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� ABSTRACT

Renal dysfunction is a common occurrence in
human immunodeficiency virus (HIV) infected indi-
viduals. It is frequently caused by the administra-
tion of drugs with nephrotoxic potential. The addi-
tion of protease inhibitors to the anti-retroviral
regimen of HIV-infected patients was a significant
advance, reducing morbidity and mortality in that
population. Indinavir is one of the most widely used
protease inhibitors and while it is generally well tol-
erated and safe, its use has been associated with
a spectrum of crystal-induced renal conditions,
including asymptomatic crystalluria, nephrolithiasis
and crystal-induced acute renal failure and less fre-
quently with the insidious tubulointerstitial lesion
indinavir nephropathy.

The authors report a case of an HIV-infected 45-
year-old female treated with indinavir for two years
with slowly rising serum creatinine levels, microscop-
ic haematuria and low-grade proteinuria. Renal biop-
sy revealed low degree interstitial fibrosis and tubu-
lar dilation with needle-shaped crystals within their
lumina and associated giant cell formation. After the
switch from indinavir to nelfinavir the estimated
glomerular filtration rate rose from 17 to 40
ml/min/1.73m2 over several months. 

The authors discuss the risk factors involved as
well as the pathogenesis and potential preventive
measures of this apparently reversible cause of pro-
gressive renal deterioration in the HIV-infected pop-
ulation. 

Key-Words:
Chronic kidney disease; human immunodeficiency
virus; indinavir; tubulointerstitial nephropathy.

� INTRODUCTION

The development of antiretroviral drug regimens
containing protease inhibitors has been a substan-
tial advance in the treatment of HIV infection1,2. Indi-
navir is one of the most widely prescribed protease
inhibitors and has been since its introduction into
clinical practice a well known cause of nephrolithi-
asis and crystal-induced acute renal failure3-6. More
recently, the drug was also associated with the devel-
opment of a slowly progressive tubulointerstitial
lesion called indinavir nephropathy7. We report a case
of an HIV-infected patient who developed a progres-
sive rise in serum creatinine levels after two years
of indinavir therapy. Renal biopsy revealed a tubu-
lointerstitial lesion compatible with indinavir
nephropathy. We discuss possible risk factors
involved, pathogenesis and preventive measures.

� CLINICAL REPORT 

A 45-year-old black female was referred to our renal
clinic due to a rising serum creatinine over the previ-
ous few months. The past medical history was unre-
markable until five years ago, when she was found
to be seropositive for HIV-2. She was then placed on
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an anti-retroviral regimen consisting of Zidovudine
(AZT) and Lamivudine (3TC) with poor virological con-
trol in the following years. Indinavir and ritonavir were
added to this regimen two years prior to our evalua-
tion and serum creatinine was 1.1 mg/dl at the time.
Under quadruple therapy the viral load became unde-
tectable, the CD4 count remained stable around
200/μL, and there were no opportunistic infections.
Seven months previously, the serum creatinine had
been elevated (1.9 mg/dl) and when the patient was
seen for the first time in our clinic her serum creati-
nine was 2.7 mg/dl with a estimated glomerular fil-
tration rate of 17 ml/min/1.73m2. During that period
there was no history of opportunistic infections, non-
steroidal anti-inflammatory drug use, arterial hyper-
tension, diabetes mellitus, rash, arthralgias or symp-
tomatic nephrolithiasis. Medications included
Zidovudine (AZT) 250 mg twice daily; Lamivudine (3TC)
150 mg daily; Indinavir 800 mg every 12 hours; Riton-
avir 100 mg every 12 hours; Co-trimoxazole 960 mg
daily and Lorazepan 1mg at bedtime.

Physical examination showed an undernourished
patient with a body mass index (BMI) of 17.3. Blood
pressure was 120/70 mmHg with a pulse of 83
beats/min. Examination of the head, neck, chest,
abdomen and extremities was unremarkable. 

The patient presented a normochromic and nor-
mocytic anaemia with a haemoglobin value of 10. 2
mg/dl.  The serum urea and creatinine values were
78 mg/dl and 2.7 mg/dl respectively. Urinary dipstick
analysis was positive for protein and microscopy
revealed over 20 red blood cells per high power field
without crystals. A 24-hour urine collection revealed
450 mg of protein. 

Serum protein electrophoresis showed a polyclon-
al hypergammaglobulinemia without monoclonal
spikes. The anti-nuclear antibody assay was nega-
tive as were the anti-DNA, ANCA and rheumatoid fac-
tor assays. The patient was negative for the hepa-
titis B virus surface antigen (HBsAg) and there were
no antibodies against the hepatitis C virus. The HIV
viral load was undetectable and the CD4 count was
200/μL.

Ultrasound examination of the kidneys showed a
right kidney of 8 cm and a left kidney of 7.7cm. The
cortices were slightly echogenic and there was no
evidence of nephrolithiasis or hydronephrosis.  

A percutaneous renal biopsy was performed to
establish a definitive diagnosis.

� Biopsy findings

The biopsy contained mainly renal medulla. The 8
glomeruli seen showed no morphological abnormal-
ities. Some of the tubules were dilated and contained
elongated needle-shaped crystals in their lumina which
were surrounded by multinucleated giant cells. There
were a small degree of interstitial fibrosis and tubu-
lar atrophy. Congo red staining was negative.

Immunofluorescence revealed a low degree dep-
osition of C3 and IgM in the mesangium and was
negative for IgG, IgA, C1, C4 and fibrinogen.

� Clinical course

A diagnosis of indinavir nephropathy was made
and the offending drug replaced by nelfinavir. At a
follow-up visit 5 months after the renal biopsy, the
serum creatinine was 1.4 mg/dl, the physical exam-
ination remained negative and the creatinine clear-
ance rose to 40 ml/min/1.73 m2.

� DISCUSSION 

Since the inclusion of indinavir in the armamen-
tarium of anti-retroviral drugs, its association with
the frequent occurrence of renal calculi has been well
appreciated. The initial product monograph report-
ed an incidence of urinary calculi of approximately
4%3,4.  However, subsequent research demonstrat-
ed that incidence of nephrolithiasis was much high-
er, rising to 43.2% in some studies8. The basic fac-
tor in the pathogenesis of indinavir nephrolithiasis
is the reduced solubility of indinavir at urine pH >
5.59. Indinavir crystallises as very large needle-shaped
crystals which form large plates or radiating aggre-
gates. Such crystals easily obstruct the renal
tubules and form urinary calculi9.  

Indinavir therapy was also associated with the occur-
rence of reversible acute renal failure related to crys-
tal formation and interstitial nephritis; the renal fail-
ure usually reversible after indinavir withdrawal10-12.
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In contrast to urinary calculi and acute renal fail-
ure, a form of slowly progressive renal failure relat-
ed to long-term treatment with indinavir was
described for the first time in 1997 by Tashima et al
7. The renal biopsy specimen revealed interstitial
fibrosis and tubular atrophy and the collecting ducts
contained crystals surrounded by giant cells. In that
case report, discontinuing the offending drug result-
ed in a decrease of the serum creatinine levels7.

Since that first report, there have been several
additional reports of patients with a slowly progres-
sive increase in serum creatinine levels while on long-
term therapy with indinavir13-18 and the condition has
been named indinavir nephropathy.  

From these reports a clinical and pathological pat-
tern becomes evident. Patients with indinavir
nephropathy develop a slow, progressive and usu-
ally asymptomatic rise in serum creatinine which may
or may not be associated with new-onset arterial
hypertension. The urinalysis shows microhaematuria,
low-grade proteinuria and sometimes pyuria and
eosinophiluria. Hystopathological analysis reveals pre-
dominantly tubulointerstitial changes with fibrosis,
tubular atrophy and crystals within the tubules some-
times surrounded by histiocytes and giant cells.
Glomeruli are usually normal.

The indinavir nephropathy incidence in HIV-
patients is probably higher than previously assumed
and has been reported to be as high as 18% in some
studies19, 20.

One important point regarding indinavir nephropa-
thy is the degree of reversibility of the condition after
discontinuation of the offending drug. Most reports
show that the rise in serum creatinine returns to base-
line on discontinuation of indinavir, suggesting that
the tubulointerstitial injury it causes is, in most cas-
es, reversible. However that is not always the case,
and although the discontinuation of indinavir does
improve renal function in the vast majority of cas-
es, in the presence of significant renal atrophy ascer-
tained by renal ultrasound the serum creatinine lev-
els do not usually return to baseline values21,22. In
the present case, kidney function improved substan-
tially at a fairly advanced stage of kidney failure
despite the structural changes observed by ultrasound
sonography. However, the patient had a very low BMI
and the degree of renal atrophy ascertained by sonog-
raphy was likely overestimated.  

It remains unknown whether this pattern of injury
is related to tubular obstruction with crystals or a
cell-mediated immune process, although it is prob-
ably caused by a combination of the two18. Assum-
ing that the intratubular precipitation of crystals plays
an important role, at least in susceptible individu-
als, one might consider that the risk profile for the
development of indinavir nephropathy is similar to
the one documented for indinavir nephrolithiasis. This
means the patients at higher risk are those with high-
er circulating levels of the drug or with smaller urine
volumes18. This would include patients with chron-
ic diarrhoea23, episodes of dehydration brought on
by elevated temperatures24, co-infection with hepa-
titis B or C virus which can result in reduced hepat-
ic indinavir catabolism and increased renal excre-
tion25, patients taking cytochrome P450III inhibitors
(clarithromycin, ketoconazole)26 and use of standard
posology in patients with low body mass,27 as was
the case with our patient. Concomitant administra-
tion of drugs known to cause crystalluria such as acy-
clovir21,28 and sulfamethoxazole19,29 also increase the
risk of developing indinavir nephropathy. Sulfame-
thoxazole crystals may act as a nidus for indinavir
crystallisation18.  

Preventive measures to reduce the likelihood of
renal dysfunction with indinavir therapy include a
reduction of the dose in patients with risk factors
and an increase of the urinary volume by increasing
the fluid intake. This can be achieved by the inges-
tion of at least 150 ml of fluid when taking the drug
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Figure 1

H&E; x100. Mild to moderate interstitial fibrosis, tubular atrophy with

crystals in the lumen.
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and every hour for two hours afterwards30. Howev-
er, it has been shown that patients on indinavir sel-
dom increase their fluid intake despite instructions
to do so. In the study by Gagnon et al. urinary spe-
cific gravity remained the same before and after the
initiation of indinavir, despite repeated instructions
to increase fluid intake31.

Same data suggests that the use of pharmacoki-
netically guided dose reductions may safely main-
tain patients on an indinavir-containing regimen even
when there is established nephrotoxicity32. Howev-
er, and until further data is available, the immedi-
ate discontinuation of the drug is recommended in
patients with indinavir nephropathy.

� CONCLUSION 

Indinavir nephropathy is a clinical and patholog-
ical entity characterised by a slowly progressive rise
in serum creatinine in an asymptomatic HIV-patient
on long-term therapy with indinavir. The renal biop-
sy typically reveals tubulo-interstitial injury, often
associated with tubular crystal deposition and giant
cell formation. Clinical risk factors appear to be sim-
ilar to the ones associated with indinavir crystalluria
and nephrolithiasis and they either cause elevated
circulating levels of the drug and/or reduce urinary
volumes. This condition becomes important in the
differential diagnosis of renal dysfunction in HIV-
infected patients not only because its incidence is

probably higher than previously thought but also
because it represents a usually reversible cause of
renal deterioration in this population.
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