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Tubulointerstitial Nephritis

Mechanisms of Tubulointerstitial
Nephritis

The tubulointerstitial compartment ac-
counts for 80% of the renal mass [1]. It con-
sists of renal tubuli, the tubular basement
membrane, vascular structures, and intersti-
tial cells as well as the surrounding extracel-
lular matrix. The interstitial cells can be di-
vided mainly into renal fibroblast cells and
cells of the monocyte/macrophage system in-
cluding dendritic cells [1]. The tubulointersti-
tial compartment is involved in the course of
almost all renal diseases [2]. As a rule,
changes begin with an interstitial inflamma-
tion that is the hallmark of tubulointerstitial
nephritis (TIN). TIN can exist in an acute and
a chronic form and can affect the tubulointer-
stitial space primarily or in the setting of
primary glomerular or vascular diseases. All
forms of interstitial disease are quite common.
It has been estimated that up to 15% of all
cases of acute renal failure (ARF) are caused
by primary interstitial nephritis [3]. In addi-
tion, up to 25% of all cases of end-stage renal
disease (ESRD) are attributable to primary
chronic TIN [4]. According to the European
Dialysis and Transplant Association (EDTA)
registry, 20.2% of ESRD was caused either by
pyelonephritis, interstitial nephritis, or toxic

nephropathy. These forms are characterized
by primary TIN [5]. More recent data, how-
ever, suggest a less prominent role, with about
4.5% of cases of chronic renal failure (CRF)
in the US attributable to primary interstitial
diseases [6]. Moreover, secondary tubuloin-
terstitial injury is one of the most important
factors for the outcome of primary glomerular
and vascular diseases [7] because interstitial
nephritis is the common pathway of almost all
forms of progressive renal disease and one of
the most common lesions in nephrology [8].
Immune response in interstitial nephritis can
be antibody dependent or cell mediated but,
in contrast to glomerular diseases, cell-medi-
ated reactions predominate [9].

In TIN, T lymphocytes are the predominant
infiltrating cells with a great abundance of
CD4+ T helper cells (CD4/CD8-ratio often
> 1). These T helper cells need MHC-class II
(HLA-D) restricted presentation of responsi-
ble antigens to become activated. Antigen
presentation in the renal interstitium can be
provided efficiently by infiltrating macro-
phages and interstitial dendritic cells [10]. In
addition, data on glomerular diseases suggest
that tubular epithelial cells may serve as anti-
gen presenters as well [11]. In interstitial ne-
phritis, predominantly CD8+ T effector cells
become activated in turn and result in renal
tissue damage by 2 mechanisms: they can be
cytotoxic due to the release of perforans, or
they can lead to a delayed-type hypersensitiv-
ity reaction with the release of inflammatory
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cytokines [12]. Only occasionally, deposition
of immune complexes within the interstitium
may be found, especially in patients with un-
derlying systemic autoimmune disorders. In
rare cases of specific antitubular basement
membrane disease, linear deposition of im-
munoglobulin along the tubular basement
membrane can be detected (additionally in up
to 70% of cases with primary antiglomerular
basement membrane (anti-GBM) disease).
The target antigens for humoral immunity in
human TIN remain poorly defined [13, 14].
Only the target antigen of experimental anti-
tubular basement membrane (TBM) disease
in mice has been characterized as glycopro-
tein 3M-1 and is secreted by proximal tubular
cells [15, 16]. Apart from native renal anti-
gens, drug/hapten conjugates, microbial anti-
gens, and foreign antigens that induce cross-
reactive immunity to autoantigens (molecular

mimicry) are believed to be of importance in
TIN. Irrespective of the type of immune reac-
tion, in the course of sustained primary or
secondary interstitial inflammation and tissue
damage, activation of interstitial cells can in-
itiate processes of interstitial proliferation and
fibrogenesis that inevitably result in renal
scarring and chronic renal failure.

Figure 1 summarizes the pathogenesis and
clinical manifestations of TIN.

Acute Tubulointerstitial Nephritis
(ATIN)

ATIN is a heterogeneous disorder in etiol-
ogy, clinical presentation, laboratory findings,
and outcomes. The incidence of ATIN for
cases of clinically encountered ARF is diffi-

Acute tubulointerstitial nephritis

Chronic tubulointerstitial nephritis

Figure 1. Pathogenesis and clinical manifestations of tubulointerstitial nephritis. Modified from [Kuhlmann
U., Walb D, Luft FC: Nephrologie. 3rd ed., Thieme, Stuttgart 1998] with permission.
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cult to establish. It has been estimated that up
to 15% of all cases of ARF are caused by
primary interstitial nephritis [3, 8]. The pro-
portion of CRF attributable to ATIN is fortu-
nately much lower, in the range of 1‰. ATIN
is slightly more common among men than in
women (about 2 – 3 : 1) and can be observed
in any age. Elderly patients are more often
affected, however, probably because of the
more abundant use of drugs in this group.

Pathology

The principal morphologic changes that
characterize all forms of ATIN are interstitial
expansion caused by edema and infiltration of
inflammatory cells as well as pathological
changes in the tubules. Usually, the glomeruli
and renal vascular structures appear unaf-
fected. The nature of the cellular infiltrate
varies according to the underlying disease. In
general, the infiltrating cell population is
composed mainly of neutrophils, T and B
lymphocytes, macrophages, natural killer
(NK) cells, plasma cells, and eosinophils [9,
17 – 21] (Figure 2). The infiltrate is typically
T lymphocytes and monocytes/macrophages

[22] in interstitial nephritis associated with
glomerular disease. The interstitial infiltrates
are often diffuse, but focal patterns of injury
are also seen. Granuloma formations may be
found as well, and drugs are a common cause
of these lesions in acute settings [23 – 25].
However sarcoidosis, granulomatous vasculi-
tis, or tuberculosis should be considered in
such cases [24, 26 – 28]. In cases of Wegener
granulomatosis, glomerular and vascular
structures are almost always involved [27].
The tubular changes range from cell swelling
and vacuolization to tubular cell necrosis with
disruption of the tubular basement membrane
[20]. A marked expression of adhesion- and
HLA-class-II molecules by tubular cells can
be observed by immunohistochemistry and
may be of great importance for the disease
process [19, 29, 30]. In contrast to glomerular
diseases, deposition of immunoglobulins or
complement are of minor importance [17].

Clinical Features

In ATIN, a rapid decrease in renal function
is typical at presentation. A careful evaluation
of the history is essential in this setting be-
cause most patients will be asymptomatic or
will complain only of unspecific symptoms.
For example, the clinician should be on the
alert for a new medication, especially in the
elderly patient, or systemic illness, particu-
larly streptococcal infections in children.
While there are no pathognomonic clinical
findings in ATIN, certain systemic manifesta-
tions may point to the diagnosis if present.
The classical descriptions of patients with
methicillin-induced interstitial nephritis go
back to the early 1960s. Systemic manifesta-
tions such as

– low-grade fever (70 – 100%),
– fleeting skin rash (30 – 50%), and
– diffuse arthralgias (up to 20%)

Figure 2. Acute drug-induced tubulointerstitial ne-
phritis (ibuprofen) in a 60-year-old woman. Observe
the dense lymph/plasma cell and eosinophil (char-
acterized by their dark cytoplasm) infiltration (PAS,
magnification x 400).
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together with signs of ARF make ATIN a
probable diagnosis [31].

However, the entire constellation has been
reported in the minority of ATIN cases (4 out
of 27 in one study) [32]. In most cases only
nonspecific constitutional symptoms such as
fever, fatigue, or nausea are present. In addi-
tion, some patients may complain of lumbar
pain due to distension of the renal capsule
from diffuse swelling of the kidney. In con-
trast to glomerular diseases, oliguria, edema,
and hypertension are less common in ATIN.
As a consequence of an impaired tubular re-
absorptive capacity, polyuria and nocturia
may develop. Long-term consumption of non-
steroidal anti-inflammatory drugs (NSAIDs)
may lead to a type of ATIN, accompanied by
glomerular proteinuria sometimes severe
enough to cause full-blown nephrotic syn-
drome. ATIN histologically characterized by
granuloma formation within the interstitium
can clinically appear months after drug inges-
tion. Typically, classic allergic symptoms are
lacking. Therefore, diagnosis is often delayed
in these cases, and progression to renal failure
often occurs.

Laboratory Findings

The first clinical presentation of ATIN is
variable, and specific findings that point to
diagnosis are often lacking. Several findings
on blood and especially urine analysis may
point of ATIN (Table 1). Elevated plasma
creatinine and blood urea nitrogen (BUN)
values should be investigated to discover the
cause of impaired renal function. Especially
in drug-related ATIN, further blood tests may
reveal transient eosinophilia and elevated
plasma IgE levels, but these findings occur
only in about 30% of cases [33 – 35]. In
addition, nonspecific elevations of C-reactive
protein (CRP) levels and an accelerated eryth-
rocyte sedimentation rate (ESR) may be pre-
sent. In > 75% of cases, mild to moderate
proteinuria and hematuria can be found [36,
37]. Proteinuria is tubular in the majority of
cases. Nephrotic-range proteinuria is not usu-
ally found. However, NSAID-induced inter-
stitial nephritis is often characterized by seri-
ous renal injury including the glomeruli
(minimal change lesions). Hence, this form of
ATIN may be accompanied by nephrotic syn-

Table 1. Laboratory Features of ATIN

Blood Eosinophilia
IgE-Elevation

Proteinuria < 3 g/day (exception: some cases of NSAID)
Tubular pattern (α1-microglobulin, β2-microglobulin, N-acetyl-beta-glucosaminidase)

Sediment White blood cells (free and casts)
Microhematuria (rarely gross hematuria, red casts uncommon)
Eosinophiluria

Functional Glucosuria, aminoaciduria, hyperphosphaturia
parameters Renal tubular acidosis (bicarbonate loss, impaired acid secretion)

Hyperkalemia
Salt wasting
Impaired concentration ability
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drome [38]. Gross hematuria rarely occurs in
ATIN, but careful examination of the urinary
sediment is essential. In approximately 75%
of patients, red and white blood cells (sterile
pyuria) will be found [37]. Occasionally,
white and red blood cell casts may be ob-
served, but the latter strongly suggest a
glomerular lesion. Eosinophiluria is sugges-
tive of allergic interstitial nephritis. Eosino-
phils in the urine can be detected by either
Wright’s stain or Hansel’s stain, the latter
being approximately 5 times more sensitive
[39, 40]. However, eosinophiluria can be ob-
served in many other cases such as rapid pro-
gressive glomerulonephritis (GN), urinary
tract infections (UTI), prostatitis, and athero-
embolic disease, as well as in episodes of renal
allograft rejection. Therefore, it may help to
distinguish ATIN from acute tubular necrosis
(ATN), but the positive predictive value of this
parameter is < 40% according to recent stud-
ies [41].

As a consequence of tubular injury and
interstitial inflammation, various tubular dys-
functions may be observed in the course of
ATIN. Lesions affecting the proximal tubule
may result in glucosuria, aminoaciduria, uri-
cosuria, and hyperphosphaturia. A proximal
loss of bicarbonate along with an impaired
acid secretion within the distal segments can
result in renal tubular acidosis. Hyperkalemia
and renal salt wasting together with a reduc-
tion of renal concentration ability may point
to a dysfunction of the distal tubule or collect-
ing duct. In a report of 9 patients with biopsy-
proven ATIN, isosthenuria was present in all
patients with a mean urinary osmolality < 350
mOsm/L and a urine/plasma osmolality ratio
of 0.9. Urinary sodium was > 40 mEq/L in 8
out of the 9 patients studied [42]. However,
signs of tubule dysfunction such as Fanconi
syndrome and renal tubular acidosis are rarely
observed in the course of ATIN and are more

common in patients with chronic tubulointer-
stitial disease.

Diagnosis

Tubulointerstitial nephritis is a pathological
phenomenon and not a clinical syndrome.
Many features in clinical presentation and in
laboratory analysis may suggest ATIN but
only renal biopsy can establish the diagnosis
with certainty in this setting. Therefore, renal
biopsy should always be considered in any
patients with ARF of unknown origin.

Ultrasonography is useful in the detection
of ATIN. Because of the increased interstitial
volume, the kidneys may appear swollen and
the cortical echogenicity may be increased.
Additionally, renal scanning with gallium-67
has also been reported to detect ATIN in some
patients [35, 43]. This method is very sensi-
tive; however, the specificity is relatively low.
Therefore, this method is not reliable in iden-
tifying noninfectious interstitial nephritis
[44].

Etiology

The etiological factors that can lead to acute
interstitial nephritis may be divided into 3
categories (Table 2). Drugs are the most im-

Table 2. Etiological Factors of ATIN

Drugs

Infections

Idiopathic
Associated with Uveitis (TINU-Syndrome)
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portant causative agents, followed by sys-
temic infections, particularly in children. Less
common are autoimmune and systemic disor-
ders or idiopathic origin [22].

Drugs

With the introduction of sulfonamides in
the 1940s, an association of nephritis with
these substances was recognized. Classical
reports of drug-induced ATIN are those with
maculopapular rash, fever, and eosinophilia
after the ingestion of methicillin [45 – 47].

Hence, most studies were performed on β-lac-
tam antibiotics in the past. Currently, qui-
nolones and proton pump inhibitors are the
leading causative agents, followed by 5-ami-
nosalicylate and NSAIDs. As drug-related
ATIN seems to be due to a hypersensitivity
reaction, it can be induced by virtually any
drug. However, certain drugs are more prone
to induce ATIN (Table 3).

Drug-induced ATIN may occur in a variety
of forms (Figure 3). Depending on the drug
involved and the individual response, the
clinical symptoms can range from full-blown
hypersensitivity (fever, rash, eosinophilia,
and oliguric renal failure) to asymptomatic
courses with only laboratory findings. Alto-
gether, drug-induced ATIN should always be
considered in patients with an abrupt deterio-
ration of renal function and signs of tubular
dysfunction.

Table 3. Drugs Causing ATIN

Antibiotics Diuretics
Penicillins and Thiazides

derivatives Triamterene
Cephalosporins Hydrochlorothiazide/
Azithromycin Amiloride
Chloramphenicol Furosemide
Ciprofloxacin Indapamide
Erythromycin Chlorthalidone
Ethambutol
Minocycline Miscellaneous
Nitrofurantoin Allopurinol
Polymyxin B Azathioprine
Rifampicin Captopril
Rolitetracycline Carbamazepine
Spiramycine Clofibrate
Sulfonamides Interferon α
Tetracyclines Interleukin-2
Trimethoprim- Paracetamol

sulfamethoxazole Phenindione
Vancomycin Phenobarbital
Acyclovir Phenytoin
Foscarnet Propylthiouracil
Griseofulvin Streptokinase

Sulfinpyrazone
Nonsteroidal anti- Ticlopidine
inflammatory drugs Triazolam

Warfarin
Anti-ulcer-medications Anti-CD4 antibody

Omeprazole Hairy vetch poisoning
Ranitidine
Cimetidine

Table 4. Infections Causing ATIN

Bacteria Viruses
Brucella species Epstein-Barr virus
Campylobacter Cytomegalovirus
Corynebacterium Hanta virus
diphtheriae Hepatitis B virus

Escherichia coli Herpes simplex virus
Legionella HIV
pneumophila Rubeola

Pseudomonas Polyomavirus
aeruginosa

Salmonella
Serratia marcescens
Streptococcus
Staphylococcus
Yersinia

Others
Histoplasmosis Mycoplasma hominis
Leptospira Rickettsia rickettsii
Leishmania donovani Schistosoma mekongi
Mycobacterium Toxoplasma gondii
tuberculosis
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Infections

Infection-mediated ATIN (Table 4) is usu-
ally caused by an ascending infection with
Enterobacteriacae (most commonly E. coli)
and Streptococcus faecalis. In hospitalized
patients, UTIs with other organisms such as
Serratia marcescens or Pseudomonas aerugi-
nosa are more common due to exposure to
these bacteria and concurrent antibiotic treat-
ment. Tubulointerstitial infections are de-
pendent on the presence of urinary reflux and
on bacterial virulence factors. Because of its
high prevalence, the most extensively studied
pathogen is E. coli [48]. One virulence factor
that seems to be very important is the presence
of fimbriae that enable the bacterium to ad-
here to epithelial cells [49]. P-fimbriae play
an important role in first attacks of
pyelonephritis due to their capability to medi-
ate adhesion to human P blood group recep-
tors [49]. Thus, although only 10 – 15% of all
E. coli strains that cause UTI are P-fimbriated,

70 – 100% of all cases of nonobstructive
pyelonephritis are caused by P-fimbriated E.
coli. Another potential virulence factor is the
presence of α-hemolysine [50]. The impor-
tance of all virulence factors seems to be
linked to their neutrophil activation ability
[48]. Polymorphonuclear neutrophils (PMN)
may directly activate fibroblasts and thus
cause interstitial fibrosis. However, experi-
mental data to support this hypothesis are still
lacking. Nevertheless, direct interaction of
PMNs and fibroblasts has recently been dem-
onstrated [51]. The role of lymphocytes and
cytokines in acute and chronic phases of in-
fection is not as well defined as in other forms
of TIN. Nevertheless, it is known that even in
infectious TIN T lymphocytes accumulate
within a few days [52]. CD4+ from lesions in
experimental pyelonephritis displayed MHC-
restricted proliferative responses to a variety
of E. coli and related strains, but not to other
gram-negative bacteria [52]. Thus, it seems
possible that many forms of chronic infec-

Figure 3. Drug-induced nephropathy. Modified from [Kuhlmann U., Walb D, Luft FC: Nephrologie. 3rd ed.,
Thieme, Stuttgart 1998] with permission

(dose-dependent)
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tious TIN are mediated by the same immune
mechanisms as noninfectious forms. Cytoki-
nes that play a role in infectious TIN include
interleukins IL-1 and IL-6, granulocyte-col-
ony stimulating factor (G-CSF), granulocyte-
monocyte-colony stimulating factor (GM-
CSF), and tumor necrosis factor (TNF)-α ac-
cording to a study by Rugo et al. [53]. The role
of obstruction itself is often underappreciated.
Obstruction, albeit often the cause of chronic
infection, can lead directly to tubulointersti-
tial injury. An increase in fibrogenic cytokines
has been demonstrated in models of ureteral
obstruction. For example, Kaneto et al. dem-
onstrated increased transforming growth
factor (TGF)-β1 mRNA expression in the tu-
bules of rats with unilateral ureteral obstruc-
tion [54]. Moreover, sterile urine reflux
caused cortical tubulointerstitial scarring in
pigs [55], a mechanism potentially initiated
by the extravasation of Tamm-Horsfall glyco-
protein at high backflow pressures [56]. An-
other form of ATIN is observed in systemic
infections in which there is no evidence of
direct parenchymal invasion by an organism.
However, the pathogenesis of this entity is
unknown.

Idiopathic ATIN

In a proportion of cases, no etiological fac-
tors can be identified. This form of ATIN
cannot be distinguished from other forms by
any specific symptoms or other characteristic
findings [57]. In most cases it is reversible.
Pathologically, mononuclear cells predomi-
nate within the interstitium. However, the re-
sulting lesions are heterogeneous and occa-
sionally, as with other clinical settings, anti-
TBM-antibodies can be found. Thus, the idi-
opathic form(s) of ATIN can only be distin-
guished from other forms by exclusion of
infections, history of drug ingestion, or im-
mune disorders.

The association of acute tubulointerstitial
nephritis and acute uveitis observed in several
patients (in adolescent girls or occasionally in
adults) has led to the identification of a spe-
cific syndrome with a very particular sympto-
matology and course, the so-called tubuloin-
terstitial nephritis/uveitis (TINU; Figure 4).
The etiology of TINU syndrome remains to
be elucidated but a recent report suggests un-
derlying infection with Chlamydia. The prog-
nosis of TINU seems to be excellent in
younger patients, with or without steroid
treatment. In adults, however, CRF ensues in
a substantial proportion [58, 59, 60].

Course and Treatment

The clinical spectrum of ATIN ranges from
mild and short to severe cases with oliguric
renal insufficiency. The primary therapeutic
step in ATIN is to identify and withdraw the
drug or offending agent, or to treat the under-
lying infection. Most patients will recover
fully from renal failure within several days. In
cases of ongoing and progressive renal insuf-
ficiency, a kidney biopsy should be performed
to exclude other diseases (e.g. myeloma kid-
ney, rapid progressive glomerulonephritis, or
atheroembolism).

Figure 4. Tubulointerstitial nephritis in a 17-year-
old girl with TINU syndrome. The interstitium shows
dense lymph/plasma cell infiltration with focal tubu-
litis. Some eosinophils are scattered in between
(PAS, magnification x 200).
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Although corticosteroids have been re-
ported to be beneficial in some patients [31,
61], controlled clinical trials are not yet avail-
able. In the absence of a prompt response after
withdrawal of a drug or offending agent, Kelly
and Neilson suggest a trial of corticosteroids
(1 mg/kg/day prednisone) in patients without
infection. Improvement in renal function
should begin within 1 – 2 weeks of initiation
of treatment, in which case the course can be
discontinued after 4 – 6 weeks [62]. If no
improvement is seen within the first 2 weeks,
an additional therapy with cyclophosphamide
(2 mg/kg/day) with appropriate monitoring of
the white blood cell count should be consid-
ered [62]. If successful, this regimen should
be continued up to one year. When no evi-
dence of improvement exists after 6 weeks,
the combined therapy should be discontinued
[62].

Most patients will have complete recovery
of renal function within one year. However,
up to one-third of patients with drug-induced
acute interstitial nephritis (and more in the
case of rifampicin) require dialysis treatment
before resolution of the disease [62].

Chronic Tubulointerstitial
Nephritis (CTIN)

Pathology

The pathological findings in patients with
chronic forms of tubulointerstitial nephritis
display characteristic changes in interstitial
architecture observed in virtually all forms of
chronic renal injury, e.g. of primary glomeru-
lar, vascular, cystic, or interstitial origin [7,
21]. Interstitial fibrosis along with tubular
atrophy are the hallmarks of chronic intersti-
tial disease. As an expression of ongoing in-
flammation, mononuclear cell infiltrates

(mainly lymphocytes) in the interstitium and
within the tubular epithelium (tubulitis with
resulting cellular casts) can be seen (Figure 5).
Although in CTIN the glomeruli mainly re-
main unaffected by the primary lesion, signs
of secondary glomerular injury may be found
as the disease progresses towards ESRD [10,
19, 63 – 65].

Clinical Features

Usually, CTIN does not cause any specific
clinical symptoms unless a primary systemic
disease is present. Hence, some cases are di-
agnosed because of findings in screening tests
(abnormal urinalysis or elevations in plasma
creatinine and BUN). However, many patients
unfortunately present with nonspecific symp-
toms of chronic renal failure late in the course
of the disease [66].

Laboratory Findings

When patients with CTIN present late, they
have marked impairment of renal function and
typical laboratory findings of chronic renal
failure. Earlier cases of CTIN may present

Figure 5. Secondary tubulointerstitial nephritis in
Sjögren’s syndrome, 68-year-old woman. Focally
dense lymph/plasma cell infiltration (PAS, magnifi-
cation x 400).
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with nonnephrotic-range proteinuria of a pre-
dominant tubular protein pattern and micro-
scopic hematuria as well as pyuria. Surpris-
ingly, positive urine cultures can be found in
as many as 28% of patients [66]. As with acute
TIN, glucosuria, renal tubular acidosis (RTA),
and concentration defects reflect the degree of
tubular dysfunction. Anemia develops rela-
tively early (compared to glomerular dis-
eases), and systemic hypertension occurs in
about 50% of cases.

Diagnosis

Renal biopsy is the only means for definite
diagnosis in all forms of TIN, whether acute
or chronic. Neither clinical features nor labo-
ratory findings are specific. In CTIN associ-
ated with a primary disease, diagnosis may be
suggestive in many cases but biopsy is still of
great value, especially for informed judge-
ment on individual prognosis and required
therapeutic decisions. Nevertheless, a thor-
ough investigation of the patient’s history will
provide the only reasonable basis for diagno-
sis in many patients with established late-
stage renal failure.

Etiologic Factors

CTIN can occur in association with a vari-
ety of underlying primary diseases of diverse
etiology. Table 5 gives a concise overview of
common and rare causes of CTIN, which are
discussed in more detail in other chapters.

Endemic Nephropathy

Endemic nephropathy, so-called Balkan ne-
phritis, is a form of CTIN that is endemic in
areas of the Balkan states. Usually, the disease
occurs in middle-aged adults and progresses
slowly towards ESRD. No diagnostic tests are

Table 5. Causes of Chronic Tubulointerstitial
Nephritis

Hereditary Diseases
Autosomal dominant polycystic kidney disease
Medullary cystic disease / Juvenile nephro-
nophthisis

Metabolic Disorders
Hypercalcemia (nephrocalcinosis), Hypokalemia
Hyperuricemia
Hyperoxaluria / Cystinosis / Methylmalonic
acidemia

Drugs and Toxins
Analgesics
Lithium
Cyclosporine
Cisplatin
Nitrosoureas
Chinese herbs
Cadmium / Lead
Germanium lactate citrate

Immune Mediated
Renal allograft rejection
Systemic lupus erythematosus
Wegener granulomatosis / Microscopic poly-
angiitis
Vasculitis (other)
Sjögren syndrome
Sarcoidosis

Hematologic Disorders
Multiple myeloma
Light chain deposition disease
Paroxysmal nocturnal hemoglobinuria
Lymphoma
Sickle cell disease

Obstructive Disorders
Tumors
Stones
Outlet obstruction
Vesicoureteral reflux

Infections
Direct infection
Malacoplakia
Xanthogranulomatous pyelonephritis

Miscellaneous
Endemic nephropathy
Radiation nephritis
Progressive glomerular disease
Primary biliary cirrhosis
Aging
Hypertension
Ischemia
Extracorporal shock wave lithotripsy
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available, and its cause remains unknown (en-
vironmental agents, infections, and genetic
factors are proposed). A higher incidence of
uroepithelial tumors is suggested in these pa-
tients. As with other forms of TIN, elevated
excretion of tubular proteins (especially β2-
microglobulin) as well as additional signs of
tubular dysfunction can be observed early in
asymptomatic patients [67]. At this time there
is no specific treatment regimen that can alter
the rate of progression towards renal failure.
Thus, elimination of known progression fac-
tors is essential.

Sarcoidosis (M. Boeck)

Most commonly, aberrations of calcium
metabolism, including hypercalcemia, hyper-
calciuria, nephrocalcinosis, and nephrolithi-
asis, are responsible for the renal manifesta-
tions of sarcoidosis (Table 6). Recent studies
suggest that the calcium abnormalities are
associated with high blood concentrations of
calcitriol and that calcitriol may be synthe-
sized by mononuclear macrophages in the
granulomas [68]. Up to one-third of patients
with sarcoidosis are reported to have granu-
lomas within the renal interstitium, which
may also produce severe derangements of re-
nal function. GN can occur with sarcoidosis,
although the pathogenesis remains unclear
[69 – 72].

Clinically apparent kidney dysfunction is
rare unless hypercalcemia and hypercalciuria
are present (about 10 – 15% of all patients).
Mild to moderate albuminuria, microscopic
hematuria, and sterile pyuria predominate. A
protein excretion of > 3 g/24hours may indi-
cate a concomitant glomerular lesion. Hyper-
tension is usually absent and renal size is well
preserved. Urinary concentration defects (in-
cluding nephrogenic diabetes insipidus), re-
nal tubular acidosis, and inappropriate gluco-
suria may also be seen [73]. In patients with
sarcoidosis-associated granulomatous TIN,
renal disease is usually accompanied by other
organ involvement. No factors are known to
identify patients at high risk, but men are
reported to be more prone to develop this
entity. The findings in renal biopsy are distinct
from other forms of TIN. Interstitial inflam-
mation with noncaseating granulomas and
epithelioid and multinucleated giant cells is
the usual histologic picture (Figures 6a and
6b). There is no positivity for complement or
immunoglobulins. Rarely, nonspecific glo-
merular or vasculitic changes can be ob-
served. Pathologically, other granulomatous
inflammatory processes like silicosis, tuber-
culosis, histoplasmosis, and Wegener granu-
lomatosis or scattered infiltration by lym-
phoma cells (with reactive granuloma forma-
tion) may have to be distinguished in single
cases. Interestingly, in a series of 6 patients
with sarcoidosis and clinically significant re-
nal insufficiency, 4 patients differed from the
typical patient with sarcoidosis in that they
lacked the usual clinical constellation of skin,
eye, and pulmonary involvement [71].

The diagnosis is supported by clinical find-
ings of sarcoidosis involvement of other or-
gans and should be suspected on the basis of
elevated or paradoxically normal serum cal-
cium concentrations, due to increased plasma
concentrations of calcitriol, while immunore-
active circulating parathormone concentra-

Table 6. Renal Manifestation of Sarcoidosis

1. Disturbance of calcium metabolism
– Hypercalcemia and hypercalciuria
– Nephrolithiasis
– Nephrocalcinosis

2. Granulomatous tubulointerstitial nephritis

3. Different pattern of glomerular disease
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tions are depressed. An elevated 24-hour urine
calcium concentration is consistent with the
diagnosis but is not specific. Additionally,
angiotensin-converting enzyme (ACE) activ-
ity is elevated in the serum in approximately
two-thirds of patients with sarcoidosis. How-
ever, false-positive and false-negative results
are common. Calcitriol as well as ACE could
represent unregulated secretion products from
granulomatous tissue, and their plasma con-
centrations may roughly reflect activity of the
disease.

Response to corticosteroid therapy is often
excellent, but in rare cases, the administration
of cyclophosphamide may be of value when
corticosteroids do not prove efficacious. Still,

progressive interstitial fibrosis may result and
these patients, a small subgroup of cases with
nonresponding disease, may eventually de-
velop CRF [62, 69, 71, 74].

Analgesic Nephropathy

Analgesic nephropathy (AN) is a slowly
progressive chronic renal disease charac-
terized by renal papillary necrosis or calcifi-
cations and interstitial nephritis caused by
excessive consumption of analgesic mixtures
[75].

Since the discovery of an association be-
tween phenacetin use and the development of
chronic interstitial nephritis, it has been rec-
ognized that drug-related renal disease is in
large part a preventable disease. Discontinu-
ation of heavy analgesic use may slow or stop
progression of renal disease [76]. However,
replacement of phenacetin with its major me-
tabolite acetaminophen has not always been
followed by a reduction in the incidence of
analgesic nephropathy, suggesting that other
drugs may play a role in this disease [77].
Several-case controlled studies and 2 prospec-
tive studies demonstrated the association be-
tween analgesic abuse and nephropathy [75].
However, the nephrotoxicity of the different
analgesic products has not been clearly estab-
lished [78]. The prevalence of analgesic neph-
ropathy is related to the persistent daily con-
sumption of widely available over-the-
counter (OTC) mixtures containing 2 analge-
sic components plus caffeine and/or codeine
[79]. This relationship could not be observed
for analgesics containing only one analgesic
component plus caffeine and/or codeine, al-
though experimental data suggest nephro-
toxicity of single analgesics [77, 78, 80]. The
prevalence of analgesic nephropathy in pa-
tients with terminal kidney disease receiving
dialysis varies widely between countries in
Europe and outside Europe. In the early 1990s

Figure 6a. Granulomatous interstitial nephritis in
a 68-year-old man. Groups of histiocytes with one
or more nuclei (PAS, magnification x 400).

Figure 6b. Giant cell in the same patient (PAS,
magnification x 400).
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the incidence was 0.8% in the US, 2% in
Europe, and 9% in Australia [79]. In Scotland,
Switzerland, Belgium, and Australia, it is a
relatively common cause for chronic renal
failure accounting for 10 – 20% of patients
with ESRD. Recent analysis shows a chang-
ing pattern of prevalence and age distribution
of analgesic nephropathy as a cause of ESRD.
The EDTA registry reveals a declining inci-
dence of analgesic nephropathy in the last
decade in the age group under 64 years, while
the incidence in the older age group remained
high [81]. The same trends are observed in
Australia [82]. These data indicate a real re-
duction in the incidence of analgesic neph-
ropathy.

– Pathology: The pathologic abnormalities
in analgesic nephropathy are nonspeci-
fic. The development from the earliest
detectable lesions to end stage with bila-
teral shrinkage of the kidneys can be
subdivided into the following 3 steps.
The earliest detectable morphological le-
sion in patients with analgesic nephropa-
thy is capillary sclerosis, which is found
to be especially pronounced in the ves-
sels of the renal pelvis and ureteral mu-
cosa. The most pronounced capillary al-
terations are found in the proximal ureter.
As a further morphological alteration,
renal papillary necrosis follows. This le-
sion represents damage to the inner renal
medulla that may be based on capillary
sclerosis. Perhaps as a consequence of
papillary necrosis, TIN may develop.
Light microscopic investigations show a
fibrotic interstitium with tubular atrophy
and sporadic mononuclear cell infiltrati-
on. Sometimes concomitant focal glome-
rular sclerosis and interstitial calcificati-
ons can be found. At the time of clinical
presentation, the kidneys are typically
small [83 – 85].

– Pathophysiology: Experimental data
show that the combination of acetylsa-
licylic acid with phenacetin or paraceta-
mol induces severe medullary lesions
more frequently than does either of these
agents alone [77]. These results are in
accordance with clinical and epidemiolo-
gical observations in patients with anal-
gesic nephropathy. The pathogenesis of
analgesic nephropathy is related to the
ability of the kidney to concentrate drugs
in the papillae. For example, after inge-
stion of phenacetin and aspirin, phenace-
tin is converted in the gut and liver to
acetaminophen by first-pass metabolism.
Acetaminophen is normally metabolized
in the liver and kidney by cytochrome
P450 enzymes. After ingestion of large
quantities, acetaminophen becomes con-
centrated in the papillae of the kidney
during physiologic antidiuresis and un-
dergoes oxidative metabolism by
prostaglandin H synthase to biologically
reactive intermediates. These are normal-
ly intercepted by reduced glutathione,
which is present in excess within the
renal cells. If acetaminophen is ingested
alone, sufficient glutathione is generated
in the papillae to detoxify the reactive
intermediates [86, 87]. However, if ace-
taminophen is ingested with aspirin, the
aspirin is converted to salicylate, which
becomes highly concentrated in the cor-
tex and papillae of the kidney. Salicylate
is a potent depletor of glutathione. The
mechanism is not completely under-
stood. However, the inhibition of
NADPH production via the pentose
shunt is a possible explanation. With the
cellular glutathione depletion, the biolo-
gically reactive intermediates of ace-
taminophen then produce peroxides and
arylation of tissue proteins, resulting in
cellular dysfunction and necrosis of the
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papillae [88, 89]. In addition, the inhibi-
tion of prostaglandin synthesis can exa-
cerbate medullary damage from ische-
mia [90]. No evidence exists for the de-
velopment of analgesic nephropathy
with acetaminophen alone. Experimental
data suggest that aspirin seems to be the
most nephrotoxic of the commonly
available analgesics and that combinati-
on therapy with aspirin is required for
medullary damage in rats [91, 92].

– Clinical Features: The clinical course of
analgesic nephropathy is frequently
asymptomatic for years until the late sta-
ges of renal insufficiency. The earliest
renal manifestation is caused by impaired
tubular function. As a result of decreased
urine concentrating ability, patients deve-
lop increased urinary frequency or urgen-
cy and nocturia. Additionally, an acqui-
red form of RTA may contribute to the
development of nephrocalcinosis. More
than half of patients have pyuria, which,
if persistently associated with sterile uri-
ne, provides an important clue to the dia-
gnosis. Additionally, slight proteinuria
may be present, whereas a protein excre-
tion of more than 3g/24 hour may indica-
te a concomitant glomerular lesion.
Macroscopic and microscopic hematuria
may appear in the course of sloughing
and elimination of fresh renal papillary
necrosis, as a result of UTI, or, especially
in the later stage, as a sign of uroepithelial
carcinoma, which occurs with increased
frequency in these patients. It is not
known which analgesics predispose to
carcinogenesis, seen after an average la-
tency period of > 20 years [93, 94]. The-
refore, even after termination of analge-
sic abuse, regular urine cytology and eva-
luation of the urinary tract should be un-
dertaken for hematuria in these patients.
Arterial hypertension is present in about

50% of patients with analgesic nephropa-
thy. The hypertension seems to be renin
dependent, because it may be exacerba-
ted by volume depletion [95]. Additio-
nally, acute papillary necrosis can evoke
hypertensive crisis. Occasionally, shed-
ding of papillary necroses into the effe-
rent urinary tract may be associated with
hematuria and even renal colic owing to
obstruction of a ureter by necrotic tissue.
Bacterial UTIs occur frequently and are
late complications. With decreasing glo-
merular filtration rate (GFR), all metabo-
lic signs of renal insufficiency may be
present [95, 96].

Besides the renal manifestations, a broad
spectrum of extrarenal complications of
chronic analgesic abuse can occur and
often precedes the signs of analgesic ne-
phropathy (Table 7). Women are affected
5 – 7 times more than men [95, 96].

– Diagnosis: Because there is no gold
standard in the diagnosis of analgesic
nephropathy, clues suggestive of the di-
sease include a history of regular analge-
sic consumption, symptoms of an analge-
sic abuse syndrome, especially anemia,
out of proportion to the degree of azote-
mia, renal colic without signs of nephro-
lithiasis, papillary necrosis, and sterile
pyuria.

CT scan without contrast medium is re-
commended to diagnose analgesic ne-
phropathy in all patients with ESRD as
well as those with mild and moderate
renal insufficiency. The demonstration of
bilateral decreased renal mass combined
with either bumpy contours or papillary
calcifications was found to have a high
diagnostic value [97, 98].

– Therapy: There is no specific treatment
for analgesic nephropathy. The primary
goals of treatment are to prevent further
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renal damage. All suspect analgesics,
particularly OTC medications, must be
stopped to slow or stop progression of
renal disease [76, 99].

The early treatment of complications,
such as arterial hypertension, volume and
sodium depletion, acute UTI, and urinary
tract obstruction caused by renal papilla-

ry necrosis is important. Signs of kidney
failure should be treated as appropriate
for the extent and severity of the renal
failure. Counseling, behavioral modifi-
cation, or other interventions may assist
in developing alternative methods for
chronic pain control.

Patients undergoing renal transplantation
as a result of analgesic nephropathy are
at high risk of developing transitional cell
carcinoma of the upper urinary tract.
These tumors tend to be of high grade and
stage, and affected patients have a poor
outcome. Screening by urine analysis
and voided urine cytology does not ap-
pear to be reliable for the early diagnosis
of upper renal tract transitional cell
carcinoma in the renal transplant patient.
Therefore, annual cystoscopy and retro-
grade ureteric catheterization with wa-
shings, brushings, and radiological ima-
ging should be performed to diagnose
upper tract transitional cell carcinoma at
an early stage. These patients should also
be screened before transplantation using
the same technique [100]. Considering
the high mortality from urothelial
carcinoma despite regular tumor scree-
ning in patients with analgesic nephropa-
thy after renal transplantation, other inve-
stigators suggest that a bilateral nephrou-
reterectomy should be performed pro-
phylactically in patients with proven an-
algesic nephropathy [101].

Multiple Myeloma

Multiple myeloma is a malignant prolifera-
tion of plasma cells characterized by exces-
sive production of monoclonal immuno-
globulins (IgG ≈ 53%, IgA ≈ 25%, or IgD ≈
1%) or light chains (Bence-Jones proteins)
(≈ 20%). Renal dysfunction occurs in > 50%

Table 7. Analgesic Abuse Syndrome

1. Nephropathy
a) pathological findings
– capillary sclerosis
– papillary necrosis
– tubulointerstitial nephritis
b) clinical features
– slowly progressive renal insufficiency
– impaired tubular function
– defect in urinary concentration

– renal tubular acidosis
– renal sodium loss
– slight tubular proteinuria

– hematuria
– arterial hypertension
– urethral obstruction
– urinary tract infection

2. Uroepithelial carcinoma

3. Gastrointestinal complications
– peptic ulcers and erosive gastritis
– chronic pancreatitis

4. Hematological complications
– anemia, out of the proportion to the degree

of azotemia
– mild hemolysis
– methemoglobinemia (phenacetin)
– agranulocytosis (pyrazolone derivates)
– chronic hemorrhagic anemia (acetylsalicylic

acids)

5. Skeletal complications, arthralgias

6. Typical skin color

7. Psychosomatic aspects
– headache or chronic pain states
– vegetative symptoms
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of patients and can precede the nonrenal mani-
festations. The clinical presentation is charac-
terized by renal failure, which is a major cause
of death. The kidneys of patients with multi-
ple myeloma can be damaged by multiple
mechanisms (Table 8) [102].

The myeloma kidney or cast nephropathy is
the most common lesion resulting from light
chain toxicity. It is characterized by large pro-
teinaceous intratubular casts surrounded by
multinucleated giant cells, probably of mono-
cyte-macrophage origin [103]. The casts typi-
cally consist of Tamm-Horsfall protein and
light chains [104]. As a consequence of cast
formation, intratubular obstruction may de-
velop. The tubules are extensively damaged
and show tubular atrophy and fibrosis [105].
Additionally, plasma cell and mononuclear
cell infiltration of the kidney, nephrocalci-
nosis, and amyloid deposits in the vessels and
glomeruli may also be present. Light chain
deposits can typically be observed by means
of immunofluorescence staining in renal
basement membranes (tubular, glomerular,
and vascular) [106]. In addition, there is often
concomitant deposition in the glomerular me-
sangium.

The pathogenetic causes of cast neph-
ropathy are still unknown. When Bence-Jones
proteins of patients with multiple myeloma or
AL amyloidosis are injected into mice, the
animals reproduce renal lesions identical to
those observed in patients [107]. Myeloma
casts develop in the distal nephron when cast-
forming light chains bind to a specific portion
of Tamm-Horsfall protein, secreted by cells of
the thick ascending limb of the loop of Henle,
to form an insoluble protein complex. Light
chains are normally synthesized by plasma
cells in excess of heavy chains. Because of
their low molecular weight (approximately 22
kD), light chains are filtered at the glomeru-
lus, reabsorbed by the proximal tubule, prob-
ably by receptor-mediated endocytosis, and

catabolized [102, 108]. However, in the
course of multiple myeloma and other dis-
eases, light chain production is dramatically
increased. With the increase in amount of light
chains presented to the tubules, the proximal
tubular reabsorptive capacity is overwhelmed,
which leads to the urinary excretion of light
chains as Bence-Jones proteins. The tubular
damage results either directly from nephro-
toxic effects of Bence-Jones proteins or indi-
rectly from intrarenal obstruction from cast
formation [105]. Interestingly, there are unex-
plained individual variations in the toxicity of
Bence-Jones proteins [109, 110]. Some pa-
tients who excrete large amounts of light
chains develop no renal dysfunction. Others
show a nephropathy despite small urinary
amounts of light chains.

A variety of factors modify the interactions
between the light chains and Tamm-Horsfall
protein and thus influence the development of
renal failure [102, 111]. The coaggregation
depends on the ionic environment and physi-
cochemical factors, such as light chain con-
centration [112], isoelectric point [113],
acidic intraluminal pH of the distal nephron
[114], tubular flow rate [112], and presence of
complete Tamm-Horsfall protein [115]. In-

Table 8. Factors Contributing to Nephropathy in
Patients with Multiple Myeloma

– Excretion of light chains which may cause the
following renal diseases:
Myeloma kidney
Light chain nephropathy
AL-Amyloidosis

– Hypercalcemia
– Hyperuricemia
– Dehydration
– Recurrent infectious pyelonephritis
– Renal plasma cell infiltration
– Contrast media or nephrotoxic agents
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creasing concentrations of sodium or calcium
but not magnesium facilitate coaggregation
[115]. Patients who excrete large amounts of
Bence-Jones proteins in the urine are the most
prone to renal failure. Some investigations
suggest that cast-forming Bence-Jones pro-
teins have isoelectric points > 5.1. This may
explain the observation that aciduria inde-
pendent of urinary flow rate increases the
nephrotoxicity of Bence-Jones proteins [114]
and that an acidic intraluminal pH of distal
nephron may give an optimal environment for
the precipitation [102]. Conditions in which
the intraluminal flow rate are reduced, such as
volume depletion, can accelerate tubular ob-
struction. Furosemide augments coaggrega-
tion and accelerates intraluminal obstruction
in rats, possibly by increasing the intratubular
sodium and calcium concentration [112].

Experimental data suggest that ionic inter-
action between Bence-Jones proteins and a
specific peptide binding site on Tamm-Hors-
fall protein promotes heterotypic coaggrega-
tion [116]. However, the carbohydrate moiety
of Tamm-Horsfall protein is also essential for
coaggregation, perhaps by facilitating homo-
typic aggregation [116]. Deglycosylated
Tamm-Horsfall protein does not coaggregate
with Bence-Jones proteins and colchicine,
which seems to remove the carbohydrate

component of Tamm-Horsfall protein, thus
prevents coaggregation of Tamm-Horsfall
protein and toxic light chains in rats [112].

Table 9 summarizes the factors affecting
cast formation.

– Clinical Features: Renal failure occurs in
nearly 25% of patients, whereas renal
dysfunctions occur in > 50% of patients.
Recurrent bacterial infections, especially
pyelonephritis, are presenting features in
about 25% of cases. The clinical presen-
tation of renal involvement in multiple
myeloma is characterized by acute or
chronic progressive renal insufficiency.
However, according to the multifactorial
pathogenesis of the renal dysfunction,
clinical features are variable (Table 10).
Proteinuria is found in 70% of all patients
with multiple myeloma and may often be
the initial symptom. It reflects overflow
of monoclonal Bence-Jones proteins.
Generally, there is very little albumin in
the urine because glomerular function is
usually normal. When the glomeruli are
involved, the proteinuria is nonselective.
The presence of a nephrotic syndrome
and a monoclonal kappa or lambda light
chain in the urine almost always indicates
primary amyloidosis or light-chain depo-

Table 9. Factors Affecting Cast Formation [102]

– Concentration and type of Bence-Jones
protein

– Concentration and carbohydrate content of
Tamm-Horsfall protein

– Distal nephron milieu:
Sodium chloride concentration
Calcium concentration
Tubule fluid flow rate
Tubule fluid pH
Furosemide or radiocontrast agents

Table 10. Renal Manifestation of Multiple
Myeloma

– Bence-Jones proteinuria, glomerular
proteinuria

– Acute or chronic renal insufficiency
– Tubular dysfunction

Fanconi syndrome
Renal tubular acidosis
Defect in urinary concentration
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sition disease, and a newly diagnosed
albuminuria in patients with multiple
myeloma is suspicious of AL amyloido-
sis. In addition, > 70% of patients show
signs of tubular defects, such as impaired
acidification or adult Fanconi syndrome,
which is characterized by excessive in-
creased urinary loss of glucose, phospha-
te, and all glomerular filtrated amino
acids. In addition, loss of bicarbonate
induces RTA (type 2 proximal RTA), and
the urinary concentrating ability may
also be diminished [109, 117 – 120].

– Diagnosis: The diagnosis of multiple
myeloma should always be considered
when a patient > 50 years of age develops
renal failure and proteinuria of unknown
origin. The classic triad of multiple mye-
loma is a bone marrow specimen contai-
ning > 10% atypical or immature plasma
cells, lytic bone lesions, and a serum
and/or urine M component. Additionally,
multiple myeloma should be considered
when renal insufficiency is accompanied
by hypercalcemia, inadequate anemia,
and/or elevated erythrocyte sedimentati-
on rate (ESR). Characteristically, dip-
sticks for detecting proteinuria are not
reliable at identifying light chains. How-
ever other qualitative techniques that de-
pend on precipitation of protein, such as
the sulfosalicylic acid (SSA) method, are
useful in detecting Bence-Jones pro-
teinuria. Thus, the constellation of a ne-
gative dipstick test and a positive preci-
pitation test can be due to the presence of
Bence-Jones proteins. This should be
further evaluated by electrophoresis and
immunoelectrophoresis. Typically, a de-
creased anion gap can be found in pati-
ents with multiple myeloma because the
M component is cationic, resulting in
retention of chloride. The kidneys are
normal size on ultrasound.

– Therapy: Treatment strategies for myelo-
ma kidney (Table 11) are somewhat con-
troversial. The principle of therapy has
been chemotherapy to decrease producti-
on of the abnormal monoclonal immuno-
globulins and immunoglobulin light
chains. Clinical data indicate that plasma
exchange associated with chemotherapy
rapidly removes large amounts of light
chains and improves both renal function
and long-term survival expectancies of
patients suffering from ARF due to mul-
tiple myeloma with Bence-Jones pro-
teinuria [121, 122]. Little attention has
been given to understanding and disrup-
ting the pathophysiologic mechanisms
involved in production of intraluminal
casts. Noncontroversial elements include
the supportive treatment of hypercalce-
mia (corticosteroids, hydration, 0.9% so-
dium chloride infusion, calcitonin, bis-
phosphonates) and hyperuricemia (allo-
purinol, hydration, urinary alkalinizati-
on). Adequate hydration is necessary
(daily intake of 2 – 3 L of fluids as long

Table 11. Potential Therapies for Cast Neph-
ropathy [102]

– Chemotherapy to decrease Bence-Jones
protein

– Plasma exchange to remove light chains from
plasma

– Increase free water intake to 2–3 L/day as tol-
erated

– Treat hypercalcemia
– Avoid exposure to furosemide and radiocon-

trast agents
– Alkalinize urine
– Colchicine to decrease amount and carbohy-

drate content of Tamm-Horsfall protein
– Reducing agents that alter the light chain bind-

ing site on Tamm-Horsfall protein
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as there are no signs of renal failure or
heart insufficiency) to keep the urine
flow high. Additionally, the sodium chlo-
ride concentration in the distal nephron
should be lowered. Experimental data in
rats show that urinary alkalinization pre-
vents renal failure from Bence-Jones pro-
teins. However, comparable results in hu-
man patients are missing. Radiocontrast
media and nephrotoxic agents should be
avoided. Furosemide can increase distal
tubular sodium chloride and calcium
concentrations and can enhance, in a con-
centration-dependent fashion, toxicity of
cast-forming proteins in vivo. Particular-
ly in the setting of volume depletion, loop
diuretics should be used with caution be-
cause of their capability to augment
coaggregation of light chains with
Tamm-Horsfall proteins. Experimental
data in rats suggest that treatment with
colchicine prevents aggregation of cast-
forming Bence-Jones proteins, apparent-
ly by decreasing the excretion and remo-
ving the carbohydrate moiety of Tamm-
Horsfall protein [112]. Colchicine, in
daily doses of 1 – 2 mg, is standard
therapy in preventing renal amyloidosis
from familial Mediterranean fever.
Colchicine in this dosage might also be
efficacious in managing patients with
cast nephropathy. Additionally, reducing
agents such as cysteamine (beta-mercap-
toethylamine) alter the tertiary structure
of Tamm-Horsfall protein sufficiently to
diminish subsequent binding to light
chains. However, the possible role of
colchicine and reducing agents in the ma-
nagement of myeloma kidney requires
further clinical studies [102].

Kidney transplantation has been perfor-
med in a small number of patients with
myeloma kidney. Although recurrence of

cast nephropathy has been described, the
results support the strategy of offering
cadaver renal transplantation to carefully
selected individuals who require long-
term dialysis and whose myeloma is in
remission after chemotherapy [123 – 125].

Uric Acid

Hyperuricemia can cause different renal
disorders (Table 12). The term gouty neph-
ropathy is used for the chronic interstitial
nephritis with hyperuricemia and gouty
arthropathy. While it is commonly accepted
that hyperuricemia can cause ARF this has not
been unequivocally established for chronic
interstitial disease [126]. Experimental data
support the hypothesis that interstitial depos-
its of urate and uric acid in the kidney may be
derived from intratubular deposits that react
with the tubular epithelium and pass into the
interstitium. Loss of tubular integrity may not
be a prerequisite for crystal migration [127].
However, there are no convincing data to ver-
ify an association between an overproduction
of uric acid and progressive renal failure.
Moreover, it has been reported that lead in-
toxication may be the pathogenically relevant
agent in gouty nephropathy [128]. However,
many patients with impaired renal function
present with high serum uric levels secondary
to diminished GFR and tubular effects of diu-
retic drugs. Lowering of uric acid production
could be important in these patients if hype-
ruricemia leads to acceleration of renal dis-

Table 12. Hyperuricemia-associated Renal Dis-
orders

Nephrolithiasis
Acute renal failure in excessive overproduction

Gouty nephropathy
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ease. Besides encouraging water intake (uri-
nary volume > 2 L/day), a restriction of ali-
mentary purine, alkalization of urine, and al-
lopurinol in doses adjusted to renal excretory
function should be considered in patients with
serum uric acid > 10 mg/dL (600 µM) [127].

Heavy Metal Intoxication

Chronic lead and cadmium exposure injure
the proximal tubular cells initially. Hence,
tubular transportation defects may be de-
tected. However, as stated above, these find-
ings are not specific in tubulointerstitial dis-
eases. The pathogenetic mechanisms by
which tubular lesions in heavy metal neph-
ropathies result in chronic tubulointerstitial
inflammation and fibrosis remain to be eluci-
dated. Expression of pro-inflammatory me-
diators by injured epithelial cells may lead to
mononuclear cell infiltration and activation of
cytotoxic T lymphocytes. CTIN in chronic
lead and cadmium intoxication will be dis-
cussed in more detail. In addition, intoxica-
tion with several other metals such as mer-
cury, thallium, chromium, lithium, and nickel
may lead to CTIN [129].

– Lead Nephropathy: Chronic exposure to
lead can be associated with CRF display-
ing the pathological features of CTIN
(see also above) [130]. Lead ingestion
can arise from occupational exposure as
well as from household sources (e.g. pot-
tery, crystal, old water pipes). Lead accu-
mulates in the S3 portion of the proximal
tubular cells, leading to dysfunction ran-
ging up to full expression of the Fanconi
syndrome [131]. Proximal tubular lesi-
ons are usually accompanied by additio-
nal chronic interstitial nephritis with in-
terstitial fibrosis, atrophy, and ne-
phrosclerosis [132]. Clinical signs of
lead nephropathy are hyperuricemia and
hypertension. Recurrent gout in the pre-

sence of CRF is a useful marker of chro-
nic lead poisoning [133]. The diagnosis
of lead nephropathy is based on an aug-
mented urinary lead excretion (>0.6
mg/24hours) following EDTA admini-
stration (2 doses of 1 g), while blood lead
levels are less useful to determine a chro-
nic exposure [134]. EDTA chelation the-
rapy is suggested thereafter until lead
mobilization becomes normal again,
with a favorable outcome in some cases.
In contrast to the course in adults, lead
exposure in children only rarely results in
CRF [134].

– Cadmium Nephropathy: Occupational
and less often environmental (itai-itai di-
sease) [135, 136] excess cadmium expo-
sure result in tubular injury and intersti-
tial nephritis. Metallothionin-bound cad-
mium is pinocytosed into proximal tubu-
lar cells leading to proximal tubular dys-
function and especially to hypercalciuria.
A high incidence of metabolic bone di-
sease and complications due to nephro-
lithiasis are special features of this entity,
often being the initial symptoms. The
diagnosis can be confirmed by the fin-
ding of a high urinary excretion of cad-
mium. Besides symptomatic treatment of
bone disease and complications, there are
to date no specific therapeutic options in
cadmium nephropathy. Large amounts of
cadmium are stored within the liver and
kidneys, and the half-life (t1/2) is > 10
years .

Hypercalcemia

The kidneys can be affected in many ways
by hypercalcemia. Elevated serum calcium
levels and excessive hypercalciuria in dis-
eases with high calcium turnover often lead to
an acute deterioration of renal function. In-
creased cholecalciferol in sarcoidosis or in
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patients with excessive vitamin D intake are
less frequent causes than paraneoplastic cal-
cium release due to parathormone-related
peptide or bone metastases. Tubular transpor-
tation disorders with ensuing hypercalciuria
are rare. In hypercalcemia, it is believed that
direct vasocontractory effects, a reduction in
glomerular filtration coefficient, and volume
depletion due to a vasopressin-resistant con-
centrating defect result in a decline of GFR
[137, 138]. Apart from acute effects on renal
function, hypercalcemia may also lead to a
deposition of calcium within the tubulointer-
stitium (especially medullary tubular base-
ment membrane, collecting ducts, and finally
throughout the interstitium), so-called neph-
rocalcinosis [63, 139]. These tubulointersti-
tial calcium lesions in turn lead to inflamma-
tory infiltration and chronic tubulointerstitial
disease. Nephrocalcinosis can be diagnosed
either by ultrasonography or by computed
tomography (CT) as well as by plain X-ray
imaging techniques. Diagnosis of the under-
lying disease is essential to enable specific
treatment. Treatment and nonrenal complica-
tions of hypercalcemia itself are discussed in
chapter I.5. In general, the outcome of acute
deterioration of renal function is good if
treated early depending on the cause of the
hypercalcemia. In nephrocalcinosis, treat-
ment results are less favorable than with all
other forms of chronic tubulointerstitial dis-
ease.

Hypokalemia

Chronic hypokalemia is another albeit rare
electrolyte disorder that can cause tubuloin-
terstitial nephritis. Inherited forms of hypoka-
lemia are primary renal tubular transportation
defects that lead to wasting of potassium into
the tubular lumen (often accompanied by
acid-base disorders and other defects). These
forms of CTIN usually show slow progression

towards ESRD. Hypokalemia nephropathy is
characterized morphologically by vacuoliza-
tion of proximal tubular cells, the origin of
which is unknown. In addition to the his-
tologic findings of chronic tubulointerstitial
nephritis and fibrosis, periodic acid-Schiff
(PAS)-positive intracytoplasmic granules and
cyst formations within the renal medulla can
be observed. Functionally, hypokalemia can
lead to marked polyuria that is resistant to
antidiuretic hormone (ADH). Experimental
data in rats reveal that excessive synthesis of
ammonia may initiate an inflammatory re-
sponse, with tubulointerstitial damage caused
by concurrent complement activation [140].
Potassium repletion is essential and can re-
verse both functional and structural abnor-
malities in many cases.

Oxalosis

Hyperoxaluria can be caused by at least 2
hereditary disorders of oxalate metabolism:
excessive oxalate load or an increase in bowel
absorption of oxalate. Though relatively rare,
inborn oxalate disorders often result in
chronic renal disease and early end-stage in-
sufficiency. Primary hyperoxaluria (PH) type
1 is characterized by the deficiency of the liver
enzyme alanine glyoxylate aminotransferase,
and the very rare PH type 2 is based on a defect
of the D-glycerate dehydrogenase [141, 142].
Patients with lesions of large portions of the
small bowel, especially the terminal ileum in
inflammatory bowel disease, or with short
bowel syndrome after surgery may have in-
creased absorption of oxalate. An increased
bile acid load in the large bowel is believed to
capture calcium from calcium-oxalate com-
plexes, thereby releasing free oxalate for ab-
sorption. In addition, ethylene glycol poison-
ing or ascorbic acid overdoses can result in
excessive metabolic oxalate production and
tubulointerstitial damage. Deposition of cal-
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cium-oxalate crystals in many tissues and or-
gans is the pathogenically relevant lesion. Be-
sides renal involvement, deposition in the
bones, in arteries, and in nervous tissue results
in severe lesions that lead to a clinically
prominent bone disease with fractures, is-
chemic damage, and polyneuritis as well as
retinal lesions. In the kidney, nephrolithiasis,
obstruction of the tubular lumina, and intersti-
tial deposition of crystals are the main mani-
festations. Measures to lower oxalate often
are ineffective to prevent CRF (and extrarenal
damage). The most effective prophylactic
treatment is increasing urinary output by aug-
menting water intake to 3 – 4 L/m2/day. Ad-
ministration of citrate, orthophosphate, or
magnesium can prevent crystal formation and
should be given additionally. Some cases of
PH type 1 also respond to pyridoxine (a co-
factor of enzyme activity). Patients with
ESRD due to PH type 1 are reported to benefit
from combined liver-kidney transplantation
with good results in a number of cases asso-
ciated with improvement of extrarenal mani-
festations [143, 144].

Radiation Nephritis

Radiation nephritis has become rare during
recent years because administration protocols
for radiation were changed to lower the total
dose on the kidneys when nearby target or-
gans are to be treated. However, total body
irradiation in patients receiving bone marrow
transplantation is an increasing cause of radia-
tion damage of the kidneys. Radiation nephri-
tis is clinically divided into acute forms with
a clinical onset within one year and more
delayed reactions to radiation after several
years.

Acute forms present with hypertension and
chronic anemia as well as edema. In most
cases, a progressive renal insufficiency will
result in ESRD. Occasionally, varying de-

grees of proteinuria and microscopic hema-
turia are found. Especially in children, acute
radiation nephritis may be associated with
intravascular hemolysis, making differentia-
tion from the hemolytic uremic syndrome
(HUS) difficult.

In chronic forms, patients may present with
often isolated hypertension or mild prote-
inuria even after more than a decade. Malig-
nant hypertension can occur, probably due to
lesions of the renal arteries, at least in some
cases. Severe forms of CRF with hypertension
and proteinuria can also be seen.

Histologic lesions of chronic tubulointer-
stitial fibrosis are found in radiation nephritis.
Acute forms display signs of marked
glomerular endothelial lesions as well. In-
flammatory infiltrates are usually absent,
probably secondary to the therapy and pri-
mary disease. The pathogenesis of radiation
injury of the kidneys is believed to be primar-
ily vascular with endothelial cell damage re-
sulting in progressive vascular disease with
ensuing tubular atrophy and generalized is-
chemic lesions of the tubulointerstitium. In
addition, the tubular epithelium is affected
primarily by irradiation. Recent data on fi-
broblast cell regulation suggest that parenchy-
mal cells and especially fibroblasts may be in
part responsible for fibrogenesis after radia-
tion [145, 146]. As with other forms of pro-
gressive renal disease, administration of ACE
inhibitors could prove advantageous [147].
Hypertension due to unilateral disease may
respond to nephrectomy of the affected kid-
ney. Radiotherapy involving the kidneys ex-
acerbates the risk for renal toxic injury by
nephrotoxic drugs (radiocontrast agents, anti-
biotics, and especially cytotoxic drugs).
Hence, careful management of radiation
along with additional therapy is necessary.
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Course and Treatment

In most forms of CTIN, the primary disease
cannot be treated sufficiently (specific thera-
pies of some special entities have been dis-
cussed before). Moreover, even if further re-
nal injury can be prevented, renal function
slowly but inevitably deteriorates towards
CRF, once a certain degree of tubulointersti-
tial damage and especially fibrotic changes
have occurred (in cases of CTIN as well as in
essentially all chronic renal disorders). The
most important maneuver is controlling blood
pressure (lowest tolerable blood pressure
≤ 140/85 mmHg) preferably with ACE inhibi-
tors unless otherwise contraindicated [148].
These drugs seem to possess a higher nephro-
protective potency than other antihyperten-
sive substances Angiotensin II type I receptor
antagonists may prove comparably effective
in the future [149]. To date, however, evidence
for the nephroprotective properties of ACE
inhibitors is only documented in type-I diabe-
tes mellitus [150]. Thus, treating elevated
blood pressure, irrespective of the individual
antihypertensive agents, remains the main
goal. In addition, treatment of accompanying
abnormalities such as hyperuricemia, meta-
bolic acidosis, and hyperphosphatemia is ad-
visable. The impact of a low protein diet on
the progression of CRF is not clear [151 –
153]. We advise our patients to restrict protein
intake to 0.8 g/kg/day (plus urinary losses).
However, great care must be taken to prevent
a catabolic state in these patients.

Vascular Diseases of the
Kidney

A large variety of renal diseases are of vas-
cular origin. They may be classified as lesions
affecting the large blood vessels (renal artery
and vein) or primarily the small vessels and
capillaries of renal parenchyma. The latter
disorders and subtotal renal artery stenosis
associated with hypertension are discussed
elsewhere in chapter I.21. Thus, this chapter
will focus on diseases of the large vessels
only, namely renal artery thrombosis and em-
bolism, cholesterol embolism syndrome, and
renal vein thrombosis. These entities are simi-
lar in that they are usually associated with
acute failure of the affected kidney. Hence,
depending on pre-existing renal function and
the extent of the lesion (unilateral or bilateral),
they may cause acute azotemia. Table 13 sum-
marizes renal vascular diseases.

Renal Artery Thromboembolism

The term renal artery thromboembolism
implies thromboembolic phenomena to the
main renal arteries and the development of
thrombosis in the renal artery.

The source of thromboembolic phenomena
is usually the left atrium in patients with atrial
fibrillation or the left ventricle with wall-ad-
herent thrombi, shortly after myocardial in-
farction [154 – 156]. Less often, embolism
might arise from endocarditis-associated
thrombotic lesions (bacterial or aseptic). Ad-
ditionally, rheumatic valvular disease and
prosthetic heart valves are predisposing fac-
tors [155, 156]. Incidences with paradoxical
embolism from venous thrombi through asso-
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ciated right to left shunting are very rare
[157]. Diseases such as tumors and aneurysms
may result in embolism and must be consid-
ered [158, 159]. Percutaneous intraarterial
catheterization and aortography can cause an
embolism involving the renal artery and aorta
[160]. Renal artery embolism is bilateral in up
to one-third of cases.

Renal artery thrombosis (RAT) is much less
common than renal artery occlusion by em-
boli [161]. The latter is usually superimposed
on an atheromatous plaque (as in coronary
thrombosis). In addition, intimal lesions of the
renal artery arising from trauma or surgery as
well as inflammatory injury can cause throm-
botic occlusion [162]. Numerous other factors
have been associated with RAT. For example,
ACE inhibitors may induce RAT in patients
with renal artery stenosis [163 – 165]. RAT
can also be associated with erythrocytosis,
factor V Leiden mutation, antiphospholipid
syndrome, or elevated cyclosporine levels
[166 – 169]. Spontaneous renal artery throm-
bosis is a rare phenomenon [161].

Clinical and Laboratory Features

Initially, patients usually complain of a sud-
den onset of flank pain, abdominal or chest
pain, nausea, and vomiting. Fever and chills
may occur. The physical examination often
reveals abdominal or flank tenderness, some-
times accompanied by clinical signs of peri-
toneal irritation. The extremities and central
nervous system (CNS) should be carefully
evaluated for signs of embolization. Consid-
ering the nonspecific symptoms, an early di-
agnosis of renal arterial thromboembolism is
often difficult [170, 171].

Laboratory findings include leukocytosis,
proteinuria, hematuria, and elevated levels of
lactic dehydrogenase (LDH), serum glu-
tamic-oxalacetic transaminase (SGOT), se-

Table 13. Renal Vascular Diseases

Diseases of the renal artery and branches
Renal artery thrombosis

– Renal vascular hypertension / ischemic
disease

– Atheromatous
– Fibromuscular dysplasia

Renal artery embolism
– Atrial or ventricular embolism
– Aortal origin
– Septic embolism (endocarditis)
– Lupus anticoagulant syndrome

Dissection (aortal)
Cholesterol embolism syndrome
Large vessel vasculitis

– Takayasu
– Polyarteritis nodosa

Diseases of the small renal vessels
Small vessel vasculitis

– Wegener granulomatosis
– Microscopic polyangiitis
– Henoch-Schönlein purpura

Renal allograft rejection
Radiation nephritis (see CTIN)
Lupus anticoagulant syndrome
Disseminated intravascular coagulation
Toxemia of pregnancy
Hemolytic uremic syndrome / thrombotic-
thrombocytopenic purpura

Diseases of the renal vein
Renal vein thrombosis

– Nephrotic syndrome
– Heparin-induced thrombopenia type II
– Hyperviscosity syndromes

(e.g. Polycythemia vera, Leukemias,
Thrombocytosis)

– Diseases of the clotting system (inherited,
lupus anticoagulant syndrome, etc.)

– Infiltration by tumor
(e. g. renal cell carcinoma)

Compression of the renal vein
– Lymphoma
– Pancreatic carcinoma

Oral contraceptives
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rum glutamic-pyruvic transaminase (SGPT),
alkaline phosphatase, and creatinine kinase
(CK) [170, 172, 173]. CK isoenzyme assay
for CK-MB may be falsely high, due to a
release of CK-BB activity from renal tissue.
Deterioration of renal blood flow results in
acute oliguric failure of the affected kidney,
which can be compensated from a functioning
contralateral organ. Anuria suggests the pres-
ence of bilateral emboli. Another result of
renal ischemia is renin release leading to arte-
rial hypertension [174]. If the onset is rather
slow and occlusion is subtotal, only hyperten-
sion may result.

Various techniques can be employed to es-
tablish the diagnosis. Dopplerultrasonogra-
phy, perfusion scintigraphy, and CT scan as
well as magnetic resonance imaging (MRI)
with contrast agents are highly sensitive and
specific techniques [175 – 179]. Intraarterial
angiography is the definitive method for the
diagnosis of renal artery thromboembolism
[159]. However, this technique should be used
only when a therapeutic intervention is
planned because of the risk of ARF induced
by contrast media.

Therapy

Intraarterial angiography allows immediate
therapy in many cases. This will mean percu-
taneous transluminal angioplasty (PTA) and
embolectomy with or without stenting of the
vessel wall [180 – 182]. In some instances,
vascular surgery will be needed. However,
traditional methods of repair (e.g. in situ re-
pair, bypass graft, and thrombectomy) have
poor success rates. Renal autotransplantation
was successfully performed in a patient with
bilateral RAT [183]. If none of these therapeu-
tic options can be employed, intraarterial or
systemic thrombolysis (e.g. streptokinase or
urokinase) should be considered to prevent

irreversible loss of the organ [154, 184, 185]
(Figures 7a and 7b). In any event, therapy
should be started as soon as possible [186].
However, even after a one day delay, renal
function in some patients will still profit from
therapy because renal parenchyma may be
perfused via collateral vessels or by minimal
flow rates through the affected vessel [187,
188]. Conservative treatment by anticoagula-

Figure 7a. Preinterventional intraarterial angiog-
raphy of a 48-year-old-man with patent foramen
ovale who had an embolism to the anterior main
branch of the left renal artery. Consequently, renal
perfusion was dramatically diminished.

Figure 7b. Intraarterial angiography after suc-
cessful intraarterial thrombolysis (urokinase) shows
recanalization of the affected arterial branch and
restoration of renal blood flow. I.1
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tion with heparin and acetylsalicylate is usu-
ally not sufficiently effective. However, long-
term anticoagulation may be required in some
patients to prevent embolization to other vital
organs.

Cholesterol Crystal Embolism

Cholesterol crystal embolism syndrome
(CCE) occurs mainly in elderly patients (>60
years) frequently with a history of hyperten-
sion, atherosclerotic cardiovascular disease,
renal failure, and aortic aneurysms (25%) at
presentation (Figure 8). To a lesser extent,
patients with thrombolytic or anticoagulant
therapy are also affected. Possible predispos-
ing factors are operative, radiological, and
vascular procedures. Finally, there are reports
that cholesterol embolism can occur sponta-
neously. Multiple showers of cholesterol em-
boli that stem from atheromatous plaques may
lodge in medium-sized vessels (diameter
< 200 µm). Here they initiate a progressive
inflammatory reaction. Initially, an infiltrate
of macrophages and giant cells is found. This

is followed by a process of intimal prolifera-
tion and fibrosis and results in irreversible
occlusion of the arteries [189 – 191].

Clinical and Laboratory Features

CCE frequently presents with nonspecific
manifestations that mimic other systemic dis-
eases. The onset can be abrupt, but more
chronic courses of progressive loss of organ
functions can also be found. Clinical manifes-
tations vary, depending on the affected organs,
up to multiorgan failure. The brain, retinal
arteries, and visceral vessels (pancreas, gut)
are often involved. Also, embolism of muscles
and skin is usually found. Thus, ischemic
necrosis of the toes (blue toe syndrome) and
livedo reticularis may occur and may be mis-
taken for vasculitis. In the kidneys, embolism
results in deterioration of renal function and a
mixture of mild proteinuria, microscopic he-
maturia, and leukocyturia. Additionally, non-
specific signs and symptoms such as fever,
weight loss, myalgias, and headache may ap-
pear. Only one-third of CCE cases are diag-
nosed premortem, most commonly by biopsy
of the muscle, skin, and kidney. Mortality is
high and is most commonly due to multifac-
torial, cardiac, and renal etiologies. CCE
should always be considered in elderly pa-
tients with atherosclerotic vascular disease
with onset of renal insufficiency and cutane-
ous manifestations. In addition, thorough in-
spection of the retinal arteries may reveal
cholesterol emboli. The emboli may be seen
as bright copper yellow plaques, usually
lodged at the bifurcations of retinal arterioles.
In many cases however, the diagnosis will be
missed unless renal biopsy demonstrates the
presence of cholesterol emboli within the
smaller arteries [190 – 192].

Laboratory findings are indistinct, but eos-
inophilia and increased ESR are often present.

Figure 8. Renal cholesterol atheroembolism of an
interlobular artery in a kidney transplant of a 70-
year-old male. A fibrinous thrombus, containing typi-
cal cleft-like spaces of cholesterol crystals, is ob-
structing the lumen. Note edema and the ischemic
tubular lesions in the surrounding interstitium (PAS,
magnification x 125).
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Diagnosis of this disorder is difficult, as find-
ings in urinalysis are rather nonspecific. Eos-
inophilia may be suggestive in combination
with a history of predisposing procedures and
skin findings [190 – 192].

Therapy and Prognosis

To date, there is no specific treatment avail-
able, and CRF (as well as marked impairment
from other manifestations) can often develop.
Treatment of arterial hypertension may slow
progression of renal insufficiency. ACE in-
hibitors may be beneficial to control arterial
hypertension. Cholesterol-lowering agents
are used as well [193]. They may stabilize the
vascular plaque and therefore prevent further
embolization. Prostacycline analogs are novel
candidates for the treatment of cholesterol
embolism [194]. The role of anticoagulation
is controversial. It may predispose patients to
the development of CCE [195]. Case reports
of catastrophic cholesterol embolization tem-
porally associated with thrombolytic therapy
patients have suggested a causal relationship.
The prevalence of cholesterol embolization in
patients with acute myocardial infarction
treated with thrombolytic therapy is not sig-
nificantly higher than in those treated without
thrombolytic therapy. Isolated case reports of
severe cholesterol embolization temporally
associated with thrombolytic therapy do not
represent a phenomenon with widespread
subclinical occurrence [196].

Renal Vein Thrombosis

Thrombosis or occlusion of one or both
renal veins occurs in a variety of settings
(Table 14).

The association between renal vein throm-
bosis (RVT) and nephrotic syndrome was first

described by the French nephrologist Rayer in
1840 [201]. In the past, most cases of RVT
were diagnosed postmortem. Later, with the
development of more advanced imaging tech-
niques and selective catheterization, an-
temortem diagnosis of RVT was made possi-
ble and the number of described cases in-
creased. So far, however, there is controversy
about the real incidence of RVT in adults with
the nephrotic syndrome. The incidence of
RVT in the adult population is difficult to
establish, because RVT frequently occurs
without a specific clinical presentation, and
therefore the diagnosis is often missed.

Thromboembolism is one of the most seri-
ous complications of the nephrotic syndrome
[202, 203]. The most frequent site of throm-
bosis is the renal vein, with a reported inci-
dence varying from 2 – 42% (average inci-
dence 9%) [204]. The prevalence of RVT in
patients with all types of nephrotic syndrome
other than membranous nephropathy (MN)
who were submitted to venography was 13%
[204]. On the other hand, the mean frequency
of RVT in patients with the nephrotic syn-
drome caused by MN was 15.4% (5 – 62%)

Table 14. Causes of Renal Vein Thrombosis

– Extrinsic compression (tumor, lymph nodes,
aneurysm, retroperitoneal mass)

– Invasion of the renal veins or inferior vena
cava by renal cell carcinoma

– Trauma
– Hemoconcentration (children in association

with dehydration)
– Nephrotic syndrome
– Kidney transplantation (OKT3 and cyclospor-

ine therapy)
– Steroid administration
– Pregnancy or oral contraceptives
– Constitutional protein S deficiency [197]
– Acute pyelonephritis [198]
– Primary antiphospholipid syndrome [199, 200]
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and increased to 29.6% when renal
venograms were performed [204]. It is gener-
ally accepted that MN is the most common
nephropathy associated with RVT. Other
forms of nephropathy such as membranopro-
liferative glomerulonephritis (MPGN), lupus
nephritis, and amyloidosis are not frequently
associated with RVT [205]. For poorly under-
stood reasons, nephrotic syndrome due to dia-
betes mellitus, focal sclerosis, and minimal
change disease does not carry a high risk of
RVT. It remains unexplained why there is a
selective association between MN and RVT
that does not completely exclude a possible
pathogenetic correlation between primary
RVT and the subsequent MN in selective pa-
tients [204]. It seems that the disease process
underlying the nephrotic syndrome may play
a paramount role in the genesis of RVT or
thromboembolic phenomena [205]. In addi-
tion, RVT is very frequently complicated by
pulmonary emboli. Approximately 42% of all
patients with the nephrotic syndrome have
thromboembolic complications that were
more frequent in MN compared with other
types of the nephrotic syndrome [204].

RVT is thought to be a result of the profound
metabolic disorder due to the nephrotic syn-
drome. Alterations of many coagulation fac-
tors and clotting inhibitors as well as defects
in the fibrinolytic system and platelets may
arise. Table 15 summarizes the major factors
that may contribute to the hypercoagulable
state in the nephrotic syndrome [203, 204,
206].

In summary, the hypercoagulable state of
the nephrotic syndrome seems to be charac-
terized by occasionally low zymogen factors,
a marked increase in cofactors, an increase in
plasma fibrinogen, sometimes a decrease in
antithrombin III, and an increase in α 2-an-
tiplasmin. Additionally, thrombocytosis and
increased platelet aggregation are observed.
However, none of the various laboratory tests

used so far can predict the development of
thrombotic complications [207]. Addition-
ally, hypoalbuminemia also might play a role
in the platelet hyperaggregability in the neph-
rotic syndrome because albumin normally
binds arachidonic acid, thus limiting its con-
version to thromboxane A2 by platelets. Hy-
poalbuminemia might cause increased plate-
let archidonic acid metabolism, and therefore
platelet hyperactivity may result [208]. As a
consequence of these abnormalities in blood
coagulation, a hypercoagulable state may de-
velop. In addition, further clinical events or
individual predisposition such as increased
blood viscosity, intravascular volume deple-

Table 15. Major Factors Contributing to the Hy-
percoagulable State in the Nephrotic Syndrome

Coagulation factor Abnormality

Zymogens Factor XII �
Factor XI ��
Factor IX ��
Factor VII ��

Cofactors Factor V �
Factor VIII �

Fibrinogen �

Fibrinolytic system Plasminogen �
Plasminogen activator �

Regulatory proteins Antithrombin III �
alpha 2-antiplasmin �
alpha 2-macroglobulin �
alpha 1-antitrypsin�
protein C �
protein S �

Platelets Count �
Adhesiveness �
Aggregation �

Endothel Altered endothelial-cell
function
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tion, or other therapeutic maneuvers (e.g. ster-
oid therapy, diuretics) may trigger the disease.

Clinical Features

Only 10% of patients with RVT present
with clinical symptoms [203]. Acute RVT
should be considered whenever an acute
change in renal function or increase in prote-
inuria is noted in a setting of nephrotic syn-
drome. A sudden onset of persistent flank
pain, which may be colicky at times, marked
costovertebral angle tenderness, macroscopic
hematuria, changes in urinary protein excre-
tion, and increased renal size are features of
acute RVT superimposed on nephrotic syn-
drome. When acute RVT arises bilateral, acute
decline in GFR and marked oliguric ARF may
develop. On the other hand, chronic RVT may
frequently be clinically silent. The presence of
pleuritic pain or hemoptysis in a patient with
NS should alert the clinician to the possibility
of RVT and pulmonary emboli. Additional
clinical signs of RVT may be back pain,
thrombophlebitis in the lower extremity,
asymmetric edema, left varicocele, and di-
lated abdominal veins. Greatly elevated uri-
nary fibrin-fibrinogen products may be help-
ful in screening for RVT in asymptomatic
nephrotic syndrome patients [209, 210].

Color Doppler ultrasound is already the
modality of choice for the detection of acute
RVT [211, 212]. This noninvasive technique
essentially measures the renal venous flow
velocity. CT together with intravenous infu-
sion of contrast media also allows a noninva-
sive evaluation of RVT [213]. Renal magnetic
resonance angiography is also a noninvasive
method for diagnosing RVT [214]. A major
potential advantage in using this technique is
the avoidance of iodine contrast media. Con-
firmation of RVT may be obtained by arte-
riography with delayed films during the ve-

nous phase, by inferior venacavograms, or,
preferably, by selective renal venography.
However, when renal function is normal, the
high rate of renal blood flow leads to a rapid
wash out of the contrast media and therefore
may render the venography procedure diffi-
cult. Digital subtraction venography also
seems to be a simple, safe, noninvasive, and
quite efficient method to diagnose RVT [215].

Therapy

The treatment of RVT is usually conserva-
tive with the use of heparin (clotting time 2 –
2.5 times normal) followed by oral anticoagu-
lation (warfarin) or antiplatelet drugs [216].
Anticoagulation may be of prophylactic value
for the occurrence of pulmonary emboli. Ad-
ditionally, in patients with acute RVT, antico-
agulant therapy reduces massive proteinuria
and improves renal function in association
with demonstrable recanalization of renal
veins [217 – 219]. In most cases of chronic
RVT, however, anticoagulant therapy has little
effect on renal function, and thrombosis may
recur in the recanalized veins when the ther-
apy is discontinued. Altogether, the impact on
renal function caused by treating asympto-
matic chronic RVT is undetermined, but anti-
coagulation for chronic RVT is associated
with relatively few complications [202]. In
cases of nephrotic syndrome caused by MN,
the anticoagulant therapy should be adminis-
tered as long as the patient has nephrotic
proteinuria, an albumin level < 20 g/L, or
both. In patients with other causes of chronic
nephrotic syndrome, a more cautious ap-
proach may be indicated, and prophylactic
anticoagulation should be considered only if
the risk of thromboembolism is high [203].
Because of the increased platelet function,
platelet-aggregation inhibitors (low-dose as-
pirin) are a rational choice, although no infor-
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mation from controlled studies is available
[203].

Thrombolytic therapy (streptokinase, urok-
inase) can be used safely as long as there are
no contraindications. However, this therapy
should be reserved for those patients with the
most severe disease or worse prognosis and
seems to be warranted in the presence of bi-
lateral RVT with ARF, massive clot size with
high risk of acute embolic events, or recurrent
pulmonary emboli [220 – 222].

The value of surgical thrombectomy in
acute RVT has not been determined. However,
this procedure may be useful in patients with
acute RVT when complications develop such
as pulmonary embolism and inferior vena
cava thrombosis, right renal vein thrombosis
without collateral flow, and acute RVT with
shock, and patients are not otherwise expected
to survive the acute episode [223].

Whether the high incidence of thromboem-
bolic events in patients with the nephrotic
syndrome justifies prophylactic administra-
tion of oral anticoagulants remains controver-
sial. A carefully performed Markov-based de-
cision analysis has concluded that for neph-
rotic patients with MN, the benefits of pro-
phylactic anticoagulation outweigh the risks
such as serious bleeding events [224]. How-
ever, decision analysis models do not replace
the need for prospective, randomized clinical
trials. Altogether, it may be prudent, unless
contraindicated, to recommend long-term
oral anticoagulation to nephrotic patients with
MN, when the nephrotic syndrome is antici-
pated to persist. Additionally, when serum
albumin concentration falls < 2.0 – 2.5 g/dL
(high risk of thromboembolic events), pro-
phylactic oral anticoagulation seems to be
indicated. Also, patients with a history of
thromboembolic complications should re-
ceive long-term oral anticoagulation. Immo-
bilized nephrotic patients should probably re-
ceive short-term, low-dose parenteral heparin

during their immobilization followed by oral
anticoagulation [224, 225].

Acknowledgments

We are indebted to Dr. B. Sattler (Depart-
ment of Pathology, Georg-August University,
Göttingen, Germany) and PD Dr. K.-H.
Scholz (Department of Cardiology, Georg-
August University, Göttingen, Germany) for
providing histologic and angiographic pic-
tures, respectively.

References

[1] Lemley KV, Kriz W 1991 Anatomy of the renal
interstitium. Kidney Int 39: 370-381

[2] Nath KA 1992 Tubulointerstitial changes as a major
determinant in the progression of renal damage.
Am J Kid Dis 20: 1-17

[3] Wilson DM, Turner DR, Cameron JS, Ogg CS,
Brown CB, Chantler C 1976. Value of renal biopsy
in acute intrinsic renal failure. Br Med J 2: 459-461

[4] Brunner FP, Broyer M, Brynger H 1985 Combined
report on regular dialysis and transplantation in
Europe XV, 1984. Proc Eur Dial Transpl Assoc 22:
3-15

[5] Wing AJ 1992 Causes of end-stage failure. In:
Cameron S, Davison AM, Grünfeld J-P (eds.):
Oxford Textbook of Clinical Nephrology. Oxford
University Press, Oxford, New York, Tokio pp.
1227-1236

[6] US Renal Data System, U 1997 USRD 1997 annual
data report. National Institutes of Health, National
Institutes of Diabetes and Digestive and Kidney
Diseases. Bethesda, MD

[7] Strutz F, Müller GA 1995 On the progression of
chronic renal disease. Nephron 69: 371-379

[8] Neilson EG 1989 Pathogenesis and therapy of in-
terstitial nephritis. Kidney Int 35: 1257-1270

[9] Strutz F, Neilson EG 1994 The role of lymphocytes
in the progression of interstitial disease. Kidney Int
45: S106-S110

Chapter I - Clinical Nephrology and Hypertension

30



[10] Müller GA, Markovic-Lipkovski J, Frank J, Rode-
mann HP 1992 The role of interstitial cells in the
progression of renal diseases. J Am Soc Nephrol 2:
S198-S205

[11] Müller CA, Markovic-Lipkovski J, Risler T, Bohle
A, Müller GA 1989 Expression of HLA-DQ, -DR,
and -DP antigens in normal kidney and glomeru-
lonephritis. Kidney Int 35: 116-124

[12] McCluskey RT, Bhan AK 1982 Cell-mediated
mechanisms in renal diseases. Kidney Int 21
(suppl. 111): S6-S12

[13] Müller GA, Müller CA 1983 Characterisation of
renal antigens on distinct parts of the human neph-
ron by monoclonal antibodies. Klin Wochenschr
61: 893-902

[14] Wilson CB 1991 Nephritogenic tubulointerstitial
antigens. Kidney Int 39: 501-517

[15] Haverty TP, Kelly CJ, Hines WH, Amenta
PS, Watanabe M, Harper RA, Kefalides NA,
Neilson EG 1988 Characterization of a renal
tubular epithelial cell line which secretes the
autologous target antigen of autoimmune experi-
mental interstitial nephritis. J Cell Biol 107: 1359-
1367

[16] Neilson EG, Sun MJ, Kelly CJ, Hines WH, Haverty
TP, Clayman MD, Cooke NE 1991 Molecular
characterization of a major nephritogenic domain
in the autoantigen of anti-tubular basement mem-
brane disease. Proc Natl Acad Sci USA 88: 2006-
2010

[17] Kelly CJ, Tomaszewski J, Neilson EG 1994 Im-
munopathogeneic mechanisms of tubulointersti-
tial injury. In: Tisher CC, Brenner BM (eds.):
Renal pathology. Lippincott JB, Philadelphia p.
699

[18] Markovic-Lipkovski, J, Müller CA, Risler T, Bohle
A, Müller GA 1990 Association of glomerular and
interstitial mononuclear leucocytes with different
forms of glomerulonephritis. Nephrol Dial Trans-
plant 5: 10-17

[19] Müller GA, Markovic-Lipkovski J, Rodemann HP
1991 The progression of renal diseases: on the
pathogenesis of renal interstitial fibrosis. Klin Wo-
chenschr 69: 576-586

[20] Olsen TS, Wassef NF, Olsen HS, Hansen HE 1986
Ultrastructure of the kidney in acute interstitial
nephritis. Ultrastruct Pathol 10: 1-16

[21] Strutz F, Müller GA 1994 The role of tubulo-inter-
stitial processes in progression of primary renal
diseases. International Yearbook of Nephrology
Dialysis Transplantation. Nephrol Dial Transplant
9 (Suppl.): 10-20

[22] Michel DM, Kelly CJ 1998 Acute interstitial ne-
phritis. J Am Soc Nephrol 9: 506-515

[23] Langer KH, Thoenes W 1981 Characterization of
cells involved in the formation of granuloma. An
ultrastructural study on macrophages, epitheloid
cells, and giant cells in experimental tubulo-inter-
stitial nephritis. Virchows Arch B Cell Pathol Incl
Mol Pathol 36: 177-194

[24] Mignon F, Mery J-P, Morel-Maroger L, Mougenot
B, Ronco P, Roland J 1984 Granulomatous tubu-
lointerstitial nephritis. Adv Nephrol 13: 219-245

[25] Singer DR, Simpson JG, Catto GR, Johnston AW
1988 Drug hypersensitivity causing granuloma-
tous interstitial nephritis. Am J Kidney Dis 11:
357-359

[26] Dorp WT v, Jie K, Lobatto S, Weening JJ, Valentijn
RM 1987 Renal failure due to granulomatous inter-
stitial nephritis after pulmonary sarcoidosis. Neph-
rol Dial Transplant 2: 573-575

[27] Fannin SW, Hagley MT, Seibert JD, Koenig TJ
1993 Bronchocentric granulomatosis, acute renal
failure, and high titer antineutrophil cytoplasmic
antibodies: possible variants of Wegener’s granu-
lomatosis. J Rheumatol 20: 507-509

[28] Somvanshi PP, Patni PD, Khan MA 1989 Renal
involvement in chronic pulmonary tuberculosis.
Indian J Med Sci 43: 55-58

[29] Kelley VR, Singer GG 1993 The antigen presenta-
tion function of renal tubular epithelial cells. Exp
Nephrol 1: 102-111

[30] Müller GA, Müller CA, Markovic Lipkovski J 1996
Adhesion molecules in renal diseases. Ren Fail 18:
711 724

[31] Galpin JE, Shinaberger JH, Stanley TM, Blumenk-
rantz MJ, Bayer AS, Friedman GS, Montgomerie
JZ, Guze LB, Coburn JW, Glassock RJ 1978 Acute
interstitial nephritis due to methicillin. Am J Med
65: 756-765

[32] Buysen JG, HJ Houthoff, RT Krediet, L Ariszm
1990 Acute interstitial nephritis: a clinical and
morphological study in 27 patients. Nephrol Dial
Transplant 5: 94-99

[33] Ooi BS, Jao W, First MR, Mancilla R, Pollak VE
1975 Acute interstitial nephritis. A clinical and
pathologic study based on renal biopsies. Am J
Med 59: 614-628

[34] Ooi BS, Pesce AJ, First MR, Pollak VE, Bernstein
IL, Jao W 1974 IgE levels in interstitial nephritis.
Lancet 1: 1254-1256

[35] Shibasaki T, Ishimoto F, Sakai O, Joh K, Aizawa S
1991 Clinical characterization of drug-induced al-
lergic nephritis. Am J Nephrol 11: 174-180

[36] Linton AL, Clark WF, Driedger AA, Turnbull DI,
Lindsay RM 1980 Acute interstitial nephritis due to
drugs: Review of the literature with a report of nine
cases. Ann Intern Med 93: 735-741

I.1
0

10  Fiedler, Becker and Müller  - Tubulointerstitial and Vascular Diseases

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-10 31



[37] Sigala JF, Biava CG, Hulter HN 1978 Red blood
cell casts in acute interstitial nephritis. Arch Intern
Med 138: 1419-1421

[38] Murray MD, Brater DC 1993 Renal toxicity of the
nonsteroidal anti-inflammatory drugs. Annu Rev
Pharmacol Toxicol 33: 435-465

[39] Corwin HL, RA Bray, MH Haber 1989 The detec-
tion and interpretation of urinary eosinophils. Arch
Pathol Lab Med 113: 1256-1258

[40] Nolan C, Angel M, Kelleher A 1986 Eosinophiluria:
A new method of detection and definition of the
clinical spectrum. N Engl J Med 315: 1516-1519

[41] Ruffing KA, Hoppes P, Blend C, Cugino A, Jarjoura
D, Whittier FC 1994 Eosinophils in urine revisited.
Clin Nephrol 41: 163-166

[42] Lins RL, Verpooten GA, Clerck DS, DeBroe ME
1986 Urinary indices in acute interstitial nephritis.
Clin Nephrol 26: 131-133

[43] Wood BC, Sharma JN, Germann DR, Wood WG,
Crouch TT 1978 Gallium citrate Ga 67 imaging in
noninfectious interstitial nephritis. Arch Intern
Med 138: 1665-1666

[44] Graham GD, Lundy MM, Moreno AJ 1983 Failure
of Gallium-67 scintigraphy to identify reliably
noninfectious interstitial nephritis: concise com-
munication. J Nucl Med 24: 568-570

[45] Baldwin DS, Levine BB, McCluskey RT, Gallo GR
1968 Renal failure and interstitial nephritis due to
penicillin and methicillin. N Engl J Med 279:
1245-1252

[46] Gilbert DN, Gourley R, d’Agostino A, Goodnight
SH Jr, Worthen H 1970 Interstitial nephritis due to
methicillin, penicillin and ampicillin. Ann Allergy
28: 378-385

[47] Mansoor GA, Panner BJ, Ornt DB 1993 Az-
ithromycin-induced acute interstitial nephritis.
Ann Intern Med 119: 636-637

[48] Hill GS 1994 Tubulointerstitial nephritis and vas-
culitis. Curr Opin Nephrol Hypertens 3: 356-363

[49] Johnson JR 1991 Virulence factors in Escherichia
coli urinary tract infection. Clin Microbiol Rev 4:
80-128

[50] Fünfstück R, Tschape H, Stein G, Vollandt R,
Schneider S 1989 Virulence of Escherichia coli
strains in relation to their hemolysin formation,
mannose-resistant hemagglutination, hydroxy-
mate production, K-1 antigen and the plasmid pro-
file in patients with chronic pyelonephritis. Clin
Nephrol 32: 178-184

[51] Hall SE, Savill JS, Henson PM, Heslett C 1994
Apoptotic neutrophils are phagocytosed by fibro-
blasts with participation of the fibroblast vitro-
nectin receptor and involvement of a mannose/fu-
cose-specific lectin. J Immunol 153: 3218-3227

[52] Wilz SW, Kurnick JT, Pandolfi F, Rubin RH, Warren
HS, Goldstein R, Kersten CM, McCluskey RT 1993
T lymphocyte responses to antigens of gram-nega-
tive bacteria in pyelonephritis. Clin Immunol Im-
munopahtol 69: 36-42

[53] Rugo HS, O’Hanley P, Bishop AG, Pearce MK,
Abrams JS, Howard M, O’Garra A 1992 Local
cytokine production in a murine model of Es-
cherichia coli pyelonephritis. J Clin Invest 89:
1032-1039

[54] Kaneto H, Morrissey J, Klahr S 1993 Increased
expression of TGF-b1 mRNA in the obstructed
kidney of rats with unilateral ureteral ligation. Kid-
ney Int 44: 313-321

[55] Ransley PG, Risdon RA 1975 Renal papillary mor-
phology and intrarenal reflux in the young pig.
Urol Res 3: 105-109

[56] Fasth A, Bjure J, Hjälmas K, Jacobson B, Jodal U
1984 Serum autoantibodies to Tamm-Horsfall and
their relation to renal damage and glomerular fil-
tration rate in children with urinary tract malforma-
tion. Contrib Nephrol 39: 285-295

[57] Laberke HG, Bohle A 1980 Acute interstitial ne-
phritis: correlations between clinical and morpho-
logical findings. Clin Nephrol 14: 263-273

[58] Gohlke F, Wandel E, Christmann M, Meyer zum
Buschenfelde KH, Hermann E 1995 Tubulointer-
stitial nephritis-uveitis syndrome. Dtsch Med Wo-
chenschr 120: 753-757

[59] Stupp R, Mihatsch MJ, Matter L, Streuli RA 1990
Acute tubulo-interstitial nephritis with uveitis
(TINU syndrome) in a patient with serologic evi-
dence for Chlamydia infection. Klin Wochenschr
68: 971-975

[60] Vanhaesebrouck P, Carton D, Bel CD, Praet M,
Proesmans W 1985 Acute tubulo-interstitial ne-
phritis and uveitis syndrome (TINU syndrome).
Nephron 40: 418-422

[61] Laberke HG 1980 Treatment of acute interstitial
nephritis. Klin Wochenschr 58: 531-532

[62] Kelly CJ, Neilson EG 1995 Tubulointerstitial ne-
phritis. In: BB Brenner (ed.): The kidney (5 ed.).
WB Saunders Company, Philadelphia p. 1655-
1679

[63] Nguyen HT, Woodard JC 1980 Intranephronic cal-
culosis in rats: an ultrastructural study. Am J Pathol
100: 39-56

[64] Müller GA, Rodemann HP, Markovic-Lipkovski J,
Müller CA, Mackensen-Haen S, Bohle A 1991 Con-
sequences of tubulointerstitial changes on renal
function. In: GD’Amico, GColasantini (eds.): Issues
in nephrosciences: Dialysis strategies, interstitial in-
filtrates in glomerulonephritis, diabetic nephropathy.
Wichtig Editore, Milano p. 1062-1181

Chapter I - Clinical Nephrology and Hypertension

32



[65] Strutz F, Müller GA 1997 Renal fibrogenesis and
progression. In: EG Neilson, WC Couser (eds.):
Immunologic Renal Diseases. Lipincott-Raven,
Philadelphia, New York p. 705-726

[66] Eknoyan G, McDonald MA, Appel D, Truong LD
1990 Chronic tubulo-interstitial nephritis: Correla-
tion between structural and functional findings.
Kidney Int 38: 736-743

[67] Radonic M, Radosevic Z 1992 Clinical features of
Balkan endemic nephropathy. Food Chem Toxicol
3: 189-192

[68] Mason RS, Frankel T, Chan YL, Lissner D, Posen S
1984 Vitamin D conversion by sarcoid lymph node
homogenate. Ann Intern Med 100: 59-61

[69] Cruzado JM, Poveda R, Mana J, Carreras L, Car-
rera M, Grinyo JM, Alsina J 1995 Interstitial ne-
phritis in sarcoidosis: simultaneous multiorgan in-
volvement. Am J Kidney Dis 26: 947-951

[70] Lebacq E, Desmet V, Verhaegen H 1970 Renal
involvement in sarcoidosis. Postgrad Med 46: 526-
529

[71] McCurley T, Salter J, Glick A 1990 Renal insuffi-
ciency in sarcoidosis. A clinical and pathologic
study. Arch Pathol Lab Med 114: 488-492

[72] Muther RS, McCarron DA, Bennett WM 1981 Re-
nal manifestations of sarcoidosis. Arch Intern Med
141: 643-645

[73] Muther RS, McCarron DA, Bennett WM 1980
Granulomatous sarcoid nephritis: a cause of mul-
tiple renal tubular abnormalities. Clin Nephrol 14:
190-197

[74] Hannedouche T, Grateau G, Noel LH, Godin M,
Fillastre JP, Grünfeld JP, Jungers P 1990 Renal
granulomatous sarcoidosis: report of six cases.
Nephrol Dial Transplant 5: 18-24

[75] De Broe ME, Elseviers MM 1998 Analgesic neph-
ropathy. N Engl J Med 338: 446-452

[76] Gonwa TA, Hamilton RW, Buckalew VM Jr 1981
Chronic renal failure and end-stage renal disease
in northwest North Carolina. Importance of anal-
gesic-associated nephropathy. Arch Intern Med
141: 462-465

[77] Prescott LF 1982 Analgesic nephropathy: a reas-
sessment of the role of phenacetin and other anal-
gesics. Drugs 23: 75-149

[78] Elseviers MM, De Broe ME 1996 Combination
analgesic involvement in the pathogenesis of anal-
gesic nephropathy: the European perspective. Am
J Kidney Dis 28: S48-S55

[79] De Broe ME, Elseviers MM, Bengtsson U, Mi-
hatsch MJ, Molzahn M, Pommer W,Ritz E, Schwarz
A 1996 Analgesic nephropathy. Nephrol Dial
Transplant 11: 2407-2408

[80] Dubach UC, Rosner B, Pfister E 1983
Epidemiologic study of abuse of analgesics con-
taining phenacetin: renal morbidity and mortality
(1968-1979). N Engl J Med 308: 357-362

[81] Brunner FP, Selwood NH 1994 End-stage renal
failure due to analgesic nephropathy, its changing
pattern and cardiovascular mortality. EDTA-ERA
Registry Committee. Nephrol Dial Transplant 9:
1371-1376

[82] Stewart JH, McCredie M, Disney AP, Mathew TH
1994 Trends in incidence of end stage renal failure
in Australia, 1972-1991. Nephrol Dial Transplant
9: 1377-1382

[83] Gloor FJ 1978 Changing concepts in pathogenesis
and morphology of analgesic nephropathy as seen
in Europe. Kidney Int 13: 27-33

[84] Mihatsch MJ 1989 Analgetika-Nephropathie und
Harnwegstumoren. Z Urol Nephrol 82 (Suppl):
13-35

[85] Mihatsch MJ, Torhorst J, Amsler B, Zollinger HU
1978 Capillarosclerosis of the lower urinary tract
in analgesic (phenacetin) abuse. An electron-mi-
croscopic study. Virchows Arch A Pathol Pathol
Anat 381: 41-47

[86] McMurtry RJ, Snodgrass WR, Mitchell JR 1978
Renal necrosis, glutathione depletion, and covalent
binding after acetaminophen. Toxicol Appl Phar-
macol 46: 87-100

[87] Mudge GH, Gemborys MW, Duggin GG 1978 Co-
valent binding of metabolites of acetaminophen to
kidney protein and depletion of renal glutathione.
J Pharmacol Exp Ther 206: 218-226

[88] Duggin GG 1996 Combination analgesic-induced
kidney disease: the Australian experience. Am J
Kidney Dis 28 (1 Suppl 1): S39-S47

[89] Walker RJ, Duggin GG 1988 Drug nephrotoxicity.
Annu Rev Pharmacol Toxicol 28: 331-345

[90] Brezis M, Rosen SN, Epstein FH 1989 The patho-
physiological implications of medullary hypoxia.
Am J Kidney Dis 13: 253-258

[91] Blantz RC 1996 Acetaminophen: acute and chronic
effects on renal function. Am J Kidney Dis 28 (1
Suppl 1): S3-S6

[92] Porter GA 1996 Acetaminophen/aspirin mixtures:
experimental data. Am J Kidney Dis 28 (1 Suppl
1): S30-S33

[93] Lornoy W, Becaus S, de Vleeschouwer M, Morelle
V, Fonteyne E, Thienpoint L, Mestdagh J 1986
Renal cell carcinoma, a new complication of anal-
gesic nephropathy. Lancet 1: 1271-1272

[94] McCredie M, Stewart JH, Carter JJ, Turner J,
Mahony JF 1986 Phenacetin and papillary ne-
crosis: independent risk factors for renal pelvic
cancer. Kidney Int 30: 81-84

I.1
0

10  Fiedler, Becker and Müller  - Tubulointerstitial and Vascular Diseases

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-10 33



[95] Nanra RS, Stuart-Taylor J, de Leon AH, White KH
1978 Analgesic nephropathy: etiology, clinical
syndrome, and clinicopathologic correlations in
Australia. Kidney Int 13: 79-92

[96] Duggan JM 1994 The analgesic syndrome. Aust N
Z J Med 4: 365-372

[97] Elseviers MM, De Schepper A, Corthouts R, Bos-
mans JL, Cosyn L, Lins RL, Lornoy W, Matthys E,
Roose R, Van Caesbroeck D et al 1995 High diag-
nostic performance of CT scan for analgesic neph-
ropathy in patients with incipient to severe renal
failure. Kidney Int 48: 1316-1323

[98] Elseviers MM, Waller I, Nenoy D, Levora J,
Matousovic K, Tanquerel T, Pommer W, Schwarz
A, Keller E, Thieler H 1995 Evaluation of diag-
nostic criteria for analgesic nephropathy in pa-
tients with end-stage renal failure: results of
the ANNE study. Analgesic Nephropathy Net-
work of Europe. Nephrol Dial Transplant 10: 808-
814

[99] Hauser AC, Derfler K, Balcke P 1991 Progression
of renal insufficiency in analgesic nephropathy:
Impact of continuous drug abuse. J Clin Epidemol
44: 53-56

[100] Swindle P, Falk M, Rigby R, Petrie J, Hawley C,
Nicol D 1998 Transitional cell carcinoma in renal
transplant recipients: the influence of compound
analgesics. Br J Urol 81: 229-233

[101] Kliem V, Thon W, Krautzig S, Kolditz M, Behrend
M, Pichlmayr R, Koch KM, Frei U, Brunkhorst R
1996 High mortality from urothelial carcinoma
despite regular tumor screening in patients with
analgesic nephropathy after renal transplantation.
Transpl Int 9: 231-235

[102] Sanders PW 1994 Pathogenesis and treatment
of myeloma kidney. J Lab Clin Med 124:
484-488

[103] Sedmak DD, Tubbs RR 1987 The macrophagic
origin of multinucleated giant cells in myeloma
kidney: an immunohistologic study. Hum Pathol
18: 304-306

[104] Cohen AH, Border WA 1980 Myeloma kidney. An
immunomorphogenetic study of renal biopsies.
Lab Invest 42: 248-256

[105] Sanders PW, Herrera GA, Lott RL, Galla JH 1988
Morphologic alterations of the proximal tubules in
light chain-related renal disease. Kidney Int 33:
881-889

[106] Koss MN, Pirani CL, Osserman EF 1976 Experi-
mental Bence Jones cast nephropathy. Lab Invest
34: 579-591

[107] Solomon A, Weiss DT, Kattine AA 1991 Nephro-
toxic potential of Bence Jones proteins. N Engl J
Med 324: 1845-1851

[108] Batuman V, Dreisbach AW, Cyran J 1990 Light-
chain binding sites on renal brush border mem-
branes. Am J Physiol 258 (5 Pt 2): F1259-F1265

[109] Kyle RA 1975 Multiple myeloma: review of 869
cases. Mayo Clin Proc 50: 29-40

[110] Sanders PW, Herrera GA, Chen A, Booker BB,
Galla JH 1988 Differential nephrotoxicity of low
molecular weight proteins including Bence-Jones
proteins in the perfused rat nephron in vivo. J Clin
Invest 82: 2086-2096

[111] Hoyer JR, Seiler MW 1979 Pathophysiology of
Tamm-Horsfall protein. Kidney Int 16:279-289

[112] Sanders PW, Booker BB 1992 Pathobiology of cast
nephropathy from human Bence Jones protein. J
Clin Invest 89: 630-639

[113] Clyne DH, Pesce AJ, Thompson RE 1979 Nephro-
toxicity of Bence Jones proteins in the rat: impor-
tance of protein isoelectric point. Kidney Int 16:
345-352

[114] Holland MD, Galla JH, Sanders PW, Luke RG
1985 Effect of urinary pH and diatrizoate on Bence
Jones protein nephrotoxicity in the rat. Kidney Int
27: 46-50

[115] Sanders PW, Booker BB, Bishop JB, Cheung HC
1990 Mechanisms of intranephronal proteinaceous
cast formation by low molecular weight proteins.
J Clin Invest 85: 570-576

[116] Huang ZQ, Kirk KA, Connelly KG, Sanders PW
1993 Bence Jones proteins bind to a common pep-
tide segment of Tamm-Horsfall glycoprotein to
promote heterotypic aggregation. J Clin Invest 92:
2975-2983

[117] Cohen DJ, Sherman WH, Osserman EF, Appel GB
1984 Acute renal failure in patients with multiple
myeloma. Am J Med 76: 247-256

[118] Coward RA, Mallick NP, Delamore IW 1985 Tubu-
lar function in multiple myeloma. Clin Nephrol 24:
180-185

[119] De Fronzo RA, Cooke CR, Wright JR, Humphrey
RL 1978 Renal function in patients with multiple
myeloma. Medicine 57: 151-166

[120] Iggo N, Parsons V 1990 Renal disease in multiple
myeloma: Current perspectives. Nephron 56: 229-
233

[121] Johnson WJ, Kyle RA, Pineda AA, O’Brien PC,
Holley KE 1990 Treatment of renal failure associ-
ated with multiple myeloma. Plasmapheresis,
hemodialysis, and chemotherapy. Arch Intern Med
150: 863-869

[122] Zucchelli P, Pasquali S, Cagnoli L, Ferrari G 1988
Controlled plasma exchange trial in acute renal
failure due to multiple myeloma. Kidney Int 33:
1175-1180

Chapter I - Clinical Nephrology and Hypertension

34



[123] Dagher F, Sammett D, Abbi R, Tomasula JR, De-
laney V, Butt KM 1996 Renal transplantation in
multiple myeloma. Case report and review of the
literature. Transplantation 62: 1577-1580

[124] Spence RK, Hill GS, Goldwein MI, Grossman RA,
Barker CF, Perloff LJ 1979 Renal transplantation
for end-stage myeloma kidney: report of a patient
with long-term survival. Arch Surg 114: 950-952

[125] Walker F, Bear RA 1983 Renal transplantation in
light-chain multiple myeloma. Am J Nephrol 3:
34-37

[126] Yu TF, Berger L 1982 Impaired renal function in
gout: its association in hypertensive vascular dis-
ease and intrinsic renal disease. Am J Med 72:
95-100

[127] Star VL, Hochberg MC 1993 Prevention and man-
agement of gout. Drugs 45: 212-222

[128] Batuman, V, Maesaka JK, Haddad B, Tepper E,
Landy E, Wedeen RP 1981 The role of lead in gout
nephropathy. N Engl J Med 304: 520-523

[129] Wedeen RP 1997 Occupational and environmental
renal disease. Semin Nephrol 17:46-53

[130] Staessen JA, Lauwerys RR, Buchet J-P, Bulpitt CJ,
Rondia D, Vanrenterghem Y, Amery A 1979 Impair-
ment of renal function with increasing blood lead
concentrations in the general population. The Cad-
mibel Study Group. N Engl J Med 327: 151-156

[131] Cramer K, Goyer RA, Jagenburg R, Wilson MH
1974 Renal ultrastructure, renal function, and
parameters of lead toxicity in workers with differ-
ent periods of lead exposure. Br J Ind Med 31:
113-127

[132] Emmerson BT 1973 Chronic lead nephropathy.
Kidney Int 4: 1-5

[133] Craswell PW, Price J, Boyle PD, Heazlewood VJ,
Baddeley H, Lloyd HM, Thomas BJ, Thomas BW
1984 Chronic renal failure with gout: a marker of
chronic lead poisoning. Kidney Int 26: 319-323

[134] Wedeen RP, Malik DK, Batuman V 1979 Detection
and treatment of occupational lead nephropathy.
Arch Int Med 139: 53-57

[135] Nogawa K 1984 Biologic indicators of cadmium
nephrotoxicity in persons with low level cadmium
exposure. Environ Health Perspect 54: 163-169

[136] Wedeen RP 1991 Environmental renal disease:
lead, cadmium and Balkan endemic nephropathy.
Kidney Int 40: S4-S8

[137] Beck N, Singh H, Reed SW, Murdaugh HV, Davis
BB 1974 Pathogenic role of cyclic AMP in the
impairment of urinary concentrating ability in
acute hypercalcemia. J Clin Invest 54: 1049-1055

[138] Humes HD, Ichikawa I, Troy JL, Brenner BM 1978
Evidence for a parathyroid hormone-dependent in-

fluence of calcium on the glomerular ultrafiltration
coefficient. J Clin Invest 61: 32-40

[139] Ganote CE, Philipsborn DS, Chen E, Carone FA
1975 Acute calcium nephrotoxicity. An electron
microscopical and semiquantitative light micro-
scopical study. Arch Pathol 99: 650-657

[140] Tolins JP, Hostetter MK, Hostetter TH 1987 Hy-
pokalemic nephropathy in the rat. Role of ammonia
in chronic tubular injury. J Clin Invest 79: 1447-
1458

[141] Kemper MJ, Conrad S, Müller-Wiefel DE 1997
Primary hyperoxaluria type 2. Eur J Pediatr 156:
509-512

[142] Williams HE 1978 Oxalic acid and the hyperoxalu-
ric syndromes. Kidney Int 13: 410-417

[143] Bensman A, Legrendre C, Palomera S, Thervet E,
Kreis H 1996 How to treat primary oxalosis. Neph-
rol Dial Transplant 11: 394-395

[144] Broyer M, Jouvet P, Niaudet P, Daudon M, Revillon
Y 1996 Management of oxalosis. Kidney Int Suppl
53: S93-S98

[145] Gueven N 1998, Dittmann K, Mayer C, Rodemann
HP. Bowman-Birk protease inhibitor reduces the
radiation-induced activation of the EGF receptor
and induces tyrosine phosphatase activity. Int J
Radiat Biol 73: 157-162

[146] Rodemann HP, Bamberg M 1995 Cellular basis of
radiation-induced fibrosis. Radiother Oncol 35:
83-90

[147] Cohen EP, A Molteni, P Hill, BL Fish, WF M Ward,
JE, FA Carone 1996 Captopril preserves function
and ultrastructure in experimental radiation neph-
ropathy. Lab Invest 75: 349-360

[148] Maschio G, Alberti D, Janin G, Locatelli F, Mann
JF, Motolese M, Ponticelli C, Ritz E, Zucchelli P
1996 Effect of the angiotensin-converting-enzyme
inhibitor benazepril on the progression of chronic
renal insufficiency. N Engl J Med 334: 939-945

[149] Ishidoya S, J Morrissey, R McCracken, A Reyes, S
Klahr 1995 Angiotensin II receptor antagonist
ameliorates renal tubulointerstitial fibrosis caused
by unilateral ureteral obstruction. Kidney Int 47:
1285-1294

[150] Lewis E J, Hunsicker LG, Bain RP, Rohde RD 1993
The effect of angiotensin-converting-enzyme inhi-
bition on diabetic nephropathy. N Engl J Med 329:
1456-1462

[151] Brenner BM, Meyer TW, Hostetter TH 1982 Die-
tary protein intake and the progressive nature of
kidney disease: the role of hemodynamically me-
diated glomerular injury in the pathogenesis of
progressive glomerular sclerosis in aging, renal
ablation, and intrinsic renal disease. N Engl J Med
307: 652-659

I.1
0

10  Fiedler, Becker and Müller  - Tubulointerstitial and Vascular Diseases

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-10 35



[152] Klahr S 1993 Low-protein diets and angiotensin-
converting enzyme inhibition in progressive renal
failure. Am J Kidney Dis 22: 114-119

[153] Zeller K, Whittaker E, Sullivan L, Raskin P, Jacob-
son HR 1991 Effect of restricting dietary protein
on the progression of renal failure in patients with
insulin-dependent diabetes mellitus. N Engl J Med
324: 78-84

[154] Fu GY, Candela RJ, Mishkind M, Obarski T,
Yakubov SJ 1994 Bilateral renal artery occlusion:
an unusual presentation of atrial fibrillation and
hypertrophic cardiomyopathy. Clin Cardiol 17:
631-633

[155] Hoxie HJ, Coggin CB 1940 Renal infarction: Sta-
tistical study of two hundred and five cases and
detailed report of an unusual case. Arch Intern Med
65: 587

[156] Morris D, Kisly A, Stoyka CG, Provenzano R 1993
Spontaneous bilateral renal artery occlusion asso-
ciated with chronic atrial fibrillation. Clin Nephrol
39: 257-259

[157] Gill TJ, Dammin GJ 1958 Paradoxical embolism
with renal failure caused by occlusion of renal
arteries. Am J Med 25: 780

[158] Martin DC 1980 Renal artery aneurysm with pe-
ripheral embolization of kidney. Urology 15: 590-
591

[159] Peterson NE, McDonald DF 1968 Renal emboli-
zation. J Urol 100: 140

[160] Morrow I, Amplatz K 1968 Embolic occlusion of
the renal artery during aortography. Radiology 86:
57-59

[161] Campbell JP, Lane PW 1992 Spontaneous renal
artery thrombosis associated with altered mental
status. Ann Emerg Med 21: 1505-1507

[162] Dinchman KH, Spirnak JP 1995 Traumatic renal
artery thrombosis: evaluation and treatment. Semin
Urol 13: 90-93

[163] Hannedouche T, Godin M, Fries D, Fillastre JP
1991 Acute renal thrombosis induced by angio-
tensin-converting enzyme inhibitors in patients
with renovascular hypertension. Nephron 57: 230-
231

[164] Kothari SS, Sharma S, Sharma M, Saxena A 1997
Enalapril-induced renal artery thrombosis in uni-
lateral renal artery stenosis. Indian Heart J 49:
192-194

[165] Williams PS, Hendy MS, Ackrill P 1984 Captopril-
induced acute renal artery thrombosis and persist-
ent anuria in a patient with documented pre-exist-
ing renal artery stenosis and renal failure. Postgrad
Med J 60: 561-563

[166] Chagnac A, Zevin D, Weinstein T, Gafter U, Korzets
A, Levi J 1990 Erythrocytosis associated with renal

artery thrombosis in a patient with polycystic kid-
ney disease on hemodialysis. Acta Haematol 84:
40-42

[167] Le Moine A, Chauveau D, Grünfeld JP 1996 Acute
renal artery thrombosis associated with factor V
Leiden mutation. Nephrol Dial Transplant 11:
2067-2069

[168] Ostuni PA, Lazzarin P, Pengo V, Ruffatti A, Schia-
von F, Gambari P 1990 Renal artery thrombosis
and hypertension in a 13 year old girl with an-
tiphospholipid syndrome. Ann Rheum Dis49: 184-
187

[169] Samara EN, Voss BL, Pederson JA 1988 Renal
artery thrombosis associated with elevated cy-
closporine levels: a case report and review of the
literature. Transplant Proc 20: 119-123

[170] Lessman RK, Johnson SF, Coburn JW, Kaufman JJ
1978 Renal artery embolism: clinical features and
long-term follow-up of 17 cases. Ann Intern Med
89: 477-482

[171] Soussou ID, Starr DS, Lawrie GM, Morris GC Jr
1979 Renal artery aneurysm. Long term relief of
renovascular hypertension by in situ operative cor-
rection. Arch Surg 114: 1410-1415

[172] Blakely P, Cosby RL, McDonald BR 1994 Nephritic
urinary sediment in embolic renal infarction. Clin
Nephrol 42: 401-403

[173] Gault MH, Steiner G 1965 Serum and urinary
enzyme activity after renal infarction. Can Med
Assoc J 93: 1101-1105

[174] von Knorring J, Fyhrquist F, Ahonen J, Lindfors O,
von Bonsdorff M 1976 Renin/angiotensin system
in hypertension after traumatic renal-artery throm-
bosis. Lancet I: (7966) 934-936

[175] Barber-Riley P, Patel AS 1981 Ultrasonic demon-
stration of renal artery thrombosis. Br J Radiol 54:
351-352

[176] Ishikawa I, Masuzaki S, Saito T, Yuri T, Shinoda
A, Tsujigiwa M 1989 Magnetic resonance imaging
in renal infarction and ischemia. Nephron 51: 99-
102

[177] Klink BK, Sutherin S, Heyse P, McCarthy MC 1992
Traumatic bilateral renal artery thrombosis diag-
nosed by computed tomography with successful
revascularization: case report. J Trauma 32: 259-
262

[178] Sanders RC, Menon S, Sanders AD 1978 The com-
plementary uses of nuclear medicine and ultra-
sound in the kidney. J Urol 120: 521-527

[179] Tranquart F, Pourcelot D, Lebranchu Y, Groussin
P, Arbeille P, Bagros P, Pourcelot L 1990 The
contribution of color-coded Doppler in early vas-
cular complications of kidney transplantation. Ann
Radiol 33: 149-152

Chapter I - Clinical Nephrology and Hypertension

36



[180] Boisclair C, Therasse E, Oliva VL, Soulez G, Bui
BT, Querin S, Robillard P 1997 Treatment of renal
angioplasty failure by percutaneous renal artery
stenting with Palmaz stents: midterm technical and
clinical results. Am J Roentgenol 168: 245-251

[181] Maxwell DD, Mispireta LA 1982 Transfemoral renal
artery embolectomy. Radiology 143: 653-654

[182] Nicholas GG, DeMuth WE Jr 1984 Treatment of
renal artery embolism. Arch Surg 119: 278-281

[183] Brunetti DR, Sasaki TM, Friedlander G, Edson M,
Harviel JD, Adams WD, Ghaseiman R, Cabellon S
Jr 1994 Successful renal autotransplantation in a
patient with bilateral renal artery thrombosis. Urol-
ogy 43: 235-237

[184] Hust MH, Braun B, Horn HJ 1992 Local lysis
therapy in renal artery thrombosis. Dtsch Med
Wochenschr 117: 1739

[185] Pineo GF, Thorndyke WC, Steed BL 1987 Sponta-
neous renal artery thrombosis: successful lysis
with streptokinase. J Urol 138: 1223-1225

[186] Cosby RL, Miller PD, Schrier RW 1986 Traumatic
renal artery thrombosis. Am J Med 81: 890-894

[187] Dardik A, Ballermann BJ, Williams GM 1998 Suc-
cessful delayed bilateral renal revascularization
during active phase of Takayasu’s arteritis. J Vasc
Surg 27: 552-554

[188] Pontremoli R, Rampoldi V, Morbidelli A, Fiorini F,
Ranise A, Garibotto G 1990 Acute renal failure due
to acute bilateral renal artery thrombosis: success-
ful surgical revascularization after prolonged
anuria. Nephron 56: 322-324

[189] Cross SS 1991 How common is cholesterol embo-
lism? J Clin Path 44: 859-861

[190] Fine MJ, Kapoor W, Falanga V 1987 Cholesterol
crystal embolization: a review of 221 cases in the
English literature. Angiology 38: 769-784

[191] Smith MC, Ghose MK, Henry AR 1981 The clinical
spectrum of renal cholesterol embolization. Am J
Med 71: 174-ff

[192] Saleem S, Lakkis FG, Martinez-Maldonado M
1996 Atheroembolic renal disease. Semin Nephrol
16: 309-318

[193] Cabili S, I Hochman, Y Goor 1993 Reversal of
gangrenous lesions in the blue toe syndrome with
lovastatin – a case report. Angiology 44: 821-825

[194] Radauceanu A, Avignon A, Ribstein J, Monnier L
1998 Use of a prostacyclin analogue in cholesterol
crystal embolism. Diabet Med 15: 262-263

[195] Rhodes JM 1996 Cholesterol crystal embolism: an
important “new” diagnosis for the general physi-
cian. Lancet 347: 1641

[196] Blankenship JC, Butler M, Garbes A 1995 Prospec-
tive assessment of cholesterol embolization in pa-

tients with acute myocardial infarction treated with
thrombolytic vs. conservative therapy. Chest 107:
662-668

[197] Albitar S, Genin R, Serveaux MO, Jacquesson M,
Jean-Louis P 1996 Renal vein thrombosis and con-
stitutional protein S deficiency. Rev Med Interne
17: 746-748

[198] Mamzer-Bruneel MF, Anglicheau D, Correas JM,
Skhiri H, Jacobs F, Chretien Y, Legendre C, Kreis
H 1997 Renal venous thrombosis: a forgotten com-
plication of acute pyelonephritis. Presse Med 26:
1334-1336

[199] Asherson RA, Buchanan N, Baguley E, Hughes GR
1993 Postpartum bilateral renal vein thrombosis in
the primary antiphospholipid syndrome. J Rheu-
matol 20: 874-876

[200] Ko WS, Lim PS, Sung YP 1995 Renal vein throm-
bosis as first clinical manifestation of the primary
antiphospholipid syndrome. Nephrol Dial Trans-
plant 10: 1929-1931

[201] Rayer PR 1840 Traite des maladies des reins et des
alterations de la secretions urinaire. JB Bailiere,
Paris p. 590-599

[202] Harris RC, Ismail N 1994 Extrarenal complica-
tions of the nephrotic syndrome. Am J Kidney Dis
23: 477-497

[203] Orth SR, Ritz E 1998 The nephrotic syndrome. N
Engl J Med 338: 1202-1211

[204] Zucchelli P 1992 Renal vein thrombosis. Nephrol
Dial Transplant Suppl 1: 105-108

[205] Llach F, Koffler A, Massry SG 1977 Renal vein
thrombosis and the nephrotic syndrome. Nephron
19: 65-68

[206] Bernard DB 1988 Extrarenal complications of the
nephrotic syndrome. Kidney Int 33:1184-1202

[207] Robert A, Olmer M, Sampol J, Gugliotta JE, Casa-
nova P 1987 Clinical correlation between hyperco-
agulability and thromboembolic phenomena. Kid-
ney Int 31: 830-835

[208] Schieppati A, Dodesini P, Benigni A, Massazza M,
Mecca G, Remuzzi G, Livio M, DeGaetano M,
Rossi EC 1984 The metabolism of arachidonic acid
by platelets in nephrotic syndrome. Kidney Int 25:
671-676

[209] Llach F, Papper S, Massry SG 1980 The clinical
spectrum of renal vein thrombosis: acute and
chronic. Am J Med 69: 819-827

[210] Rostoker G, Texier JP, Jeandel B, Rahmouni A,
Mathieu D, Gouault-Heilmann M, Vasile N, La-
grue G, Weil B 1992 Asymptomatic renal-vein
thrombosis in adult nephrotic syndrome ultra-
sonography and urinary fibrin-fibrinogen prod-
ucts: a prospective study. Eur J Med 1: 19-22

I.1
0

10  Fiedler, Becker and Müller  - Tubulointerstitial and Vascular Diseases

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-10 37



[211] Brown DF, Rosen CL, Wolfe RE 1997 Renal ultra-
sonography. Emerg Med Clin North Am 15: 877-
893

[212] Helenon O, Melki P, Correas JM, Boyer JC,
Moreau JF 1997 Renovascular disease: Doppler
ultrasound. Semin Ultrasound CT MR 18: 136-146

[213] Gatewood OM, Fishman EK, Burrow CR, Walker
WG, Goldman SM, Siegelman SS 1986 Renal vein
thrombosis in patients with nephrotic syndrome:
CT diagnosis. Radiology 159: 117-122

[214] Kanagasundaram NS, Bandyopadhyay D, Brown-
john AM, Meaney JF 1998 The diagnosis of renal
vein thrombosis by magnetic resonance angiogra-
phy. Nephrol Dial Transplant 13: 200-202

[215] Said R, Hamzeh Y 1991 Digital subtraction venog-
raphy in the diagnosis of renal vein thrombosis. Am
J Nephrol 11: 305-308

[216] Ross DL, Lubowitz H 1978 Anticoagulation in renal
vein thrombosis. Arch Intern Med 138: 1349-1351

[217] Briefel GR, Manis T, Gordon DH, Nicastri AD,
Friedman EA 1978 Recurrent renal vein thrombo-
sis consequent to membranous glomerulonephritis.
Clin Nephrol 10: 32-37

[218] Duffy JL, Letteri J, Clinque T, Hsu PP, Molho L,
Churg J 1973 Renal vein thrombosis and the neph-
rotic syndrome. Report of two cases with success-
ful treatment of one. Am J Med 54: 663-672

[219] Pollak VE, Pirani CL, Seskind S, Griffel B 1966
Bilateral renal vein thrombosis. Clinical and elec-

tron microscopic studies of a case with complete
recovery after anticoagulant therapy. Ann Intern
Med 65: 1056-1071

[220] Hambrecht R, Fiehn E, Schuler G, Bode C, An-
drassy K, Kubler W 1993 Successful lysis therapy
in acute unilateral renal vein thrombosis. Dtsch
Med Wochenschr 118: 1803-1806

[221] Markowitz GS, Brignol F, Burns ER, Koenigsberg
M, Folkert VW 1995 Renal vein thrombosis treated
with thrombolytic therapy: case report and brief
review. Am J Kidney Dis 25: 801-806

[222] Schwieger J, Reiss R, Cohen JL, Adler L, Makoff D
1993 Acute renal allograft dysfunction in the set-
ting of deep venous thrombosis: a case of success-
ful urokinase thrombolysis and a review of the
literature. Am J Kidney Dis 22: 345-350

[223] Funami M, Takaba T, Tanaka H, Murakami A,
Kadokura M, Hori G, Ishii J 1988 Treatment of
renal vein thrombosis associated with nephrotic
syndrome. Nippon Geka Gakkai Zasshi 89: 952-
956

[224] Sarasin FP, Schifferli JA 1994 Prophylactic oral
anticoagulation in nephrotic patients with idi-
opathic membranous nephropathy. Kidney Int 45:
578-585

[225] Bellomo R, Atkins RC 1993 Membranous neph-
ropathy and thromboembolism: is prophylactic an-
ticoagulation warranted? Nephron 63: 249-254

Chapter I - Clinical Nephrology and Hypertension

38


