSGS) with microcystic tubular dilation and interstitial
inflammation and fibrosis [9]. After HIVAN was first described in 1984 [10], the incidence
of ESRD due to HIVAN rose steadily and peaked in the mid-1990s. Since the introduction
of combination anti retroviral therapy (cART) in the mid-1990s, the incidence of ESRD due
to HIVAN has remained relatively stable (Figure 1). Access to cART has also resulted in
dramatic improvement in survival of the HIV-infected patient population [11,12]. As a
result, there is a growing burden of chronic medical diseases in this aging population,
including diabetes mellitus, hypertension and hepatitis C – all of which are well-established
causes of chronic kidney disease (CKD). Furthermore, several antiretroviral medications are
associated with increased risk of developing kidney disease, which further contributes to
kidney disease in this population. Thus, despite the overall decrease in morbidity and
mortality in HIV-infected patients treated with cART, kidney disease continues to be an
important cause of morbidity and mortality in this population.

1.2 HIV associated nephropathy (HIVAN)
HIVAN is one of the leading causes of ESRD in African Americans aged 25–64 years.
According to the most recent US Renal Data Service (USRDS) annual data report, HIVAN
(reported as AIDS nephropathy) accounted for 4,208 incident ESRD cases from 2003
through 2007 [13]. 88% of these cases were in African-American patients, highlighting the
strong predilection of HIVAN for the black race [13]. The prevalence of HIVAN among
HIV-seropositive black patients is around 12–15% in autopsy studies [14,15].

HIVAN is typically seen in patients with advanced HIV disease and in the absence of ART,
presents with rapid decline in renal function and proteinuria which is often, but not
necessarily in the nephrotic range [16]. Most patients have moderate to severe renal
insufficiency, CD4 counts of less than 200 cell/mm3 and a detectable viral load at the time
of diagnosis [17]. Urinalysis is typically characterized by a bland sediment with renal
tubular epithelial cells and granular casts [18]. Other notable clinical findings include the
absence of hypertension or peripheral edema, which are usually present in patients with
other diseases associated with nephrotic range proteinuria and renal failure.
Ultrasonongraphic evaluation usually reveals kidneys that are normal or increased in size
and highly echogenic.

Renal biopsy is necessary for the diagnosis of HIVAN. In fact, even among African
Americans who are at highest risk of developing HIVAN, the majority of patients who
undergo diagnostic renal biopsy are diagnosed with renal diseases other than HIVAN.
[17,19] Typical histopathologic findings of HIVAN include collapsing focal segmental
glomerulosclerosis (FSGS), podocyte proliferation with formation of pseudocrescents,
microcystic tubular dilation with atrophy of tubular epithelial cells, and tubulointerstitial
inflammation and fibrosis. [9]. Glomerular endothelial tubuloreticular structures may be
seen on electron microscopy, indicating high systemic levels of interferon-alpha.
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Without treatment with cART, patients usually progress rapidly to ESRD within 8–16 weeks
and have a mortality rate that approaches 100% within 6 months of diagnosis. In the cART
era, the onset of HIVAN may be more insidious, with stable or slowly progressive renal
failure and lower levels of proteinuria. [20] Even after treatment with cART, patients with
HIVAN are more likely to progress to ESRD and have a worse survival compared to
patients without HIVAN [17]. The one-year mortality rate among incident ESRD patients
due to HIVAN was 30.8% from 2003 to 2007 [13].

1.3 Other chronic kidney diseases in HIV-infected patients
Increased longevity of persons living with HIV/AIDS in the cART era has led to aging of
this population. As a result, kidney diseases other than HIVAN are increasingly being
diagnosed by kidney biopsy in HIV-infected patients. In two large cohort studies of HIV-
infected patients who underwent diagnostic kidney biopsies in the United States (the John
Hopkins Cohort with 152 patients [17] and a multi-center cohort with 89 patients[21]),
though HIVAN was the most common single disease found at biopsy, the prevalence of non-
HIVAN lesions was 65.1% and 53%, respectively. And, it was even higher (83.1%) in a
prospective cohort of HIV-infected patients who had consented to post-mortem organ
donation (the Manhattan HIV Brain Bank Cohort with 89 patients[15]). Results from a
prospective cohort from Paris, France[22], which included 60 patients (31 white patients and
29 black patients) who underwent clinically indicated kidney biopsy suggested that FSGS
was more common in black patients (23 black patients vs 3 white patients, P<0.001) and
HIV associated immune-complex disease (HIVICK) was more frequently seen in white
patients (52% versus 21%). However, in a retrospective South-African cohort of 99 black
patients, HIVAN accounted for 27% of the cases and HIVICK accounted for 21% cases.
HIVICK was also seen in 17.9% and 14.6% patients in the John Hopkins and US multi-
center cohorts, which were predominantly African American. Other non-HIVAN lesions
seen in HIV-infected patients who underwent kidney biopsies in the above referenced
American cohorts include: non-collapsing FSGS (seen in 1.1 to 22.4% of patients),
hypertensive arterionephrosclerosis (5% to 16.9%), chronic pyelonephritis (1.1 to 7.9%),
diabetic nephropathy (3.4% to 6.7%), mesangial hyperplasia (6.1%), interstitial nephritis
(5.6%), ATN (2 to 2.2%), TTP/HUS (2.2%), amyloidosis (0.7 to 2.2%), MCD (0.7–1.1%)
and indinavir related acute kidney injury (AKI) (0.7 to 1.1%). Patients non-HIVAN renal
diseases are less likely to be African-American and have milder impairment of kidney
function, less proteinuria, higher CD4 count, and lower HIV viral load [17,21]. Szczech et
al, using multivariate modeling also showed that the time to initiation of renal replacement
therapy from the time of renal biopsy was significantly longer in patients with lesions other
than HIVAN when compared to patients with HIVAN[21]. Because of this prognostic
significance and the broad spectrum of kidney diseases seen in the HIV population (and also
therapeutic implications which will be discussed later), it is highly recommended that a
kidney biopsy be performed in HIV-infected patients with renal disease, especially when
significant proteinuria is present to establish an accurate diagnosis, unless contraindicated.

1.4 Genetic basis of HIVAN susceptibility
HIVAN almost exclusively affects individuals of African descent [23,24], and patients with
HIVAN have an increased familial risk for kidney disease [25]. These observations suggest
a hereditary component, but up until recently the genetic basis was elusive. Two studies
reported a highly significant peak of excess African ancestry in Chromosome 22 in cohorts
with idiopathic FSGS (focal segmental glomerulosclerosis), HIVAN, [26] and non-diabetic
ESRD [27] by MALD (mapping by admixture linkage disequilibrium). MYH9 (non-muscle
myosin heavy chain 9) was initially proposed as the candidate gene, based on the location of
the MALD peak, expression of MYH9 in podocytes, and previously reported syndromes
with glomerular involvement attributed to mutations in MYH9. [28]
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However, two recent reports using SNP data from the recently released 1000 Genomes
Project implicate polymorphisms in the apolipoprotein L-1 (APOL1) gene on chromosome
22 in conferring susceptibility to FSGS and hypertension-attributed ESRD among African-
Americans [29,30]. Two APOL1 coding sequence polymorphisms (termed G1 and G2)
show the strongest association with FSGS and hypertension-attributed ESRD with an
autosomal recessive pattern of inheritance. Importantly, after controlling for APOL1
genotype, there was no residual association of renal disease with MYH9 variants. Given the
deleterious effects of renal disease, the high prevalence of APOL1 polymorphisms among
Yoruban Africans (38% for G1 and 8% for G2) prompted the investigators to study whether
these polymorphisms confer protection against human parasitic diseases. Using in vitro
assays, the investigators demonstrated that the G1 and G2 variants of APOL1 are more
effective than wild-type APOL1 in lysing certain subspecies of Trypanosoma brucei, the
protozoa that causes sleeping sickness [29]. It is therefore possible that the role of APOL1 in
protection against parasitic disease in African may have led to a survival advantage for
persons with the G1 and G2 genotypes and may explain the disproportionately high
incidence of renal disease among African Americans. The mechanism by which APOL1
polymorphisms predispose patients to development of renal disease remains to be
determined. While these findings are yet to be validated in a cohort of HIV-infected
patients , it is likely that APOL1 polymorphisms confer increased risk of HIVAN.

2. Treatment of HIV associated nephropathy
2.1 Antiretroviral therapy

cART has become the cornerstone of therapy for HIVAN, and is recommended by the IDSA
as an indication for treatment of HIVAN, regardless of CD4+ cell count. [31,32] Early
reports showed possible utility of treatment with zidovudine (AZT) monotherapy. [33] In the
context of cART, one case report [34] described a patient with HIVAN and dialysis-
dependent renal failure, who recovered renal function after 13 weeks on cART, and had
significant improvements in proteinuria and renal histology. Similarly, Winston et al. [35]
reported a patient with acute retroviral syndrome and severe nephrotic syndrome with AKI
requiring hemodialysis. Initiation of ART led to resolution of renal failure, a decline in
proteinuria, and normalization of tubular architecture and podocyte morphology. In a
retrospective cohort study of 19 HIV-infected patients with renal disease [36], the use of
protease inhibitors was found to have a benefit on the progression of the nephropathy. In a
retrospective cohort study by Atta et al. [37], 26 patients treated with ART were compared
to 10 untreated patients. Renal survival was significantly better by multivariate analysis in
the ART group compared to no treatment (adjusted HR=0.3, P<0.05). Finally, in a cohort of
nearly 4,000 HIV-1 infected patients [38] followed longitudinally at the Johns Hopkins
Hospital, the risk for HIVAN in the subgroup with AIDS was 6.8 and 26.4 episodes per
1,000 patient-years among those that received and did not receive ART, respectively. In a
multivariate analysis, ART reduced the risk for HIVAN by 60%. No patient developed
HIVAN if ART was initiated prior to the diagnosis of AIDS. In a mathematical model
studying the dynamics of HIV and ESRD [39], it was estimated that in the period after 1995
(the introduction of ART), the rate of progression to HIV+ ESRD decreased by 38%.
However, despite this beneficial effect, the prevalence of HIV-related ESRD was predicted
to rise as a result of the increase in the population of African Americans with AIDS.

Given our current understanding that HIVAN pathogenesis is driven by viral replication in
renal epithelia and subsequent HIV-1 gene expression, it seems logical that cART should be
an effective strategy for the prevention and treatment of HIVAN. It must be recognized,
however, that empirical evidence to support the use of cART in this setting is moderate at
best. There has been no randomized controlled trial to date assessing the efficacy of cART
on renal outcomes in patients with HIV. [40]
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2.2 Steroids
There are several reports of improvement in renal function and proteinuria with
corticosteroids in patients with HIVAN. Twenty patients with HIVAN [41] were followed
prospectively, and received prednisone at a dose of 60 mg/day for 2–11 weeks with a
subsequent taper of variable duration. Seventeen patients responded with a significant
improvement in renal function, and decrease in serum creatinine from a mean of 8.1 mg/dL
to 3 mg/dL (P<0.001). Five patients relapsed, but re-treatment was effective. Twelve of 13
patients with paired 24-hour urine collections had a significant decline in proteinuria (9.1 g/
day to 3.2 g/day, P<0.005). However, there was no placebo group in this study and eleven
patients died during follow up.

In a retrospective cohort study, Eustace et al. [42] compared 13 patients treated with
corticosteroids for one month, followed by several-month taper, with 9 untreated patients.
Corticosteroid therapy had a significant protective effect against progressive azotemia
(RR=0.2, P<0.05) that was retained after multivariate adjustment. There was a reduction in
the levels of proteinuria by a mean of 5.5 g/day with no significant difference in the rates of
serious infections. In a retrospective study of 102 patients with biopsy-proven HIVAN, the
use of steroids [43] was among the factors associated with better renal outcomes.

2.3 ACE inhibitors and All receptor blockers
Data from animal and human studies suggests that medications that blockage of the renin-
angiotensin system (RAS) is an effective approach to slow the progression of several forms
of CKD. Large randomized controlled clinical trials have demonstrated that angiotensin
converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) can slow the
progression of diabetic nephropathy and non-diabetic CKD [44]. The protective effects of
these agents may be mediated via amelioration of intraglomerular hypertension,
hyperfiltration, and proteinuria and their use in patients with proteinuria and CKD is
supported by Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC7) [45] and National Kidney Foundation Kidney Disease
Outcomes Quality Initiative (K/DOQI) guidelines on the use of antihypertensive agents in
patients with CKD [46], which recommend aggressive control of blood pressure and
proteinuria in patients with CKD.

There have been small clinical studies evaluating the role of RAS blocking agents in the
treatment of HIVAN. In a case-control study of 18 patients with biopsy-proven HIVAN
during the pre-ART era [47] investigators reported that captopril therapy was associated
with significantly longer renal survival (156 days) compared with untreated patients (37
days, P<0.002). In a study of 20 patients with HIVAN, Burns, et al. [48] examined the
benefits of ACE inhibitors (10 mg of fosinopril daily) on renal function. Of 11 patients with
subnephrotic proteinuria, 7 were treated with fosinopril, and 4 were not. Despite similar
baseline creatinine and protein excretion, after 24 weeks of treatment, creatinine was 1.5 and
4.9 (P=0.006) and proteinuria was 1.25 g/24h and 8.5 g/24h (P=0.006) in the treated and
untreated groups, respectively. Of 9 patients with nephrotic-range proteinuria, 5 were treated
and 4 served as controls. Again, despite comparable baseline creatinine and protein
excretion, after 12 weeks of therapy, creatinine was 9.2 mg/dL and 2.0 mg/dL (P=0.02), and
proteinuria was 10.5 g/24h and 2.8 g/24h (P=0.008) in the treated and untreated groups,
respectively.

The same group prospectively followed 44 patients with biopsy-proven HIVAN [49] for 5
years. Fosinopril was offered to all patients and ACE inhibitor-adherent patients (n=28)
were compared to patients who refused treatment (controls, n=16). Despite comparable
baseline CD4+ counts, creatinine, and levels of proteinuria, all 16 controls progressed to
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ESRD, while only one of 28 treated patients (3.6%) developed ESRD during follow up
(P<0.0001). Median renal survival of untreated and treated patients was 146 and 479 days,
respectively (P<0.0001). Interpretation of the results from the above studies is difficult due
to selection bias (instead of random allocation, patients that declined therapy were used as
controls). In addition, detailed data about ART treatment during the study is lacking.
Moreover as patients were enrolled prior to the advent of conventional cART, it is unlikely
that they received appropriate antiviral therapy that would have maximally suppressed viral
replication for a large portion of the follow-up period [50,50].

Data about the potential benefits of ACE inhibitors or ARBs on the progression of HIVAN
in the context of combination ART is lacking. Guidelines for the management of CKD in
HIV-infected patients recommend the use of ACE inhibitors or ARBs in the presence of co-
existant hypertension and proteinuria, but make no recommendations regarding their use in
non-hypertensive patients [31].

2.4 Cyclosporine
In 1991, Igulli et al. reported [51] that treatment of fifteen children with HIV and nephrotic
syndrome and variable histologic findings with cyclosporine induced remission of nephrotic
syndrome whereas prednisone did not appear to have a beneficial effect. However, no
subsequent studies have examined the role of cyclosporine in the treatment for HIVAN or
other forms of CKD in HIV-infected patients in the cART era.

3. Treatment of other kidney diseases in HIV-infected patients
Though few studies have focused on therapy for HIV-associated renal diseases other than
HIVAN, it is likely that treatment with cART may be renoprotective in patients with other
forms of kidney disease. Studies have demonstrated that initiation of cART is associated
with improved renal function in treatment naïve African patients [52,53], though the
underlying cause of kidney disease in these studies is unknown. Recent studies have also
demonstrated that renal function in HIV-infected patients is correlated with degree of viral
suppression [54,55]. It is not known whether the effect of ART is via suppression of viral
replication in the kidney or due to changes in the systemic inflammatory milieu which may
have adverse effects upon renal function.

In the Strategies for Management of Anti-Retroviral Therapy (SMART) study, participants
assigned to the episodic ART treatment strategy had a trend toward fewer fatal and nonfatal
renal events than those assigned to continuous ART (9 vs 2, p=0.054) prior to protocol
modification. However, participants in the episodic therapy arm had fewer renal events than
continuously suppressed participants after protocol modification (1 vs 6, p=0.01) [56]. In a
later analysis of SMART participants, discontinuation of ART was associated with a small
increase in plasma cystatin C, an alternative marker of kidney function, which persisted
during one year of follow up [56]. Taken together, these studies suggest that the salutary
effect of ART upon renal function may not be specific to patients with HIVAN. However,
little is know regarding which types of renal disease other than HIVAN are likely to improve
with ART.

The optimal treatment of proliferative glomerulonephritis, IgA nephropathy and other renal
diseases (excluding HIVAN) in the setting of HIV infection is uncertain. [57] In one case
report [58], a Caucasian man with HIV infection and biopsy proven IgA nephropathy with
nephrotic range proteinuria and normal GFR, captopril therapy induced a significant
reduction in proteinuria. In a retrospective cohort study [21], comparing clinical
characteristics of 42 patients with HIVAN and 47 patients with other renal diseases, ART
was not found to be efficacious in the cohort with non-HIVAN renal disease.
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4. Renal toxicity of antiretroviral medications
The widespread use of cART in developed countries has led to a marked reduction in
mortality and incidence of AIDS defining illnesses in persons with HIV/AIDS. Though
cART has also decreased the incidence of some HIV-associated illnesses such as HIVAN, it
can also have significant effects upon the kidney. Table 1 summarizes the reported renal
adverse effects with individual anti retroviral medications. In this section, we will focus on
tenofovir, indinavir and atazanavir as these drugs are the ART medications most commonly
associated with nephrotoxicity.

Nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs) are primarily eliminated
unchanged in the urine (except for abacavir, which is metabolized by the liver) and hence
require dosage adjustment in patients with compromised renal function. On the other hand,
non-nucleoside reverse transcriptase inhibitors (NNRTIs) and protease inhibitors (PIs)
undergo hepatic metabolism and do not need dose adjustment with renal impairment. Dose
modifications have been recommended for some NNRTIs and PIs with hepatic dysfunction
[59]. Table 2 summarizes the dosing recommendations for different anti-retroviral
medications in patients with renal insufficiency [59]. It is important to note that many of the
dosage recommendations are based on limited data and it is imperative that patients with
organ dysfunction should be monitored closely for drug efficacy and toxicity.

Tenofovir
Tenofovir is the first and the only nucleotide reverse transcriptase inhibitor approved for
treatment of HIV infection. It is primarily excreted in the urine by glomerular filtration and
tubular secretion. Uptake of tenofovir into the proximal tubular epithelial cells is mediated
by the human organic anion transporters (hOAT) on the basolateral membrane-
predominantly by hOAT1 and to a lesser degree by hOAT3[60]. It is then secreted into the
tubular lumen by the multi-drug resistance associated-protein[60]. The exact mechanism of
NRTI nephrotoxicity is not certain. It has been hypothesized that tenofovir accumulates in
the tubular cells and causes apoptosis by direct tubular injury[61] or results in mitochondrial
DNA depletion by inhibition of mitochondrial DNA replication[62,63].

Nelson et al[64], examined the incidence of serious adverse effects (SAE) of tenofovir in
10,343 patients who were enrolled in a tenofovir expanded access program. Only 6% of the
patients had a SAE after a cumulative patient exposure to tenofovir of 3,700 person-years.
The most commonly reported SAE were renal events which were observed in 0.5% of
patients. Renal failure was seen in 0.3% of patients. Proximal tubule dysfunction and
nephrogenic diabetes insipidus were seen in less than 0.1% of the patients. Bone
abnormalities and lactic acidosis were seen in 0.1% of the patients. Median time to onset of
renal adverse events was 282 days (IQR: 443) and median time to resolution was 86 days
(95% CI: 67–145).

In the EuroSIDA study[65], which is a prospective observational cohort study of more than
16,505 patients followed in 103 hospitals in 32 European countries plus Israel and
Argentina, tenofovir use was associated with increased risk of developing CKD (16%
relative increase per year of exposure) even after adjustment for baseline eGFR , AIDS and
other significant confounders . Among patients who stopped taking tenofovir during follow-
up, the risk of CKD remained elevated in the first 12 months (IRR 4.05, 95% CI 2.52–6.53)
but did not persist after 12 months (IRR 1.12, 95% CI 0.63 – 1.99). Co

In the John Hopkins HIV Cohort[66], tenofovir use was associated with a 4% relative
decline in creatinine clearance (CrCl) compared with other NRTIs. Tenofovir-exposed
patients also demonstrated a faster decline in CrCl than tenofovir-unexposed patients in the
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HIV Outpatient Cohort (−3.2 vs 1.2 ml/min) [67], in the Swiss HIV Cohort (4.1 to 5.5 mL/
min) [68] and in an Australian HIV cohort (−5.6 v 1.26 ml/min) [69]. Concomittant use of
tenofovir with ritonavir-boosted protease inhibitor regimens is associated with greater
decline in estimated GFR than patients treated with tenofovir/ NNRTI regimens [70,71].

Tenofovir toxicity can also result in varying degrees of proximal tubular dysfunction,
including Fanconi’s syndrome which is characterized by global dysfunction of the proximal
tubule resulting in proteinuria, glycosuria, hypophosphatemia, hypouricemia, hypokalemia,
phosphaturia and aminoaciduria. This solute loss leads to acidosis and bone disease. Two
cases of tenofovir-induced hypophosphatemia induced osteomalacia have been reported[72].
Both patients presented with bone pain which resolved after drug discontinuation and
mineral supplementation. Three cases of tenofovir induced nephrogenic diabetes insipidus
have also been reported in literature. In all three cases polyuria resolved after tenofovir was
discontinued[63].

Because of these findings the Infectious Disease Society of American (IDSA) recommends
biannual screening for proteinuria and glycosuria with urine analysis and measurement of
serum creatinine and phosphate in patients receiving tenofovir with a eGFR of < 90 ml/min/
1.73m2. [31] Biannual screening is also recommended in tenofovir-treated patients who are
exposed to ritonavir boosted protease inhibitor regimens, other medications that undergo
renal secretion (e.g., acyclovir, ganciclovir, or cidofovir), and in patients with co morbidities
such as diabetes and hypertension. If a tenofovir-treated patient develops AKI, tenofovir
should be stopped and evaluation and close follow-up by a nephrologist is recommended.
Most cases either have a partial or complete renal recovery after stopping the drug, usually
within a few months to a year.

Indinavir
Indinavir is a potent protease inhibitor and is generally well tolerated but can have
significant renal side effects. Despite being readily metabolized by the liver, approximately
20% of the drug is excreted unchanged in the urine . [73] Indinavir is poorly soluble in the
urine at physiological pH[74]. In a NIH study of 240 patients treated with indinavir, 20%
had crystalluria, 8% developed urological symptoms (dysuria, back or flank pain) and 3%
developed nephrolithiasis[75]. Risk factors for urological symptoms during indinavir
treatment include higher doses (1000mg or more twice daily), low body weight, low lean
body mass, warm environmental temperature, concomitant cotrimoxazole use and
undetectable HIV RNA levels when starting indinavir therapy[76]. Gagnon et al studied 54
indinavir-treated patients and found that 39% of patients had sterile pyuria, of whom 24%
also had a concomitant rise in creatinine[73]. In 2002, Kopp et al found an association
between sterile pyuria due to indinavir use and interstitial nephritis[77]. Of the 23 indinavir-
treated patients with pyuria in this study, 14 patients had interstitial nephritis and others had
urothelial or non-specific inflammation of the urinary tract. Six patients also had elevated
serum creatinine levels. Urine abnormalities and serum creatinine normalized in all 20
patients who stopped indinavir. In the EuroSIDA study, indinavir-treated patients had a 12%
increased risk of developing CKD per year when compared to those who were not receiving
indinavir in multivariate models[65].

The IDSA recommends that indinavir-treated patients should drink a minimum of 1.5 liter of
water per day to increase urine flow rates to prevent stone formation[31]. IDSA also
recommends periodic monitoring of renal function and screening for pyuria during the first
six months of indinavir therapy and biannually thereafter. Routine screening for crystalluria
is not recommended unless there is suspicion of nephrolithiasis. In patients who develop
indinavir nephrolithiasis, therapy can be restarted once rehydration is achieved. Indinavir
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should however, be permanently discontinued in patients who develop indinavir induced
pyuria, renal insufficiency, hypertension or rhabdomyolysis.

Atazanavir
Atazanavir is a newer protease inhibitor which has recently been reported to be associated
with increased risk of nephrolithiasis. According to the product information provided by the
manufacturer seven percent of atazanavir is excreted unchanged in the urine after a single
400mg dose. Like indinavir, atazanavir is also poorly soluble at physiological and hence is
more prone for precipitation. In 2007, a review of the US Food and Drug Administration’s
Adverse Event Reporting System identified 30 cases of nephrolithiasis in atazanavir-treated
patients[78]. 14 of these 30 patients had their stones analyzed by infrared
spectrophotometry, which determined that in 12 patients, stones were composed of
atazanavir. The median time to onset of nephrolithiasis in atazanavir-treated patients was 1.7
years in the 17 cases that had detailed information. 17% of the patients who developed
nephrolithiasis had underlying liver disease due to hepatitis B or C. 17% patients developed
AKI at the time of nephrolithiasis and all patients recovered renal function after the stone
was removed and atazanavir was discontinued. In addition to nephrolithiasis, one case of
acute interstitial nephritis (AIN) has also been reported with in patients treated with
atazanavir[79]. In the EuroSIDA study, atazanavir-treated patients had a 21% increased risk
of developing CKD per year when compared to those who were not receiving atazanavir in
multivariate models. This increased risk reverted back to baseline after the drug is stopped
and the risk of CKD among patients who stopped atazanavir was similar to those who were
not exposed to atazanavir[65]. Though mechanism of the development of reversible CKD in
patients treated with atazanavir is not known, since atazanavir can induce crystalluria, which
can be associated with acute renal failure [80], it is possible that these patients have
subclinical renal crystal deposition.

In light of these data, it is likely that atazanavir can cause renal and urologic complications
in patients (at a much lower rate) that are reminiscent of indinavir. Though there are no
guidelines suggesting specific measures to prevent atazanavir-induced renal/urologic
disease, it is possible that atazanavir-treated patients may benefit from conservative
measures to avoid dehydration and preserve adequate urine flow to minimize the risk of
crystal and stone formation. It may also be reasonable to periodically monitor of renal
function during atazanavir therapy, particularly in patients with liver dysfunction.
Discontinuation of atazanavir should be considered in patients who develop nephrolithiasis
or kidney failure unless other causes are evident. In patients who develop nephrolithiasis due
to atazanvir therapy, it is likely that the medication can be restarted once adequate hydration
is achieved, however, there are no published data to determine the likelihood of recurrence.

5. Renal dose-adjustment of non-ART medications commonly used in HIV/
AIDS

In addition to anti-retroviral therapy, HIV-infected patients are also frequently exposed to
antibiotics (including anti-tuberculosis medications), anti-viral agents and anti-fungal agents
because these patients are at increased risk of developing infections. Several of these
antimicrobial agents are also associated with nephrotoxicity (see Table 3). Clinicians should
exercise caution when using these medications in patients with CKD as many of these
medications will require dose adjustment to prevent toxicity or may have to be avoided all
together.
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6. Conclusion
HIV-associated nephropathy is the most common kidney disorder in HIV-infected
individuals, predominantly affecting patients of African ancestry. A host of other kidney
diseases may present in a similar fashion, and kidney biopsy is necessary to establish a
definitive diagnosis. Based upon retrospective and observational studies, current guidelines
dictate that patients with HIVAN should be treated with cART. Moreover, it is unlikely that
such studies will be performed in the future, given the wide acceptance of this practice, and
case series and retrospective studies suggesting benefit. The role of cART in kidney diseases
other than HIVAN is unclear. Antiretroviral agents, despite their likely renal protective role,
can also have substantial nephrotoxic effects, and their dosing must be adjusted with
changing renal function.

7. Expert opinion
7.1 Key findings and weaknesses?

Kidney disease is an important cause of morbidity and mortality in HIV-infected patients.
HIVAN is the most common cause of chronic kidney disease in HIV-infected patients and is
caused by viral infection of the renal epithelium. Observational and retrospective studies
suggest that cART significantly attenuates the course of HIVAN though randomized studies
are not available. Clinicians who treat these patients should be aware of nephrotoxic effects
of several commonly used medications and doses of many ART agents need to be adjusted
in patients with impaired kidney function.

7.2 Research potential? Ultimate goal in this field?
HIVAN is an important cause of morbidity and mortality in HIV-infected patients. The
recently published association of FSGS and hypertension-attributed ESRD in African
Americans with polymorphisms in the APOL1 gene must be verified in a population of
patients with HIVAN and, basic studies are needed to explain how polymorphisms in
APOL1 predispose to glomerulosclerosis. Further studies are also needed to better
understand how HIV infection leads to progressive kidney disease in genetically susceptible
individuals. It is likely that advances in the treatment in the prevention and treatment of
HIVAN will improve the care of patients with other forms of renal disease, particularly
those with focal glomerulosclerosis. More data are also needed to determine whether
particular ART agents are protective or deleterious in patients with kidney disease or at risk
of kidney disease.

7.3 What is needed to achieve this goal and what is the biggest challenge?
Investigators need to assemble large cohorts of HIV-infected patients with kidney disease
and/or at risk of developing kidney disease so that prospective studies can be implemented
to determine the optimal treatment strategy for these patients.

7.4 What is going to happen in the next few years?
It is likely that the genetic factors that predispose persons of African descent to HIVAN and
other forms of kidney disease will become much better understood and additional risk
factors for the development of kidney disease in HIV-infected patients are likely to be
elucidated.

7.5 Any particularly interesting areas of research?
Studies that elucidate the mechanisms for increased susceptibility of HIV-infected blacks to
kidney disease are likely to yield future treatments for HIV infected and non-infected
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patients at risk of developing kidney disease. It will also be critical to determine whether
modifying the approach to treatment in patients with kidney disease or at risk of developing
kidney disease will improve overall clinical outcomes in this population.

Article Highlights

- HIV-infected patients are at increased risk for several forms of chronic kidney
disease

- Chronic kidney disease is associated with increased risk of mortality in HIV-
infected patients

- Anti-retroviral therapy is the most effective treatment for HIV-associated
nephropathy and may have beneficial effects on renal function in patients with
some other forms of chronic kidney disease

- Several antiretroviral agents are associated with increased risk of kidney and/or
urologic disease, including tenofovir, atazanavir, and indinavir

- Clinicians must exercise caution when prescribing nucleoside and nucleotide
reverse transcriptase inhibitors in patients with kidney disease as many of these
agents require dose adjustment to reduce the risk of drug toxicity
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Figure 1.
Incidence and prevalence of ESRD from HIV-associated nephropathy (1990–2007).
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Figure 2.
Spectrum of Kidney Disease in HIV.
Abbreviations: HIVAN, HIV Associated Nephropathy; HIVICK, HIV immune complex
kidney disease; HAART, highly active ant retroviral therapy; ATN, acute tubular necrosis;
GN, glomerulonephritis; MPGN, membrano-proliferative GN, AKI, acute kidney injury;
AIN, acute interstitial nephritis; DI, diabetes insipidus, MCD, minimal change disease; TTP,
thrombotic thrombocytopenic purpura.
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Table 1

Adverse Renal Effects of Anti-Retroviral Medications

Medication
(BRAND NAME)

Nephrotoxicity References

NRTIs

      Abacavir (ZIAGEN) Fanconi, nephrogenic DI, AIN [81,82]

      Didanosine (VIDEX EC) Fanconi, nephrogenic DI [83,84]

      Emtricitabine (EMTRIVA) None

      Lamivudine (EPIVIR) Fanconi [85]

      Stavudine (ZERIT) AKI, Fanconi [85,86]

      Tenofovir (VIREAD) AKI, fanconi, hypophosphatemic osteomalacia,
nephrogenic DI

[66–
69,87,88]

      Zidovudine (RETROVIR) None

NNRTIs

      Delavirdine (RESCRIPTOR) None

      Efavirenz (SUSTIVA) AKI, MCD, urolithiasis, [89–92]

      Etravirine (INTELENCE) None

      Nevirapine (VIRAMUNE) AKI in the setting of DRESS [93]

Protease Inhibitors

      Atazanavir (REYATAZ) Urolithiasis, AIN [78,79]

      Darunavir(PREZISTA) None

      Fosamprenavir (LEXIVA) Urolithiasis [94]

      Indinavir (CRIXIVAN) Urolithiasis, AIN, , sterile pyuria, AIN, AKI,
nephrogenic DI, papillary necrosis, renal atrophy

[73,75–
77,95–97]

      Ritonavir (NORVIR) Urolithiasis, AKI, Pancreatorenal syndrome [98]

      Lopinavir/Ritonavir
      (KALETRA)

Urolithiasis [99]

      Nelfinavir (VIRACEPT) Urolithiasis [100]

      Saquinavir (INVIRASE) Urolithiasis [101]

      Tipranavir (APTIVUS) None

Entry Inhibitors

      Enfuvirtide (FUZEON) MPGN [102]

      Maraviroc (CELSENTRI) None [103]

      Vicriviroc None [104]

Integrase inhibitors

      Raltegravir (ISENTRESS) None [105]

      Elvitegravir None [106]

Abbreviations: AIN, acute interstitial nephritis; AKI, acute kidney injury; DRESS, drug rash with eosinophilia and systemic symptoms; DI,
diabetes insipidus; MPGN, membranoproliferative glomerulonephritis.

Adapted with permission from Jao J, Wyatt CM. Antiretroviral medications: adverse effects on the kidney. Adv Chronic Kidney Dis;17:72–82.
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Table 2

ART Dosing In Patients With Renal Insufficiency

Medication Daily dosing Renal dosing for adults

NRTIs

Abacavir
(ZIAGEN)

300mg PO BID or 600mg PO
QD (if used in combination with
other ART)

No dosage adjustment needed

Didanosine
(VIDEX EC)

Body weight <60kg: 250mg PO
QD or 125mg PO BID

CrCl 30–59: 125mg PO QD
CrCl 10–29: 125mg PO QD
CrCl <10: not recommended
HD or PD: not recommended

Body weight ≥60kg: 400mg PO
QD or 200mg PO BID

CrCl 30–59: 200mg PO QD
CrCl 10–29: 125mg PO QD
CrCl <10: 125mg PO QD
HD or PD: 125mg PO QD; no supplement.

Emtricitabine
(EMTRIVA)

200mg PO QD (capsule) CrCl 30–49: 200mg PO Q48H
CrCl 15–29: 200mg PO Q72H
CrCl <15: 200mg PO Q96H
HD: 200mg PO Q96H; dose after hemodialysis.

240mg PO QD (solution) CrCl 30–49: 120mg PO Q24H
CrCl 15–29: 80mg PO Q24H
CrCl <15: 60mg PO Q24H
HD: 60mg PO Q24H; dose after hemodialysis.

Lamivudine
(EPIVIR)

150mg PO BID or 300mg PO
QD.
If body weight <50kg: 4mg/kg
BID (max 150mg BID)

CrCl 30–49: 150mg PO QD
CrCl 15–29: 150mg PO x 1, then 100mg PO
QD
CrCl 5–14: 150mg PO x 1, then 50mg PO QD
CrCl <5: 50mg PO x 1, then 25mg PO QD
HD or PD: 50mg PO x 1, then 25mg PO QD;
no supplement.

Stavudine
(ZERIT)

Body weight <60kg: 30mg PO
Q12H

CrCl 26–50: 15mg PO Q12H
CrCl: 10–25: 15mg PO Q24H
HD: 15mg PO Q24H; dose after hemodialysis.

Body weight ≥60kg: 40mg PO
Q12H

CrCl 26–50: 20mg PO Q12H
CrCl 10–25: 20mg PO Q24H
HD: 20mg PO Q24H; dose after hemodialysis.

Tenofovir
(VIREAD)

300mg PO QD CrCl 30–49: 300mg PO Q48H
CrCl 10–29: 300mg PO Q72–96H
CrCl <10: 300mg PO Q 7 days
HD: 300mg PO Q 7 days; dose after
hemodialysis.

Zidovudine
(RETROVIR)

Oral: 300mg PO BID CrCl <15, HD or PD: 100mg PO TID or 300mg
PO QD
CVVH: 100mg PO Q8H

Combination medications

Abacavir 600mg +
Lamivudine
300mg
(EPZICOM)

1 tab PO QD CrCl < 50: Not recommended

Zidovudine 300mg
+ Lamivudine
150mg
(COMBIVIR)

One tab PO BID CrCl <50: not recommended

Abacavir 300mg +
Lamivudine 150mg
+
Zidovudine 300mg
(TRIZIVIR)

One tab PO BID CrCl <50: not recommended

Lopinavir 200mg +
Ritonavir 50mg

HAART naïve pts: 4 tabs PO No dosage adjustment needed
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Medication Daily dosing Renal dosing for adults
(KALETRA) QD or 2 tabs PO BID§

HAART experienced pts: 2 tabs
PO BID

Tenofovir 300mg +
Emtricitabine
200mg
(TRUVADA)

One tab PO QD CrCl 30–49: 1 tab PO Q48H
CrCl <30: not recommended
HD: not recommended

Tenofovir 300mg +
Emtricitabine
200mg +
Efavirenz 600mg
(ATRIPLA)

One tab PO QD CrCl <50: not recommended

NOTE: Dose adjustments are not necessary because of renal insufficiency for non nucleoside reverse transcriptase inhibitors (delavirdine,
efavirenz, etravirine, and nevirapine), protease inhibitors (atazanivir, darunavir, fosamprenavir, indinavir, nelfinavir, ritonavir, saqinavir, and
tipranavir), entry inhibitors (enfuvirtide, maraviroc), or the integrase inhibitor (raltegravir).

ABBREVIATIONS: ART, Anti-retroviral therapy; CrCl, creatinine clearance; HD, hemodialysis;PD, peritoneal dialysis; QD, once daily; BID
twice daily; TID three times daily.

§
QD dosing contraindicated with indinavir, maraviroc, saquinavir, phenytoin, carbamazepine or phenobarbitol.

REFERENCE: Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-infected
adults and adolescents. Department of Health and Human Services. December 1, 2009; 1–161. Available at
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf. Accessed Oct 21, 2010.
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Table 3

Adverse renal effects of commonly used antimicrobial medications in patients with HIV/AIDS

Medication Renal adverse effects Reference

Anti-bacterials

    Beta-lactam antibiotics AIN [107]

    Floroquinoilones AIN [107]

    Rifampin ATN
RPGN
AIN
Light chain proteinuria

[108]

    Streptomycin Elevated serum creatinine [109]

    Trimethoprim +
        Sulfamethoxazole

Hyperkalemia
RTA
AIN
Elevated serum creatinine

[107]

Anti-fungals

    Amphotericin
    (Conventional)

RTA
Elevated serum creatinine

[110]

Anti-virals

    Acyclovir Crystalluria
Obstructive nephropathy
ATN

[111,112]

    Adefovir Elevated creatinine [113]

    Cidofovir Proteinuria
Elevated creatinine

[114]

    Foscarnet Crystalluria
Nephrogenic DI
RTA
Elevated serum creatinine

[115,116]

    Ganciclovir Elevated serum creatinine [117]

ABBREVIATIONS: AIN, acute interstitial nephritis; ATN, acute tubular nephritis; DI, diabetes insipidus; RPGN, rapidly progressive
glomerulonephritis; RTA, renal tubular acidosis.
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