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I. Introduction 

Inflammatory disorders of the kidney are a common cause of 

acute renal failure. Every internist is aware that acute 

glomerulonephritis may cause oliguric renal failure with its 

attendant cardiovascular consequences such as hypertension and 

peripheral as well as pulmonary edema. It is less well appreciated 

that acute inflammation of the interstitium and tubules is also a 

cause of acute olig,uric renal failure. In fact, clinically acute 

interstitial nephritis can mimic acute glomerulonephrit i s since 

both entities may be characterized by marked reduction in 

glomerular filtration rate, hematuria, proteinuria, oliguria, and 

hypertension . The first description of acute tubulointerst i tial 

nephritis (or ATIN) was made in 1898 by Councilman who observed the 

lesion in autopsied patients with renal failure who died of 

.. bacterial sepsis (1). He npted that severe interstitial nephritis 

was present despite the absence of bacterial invasion of the 

kidneys. This lesion was later appreciated by investigators in the 

1930s and 1940s who also recognized interstit~al inflammat i on as 

a cause of acute renal failure in the same setting (2,3). It is 

now known that acute tubulointerstitial nephritis (ATIN) can be 

caused by a vast array of injurious agents including infections, 

toxins, immunologic disorders, chemicals, and most importantly, 

therapeutic drugs. Drug-induced ATIN has become an increasingly 

important cause of acute renal failure in medicine today. The 

diagnosis can be difficult and challenging on clinical findings 
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alone and renal biopsy remains the definitive test. I will focus 

on the drug-induced or drug hypersensitivity (as it is sometimes 

called) form of the disease since it is a well established cause 

of ATIN, it is a relatively common cause of ATIN and it is a 

reversible cause of renal failure in nearly all cases. 

This protocol will be divided into three sections. The first 

will give a general introduction to ATIN including etiology and 

classification. The second will discuss the pathogenesis and 

pathophysiology of non-infection related forms of·ATIN. The third 

section will focus on the clinical presentation of ATIN with heavy 

emphasis on the drug-induced form of the disease. 

II. Definition 

Acute tubulointerstitial nephritis is an acute inflammatory 

disease involving the renal tubules and interstitium. Glomeruli 

. and vessels are generally .spared. It can be caused by many 

injurious agents and usually presents with a combination of subtle 

tubular functional defects, acute renal failure or a combination 

of the two. In some patients neither of these derangements is 

manifest, rather fever, rash, proteinuria, hematuria, and pyuria 

are the only abnormalities. 

III. Etiology 

There are four major etiologic groupings of acute TIN: 1) 

acute infectious pyelonephritis, 2) immunologic, including drug 

toxicity, 3) non-specific (associated with infection) and 4) 
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idiopathic. 

Acute bacterial pyelonephritis is characterized by bacterial 

invasion of the kidney with acute inflammation predominantly 

located in the renal medullary interstitium. The inflammatory 

infiltrate is largely composed of neutrophils with an occasional 

lymphocyte. 

In contrast, drug-induced acute TIN is characterized by 

cortical and medullary interstitial inflammation and is of t en 

associated with both tubular dysfunction and severe acute renal 

failure, sometimes of the oliguric variety. The inflammatory 

infiltrate in this situation is largely composed of mononuclear 

phagocytes, lymphocytes, plasma cells, and sometimes eosinophils . 

Furthermore, drug-induced nephritis is commonly associated with 

rash, arthralgias, and eosinophilia. 

ATIN associated with systemic infections has been recognized 

since the late 19th century and therefore before the introduction 

of antibiotics and other drugs commonly associated with ATIN (1-

3). A wide variety of systemic bacterial, mycoplasmal, 

rickettsial, spirochetal, and viral infections have been associated 

with ATIN (4-10). This form of ATIN is distinguished from 

bacterial pyelonephritis by the fact that intact organisms are not 

detectable by routine studies. However, in many of these instances 

antigenic material from the etiologic agent has been found in the 

renal interstitium (by immunofluorescent techniques) in association 

with mononuclear inflammatory infiltrates. 

Idiopathic ATIN was first described by Chazan et al (11) in 
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patients with acute renal failure who presented with either non-

specific prodromal symptoms or overt uremic symptoms. Most 

patients with this form of ATIN do not demonstrate symptoms or 

signs observed with drug-induced hypersensitivity ATIN such as 

arthralgia, fever, eosinophilia, or rash (12). 

IV. Classification 

Tubulointerstitial nephritis may be classified according to 

the duration of the disease as either acute or chronic. 

Chronic tubulointerstitial nephritis (or CTIN) will not be 

discussed in detail here but a brief description of the categories 

of disease that can cause CTIN will be undertaken for the purpose 

of distinguishing it from ATIN. It is noteworthy that the 

fundamental difference between these two lesions from a pathologic 

standpoint is the presence of interstitital fibrosis in CTIN versus 

.interstitial edema in ATIN. · From a clinical standpoint ATIN is a 

potentially reversible lesion whereas CTIN is not. 

Acute TIN. Acute TIN may be classified on the basis of 

etiology into three separate categories as listed in Table I below. 

It is important to mention that ATIN is usually abrupt in onset and 

frequently (but not always) the lesion is totally reversible. When 

the underlying etiology is known and appropriate therapy is 

instituted, complete recovery is usual as is the case with the 

drug-induced and infection-related forms. 
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A. Immune Mediated 

1. Drug Induced 

Drug-related ATIN has been best described in association with 

high dose intravenous methicillin therapy but may be observed with 

a long list of therapeutic agents (13). It typically develops in 

TABLE I 

Classification of Acute Tubulointerstitial Nephritis 

A. 

B. 

c. 

Immune mediated 
1. Drug induced 
2. Immunologic diseases 

a. With glomerulonephritis 
l) Anti-TBM antibody mediated 
2) Immune complex mediated 

b. Without glomerulonephritis 
Infection mediated 
1. Associated with infect i ous agent 

identified in the interst i tium 
2. Associated with systemic infection 

without infectious agent in the 
interstitium 

Idiopathic . 

hospitalized patients with serious infections (e.g., endocarditis). 

In many cases, systemic manifestations of hypersensitivity are seen 

including rash, fever, eosinophilia, etc. However, a long list of 

drugs are known to cause _the syndrome of ATIN with or without these 

systemic manifestations. Regardless of the type of drug, when 

renal failure occurs it is usually abrupt in onset, non-oligur i c 

and characterized by tubular dysfunction out of proportion to the 

reduction in GFR. The kidneys are generally normal sized or 

slightly enlarged. Histologically there is intense interstitial 
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edema, mononuclear infiltrates with a prominent eosinophilic 

component as well and tubular degeneration, predominantly noted in 

the cortical region of the kidney. A wide variety of drugs can 

cause this lesion but the penicillins are still the most common 

culprits (vide infra). This entity will be described in greater 

detail below. 

2. Immunologic Diseases 

A variety of immunological diseases that affect the kidney may 

cause acute TIN. These may be divided into two subcategories: 1) 

those with glomerulonephritis, and 2) those without 

glomerulonephritis. An example of the first category is systemic 

lupus erythematosis. Systemic lupus erythematosis is known to 

cause glomerulonephritis, but in some patients, an intense 

interstitial nephritis sufficient to cause major tubular 

.. dysfunction and renal failure may be the predominant component of 

their renal lesion ( 14). · Humoral mechanisms such as immune 

complexes and anti-TBM antibodies are thought to play a prominent 

role in the immunopathology of this disease. In some of these 

patients immune complex depositions have been localized to the 

tubular basement membrane. Acute transplant rejection is a good 

example of an immunologically mediated ATIN without 

glomerulonephritis (15,16). In this disorder cell mediated immune 

mechanisms rather than antibody mediated injury is thought to weigh 

most prominently in the pathogenesis. 

universally present in this form of ATIN. 
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B. Infection Mediated 

Infection related ATIN also takes on two forms. The first is 

due to bacterial invasion of the renal interstitium. In this form 

interstitial edema with a neutrophilic inflammatory infiltrate is 

prominent (17). The inflammation is noted to be focal rather than 

diffuse in most cases (18)~ It should be emphasized that acute 

renal failure and tubular dysfunction syndromes are exceedingly 

rare in this form of ATIN. In addition to bacterial pyelonephritis 

a variety of fungal, viral, rickettsial and other infectious agents 

may also invade the interstitium causing ATIN. Second is ATIN 

associated with systemic infections in which there is no evidence 

of parenchymal invasion by intact organisms. The pathogenesis of 

this entity is unknown; however, in some instances an 

immunol"ogically-mediated mechanism has been suggested on the basis 

.of identification of antigenic determinants of the infectious agent 

deposited in the interstitium at the tubular basement membranes. 

C~ Id.i,opathic 

A number of cases of ATIN have been described in which no 

discernible agent can be identified (11). This form of ATIN is 

associated with some degree of acute renal failure and is usually 

reversible. At the present time, it can only be distinguished from 

the above caus~s by exclusipn of infection, drug-ingestion, or 

underlying immune disease. Various potential etiologies have been 

cited in this category including immune mediated diseases (12,19). 
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It appears that this category of ATIN represents a heterogenous 

group from the standpoint of etiology. For example, a few cases 

have been reported in which immunofluorescence studies demonstrate 

anti-tubular basement membrane (anti-TBM) antibodies (20,21), or 

eosinophilia and elevated serum IgE levels (22). Some of these 

patients also have ATIN associated with glomerular injury, 

including membraneous lesions (21). Still other cases have been 

reported in association with granulomatous infiltrates in the bone 

marrow and uveal tract (23,24). No uniform presentation· or 

specific characteristic distinguishes this form from other forms 

of ATIN. In all probability, severa l differen t injurio us agents 

can cause ATIN without leaving a clue as to their origin. 

Chronic TIN 

In contrast to ATIN, chronic TIN (CTIN) is usually insidious 

. in onset. Approximately one-third of patients with ESRD have a 

primary tubulointerstitial nephritis as the cause (25). Inasmuch 

as some forms of CTIN are preventable it seems prudent to identify 

these patients as early as possible so that prevention can be 

instituted. The etiologic spectrum of CTIN is very broad, as shown 

in Table II. It should be noted, however, that infections, 

obstructive, immunologic, and toxic mechanisms account for the 

majority of cases of CTIN. I would like to make three brief points 

conce~ning CTIN before dismissing it and going on to ATIN. 

First, chronic bacterial pyelonephritis was previously thought 

to be the sole cause of CTIN. We now understand that whereas 
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chronic infection can cause CTIN leading to ESRD, it is only one 

of many diseases that can cause this lesion. Moreover, chronic 

bacterial infection is most often observed in conjunction with 

obstruction or vesicoureteral reflux. Clearly many forms of non-

infectious chronic TIN have been recognized over the past 20 years 

TABLE II 

Classification of Chronic Tubulointerstitial Nephritis 

I. Bacterial 
·vesicoureteral reflux 
obstruction 
tuberculosis 

II. Drug-related 
acetaminophen 
lithium 

IIr. Metabolic 
hypercalcemia 
hyperuricemia 
hyperoxaluria 

IV. Heavy Metal-related 
lead 

v. 
VI. 

VII. 

VIII. 

XI. 

cadmium 
mercury . 

Urinary obstruction 
Immunologic · 

Associated with glomerulonephritis 
SLE 
anti-GEM 
cryoglobulinemia 

Not associated with glomerulonephritis 
Sjogren's, 
transplant rejection 
chronic active hepatitis 

Neoplastic 
multiple myeloma 
leukemia 
lymphoma 

Hereditary 
Alpert's syndrome 
medullary cystic disease 

Miscellaneous 
Balkan nephropathy 
sarcoidosis 
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thus chronic pyelonephritis due to infection should be considered 

as a subclass of CTIN. Second, as mentioned earlier, regardless 

of the cause of chronic TIN the major pathologic ~inding in the 

kidney is interstitial fibrosis (26). Dense fibrosis accompanied 

by chronic inflammatory cell infiltrates is observed throughout the 

cortex and medulla. Thus, there is no possibility of restoration 

of architecture or function ih this condition. 

Third, it should be emphasized that there are some forms of 

ATIN that,_ despite efforts to reverse the disease, become chronic 

resulting in ESRD. Examples of these include irrununologically-

mediated diseases such as SLE (.27-29), anti-GBM 

n~phropathies (27,28) and transplant rejection (30,31). 

related 

For a 

comprehensive review of chronic tubulointerstitial disease the 

reader may refer to references 25 and 26. 

I will now discuss the pathogenesis, pathology and 

pathophysiology of ATIN emphasizing the role of the irrunune system 

and its relation to drug-induced ATIN. ATlN associated with 

infections will not be further discussed. 

v. Pathogenesis 

Nephritis 

of Drug-Induced Acute Tubulointerstitial 

Clearly the pathogenesis of ATIN depends upon the responsible 

etiologic agent. At this time it is important to distinguish 

between drug-injury due to direct toxic effects and 

hypersensitivity. Direct toxicity of a drug in the case of the 
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kidney is exemplified by aminoglycoside induced acute tubular 

necrosis. This discussion is not concerned with direct drug 

toxicity, 

reactions. 

rather it is solely devoted to hypersensitivity 

For purposes of discussion I will focus on the drug 

hypersensitivity form of this disease for several reasons: First, 

drug-induced ATIN has become a more commonly recognized form of 

acute renal failure . . Second, hypersensitivity associated nephritis 

serves as a foundation for a discussion of immunologically mediated 

mechanisms of tubulointerstitial nephritis in general. Third, in 

some cases, this form of ATIN may be amenable to treatment with 

corticosteroids. It should be noted that the immunologic 

mechanisms thought responsibl'e for drug-induced ATIN may be the 

same or similar to those involved in other immunologic diseases 

associated with ATIN (e.g., SLE, transplant rejection, Sjogrens 

. syndrome). 

A. Evidence for Immune-Mediated Etiolgy 

Several lines of evidence suggest that drug-induced ATIN is 

immune mediated. These points are summarized in Table III. First, 

the clinical presentation of the disease is heralded by fever, 

rash, and peripheral and urinary eosinophilia in many cases; 

second, some patients with penicillin induced ATIN exhibit 

circulating antibodies directed against the diphenyl methoxy 

penicillin hapten (32); third, both anti-tubular basement membrane 

antibodies and/or penicillin-hapten have been localized to the TBM 
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or interstitium in a few cases of ATIN (32,33); fourth, complement 

deposition along the TBM has been recognized in some cases (34); 

fifth, recurrence of the disease may occur upon re-exposure (35); 

and sixth, elevated serum IgE levels have also been reported in 

many cases ( 36) • These data have led investigators to develop 

experimental models designed to examine the role of the immune 

system in the pathogenesis of this lesion. To date, there have 

been · no animal models of drug-induced ATIN, however, the 

experimental models do exhibit histologic and physiologic changes 

TABLE III 

Evidence for Immune Mediated Mechanism in Human~ 
with Drug-Induced Acute Tubulointerstitial Nephritis 

Clinical picture of hypersensitivity 
Fever, rash, eosinophilia 

Presence of circulating antibodies to haptens 
of offending agent 

Presence of circulating anti-tubular basement 
membrane antibodies 

Complement deposition along the TBM 
Rapid recurrence of disease on re-exposure 

to the offending agent 
Elevated serum -IgE levels 

that resemble human disease. Thus, a brief discussion of the 

available evidence from these models helps in understanding this 

disorder. 

B. Experimental Models 

1. Guinea Pig 

Experimentally-induced ATIN in the guinea pig has provided 

clues to its immunopathogenesis. Two main models have been 
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employed. The first model consists of repeatedly injecting guinea 

pigs with purified renal tubular cell membrane antigen. These 

animals develop fatal tubulointerstitial disease within 3-4 weeks 

(37). Anti-TBM antibodies develop in this model and play a major 

role in amplifying the inflammatory response by activation of the 

alternative complement pathway (38). In addition, there is also 

strong evidence for · cell mediated immune injury in this mode l . 

Thus, for example, both macrophages and non-B lymphocytes can be 

detected in the inflammatory infiltrate. In addition, let·hal 

irradiation of animals passively immunized with anti-TBM antibody 

prevents development ·of the interstitial nephritis (38). This 

finding suggests that anti-TBM antibody per se is not the sole 

mediator of the immune injury observed in this model. Furthermore, 

Neilson has shown that subpopulations of T cells sensitized to 

renal tubular antigens appear as early as 7 days af t er immunization 

.. and well before the appearance of · ant i-TEM antibodies ( 39). 

Therefore, cell-mediated mechanisms play an essential role in the 

pathogenesis and pathology of this model. 

The second model involves direct intrarena.l, injections of 

bovine gamma globulin into appropriately sensitized animals 

resulting in a delayed type hypersensitivity reaction in the kidney 

~ ~ ( 40). In these animals, inflammation and tubular i njury typical 

~f ATIN developed. Furthermore, the immune reactivity could be 

transferred with lymphocytes but not serum in this model. Taken 

together, the data from these models support a role for both 

humoral and cell-mediated mechanisms in the pathogenesis of 
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experimental ATIN in the guinea pig. 

2. Rats and Mice 

ATIN may be induced by immunization of rats with Tamm-Horsfall 

protein, a glycoprotein produced by the cells in the thick 

ascending limb (41). Rats immunized with Tamm-Horsfall protein 

develop autoantibodies and granular deposits of IgG, C3 and Tamm

Horsfall protein localized to the basolateral region of the thick 

ascending li.mb. A direct relationship between the amount of immune 

deposit and the degree of inflammation has been noted in this 

model. Cellular infiltrates composed of mononuclears was always 

associated with histologic damage. Based on these findings, it has 

been proposed that circulating autoantibodies diffuse across the 

tubular basement membrane forming in situ immune complexes with 

. Tamm-Horsfall protein leading to ATIN. 

ATIN is inducible in susceptible strains of both rats and mice 

by administration of xenogeneic tubular antigen. In this model, 

once again, a cell-mediated response is the most important 

component of the immunopathology (42). The response is genetically 

controlled and is dependent upon the ability of the animal to 

express the nephritogenic tubular antigen and, in some strains, the 

inability to make anti-idiotypic antibody against the 

autoantibodies (42-45). 

Recently, a specific target antigen for the anti-TBM antibody 

has been isolated and shown to induce ATIN in susceptible strains 

of LEW rats. It is a 48,000 MW glycoprotein that specifically 
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reacts with anti-TBM, and not anti-GBM antibody, and is capable of 

inducing high titer of anti-TBM antibody. It is believed that this 

is the nephritogenic antigen responsible for experimental anti-TBM 

disease (42). 

In summary, as is the case in the guinea pig, these models of 

anti-Tamm-Horsfall immune complex nephritis and anti-TBM 

autoantibody associated ·nephritis are both characterized by an 

intense mononuclear cell inflammatory infiltrate. Thus, both 

h.umoral and cellular immune responses .are involved in ··the 

immunopathological processes in these models. 

3. Rabbits 

Experimental ATIN has been induced in rabbits by injection of 

homologous nonglomerular kidney components in adjuvant ; The lesion 

.. is associated with deposition of IgG ·and C3 along the proximal 

tubule TBM, autoantibodies ·directed against kidney antigens and 

severe interstitial nephritis with tubular functional defects, 

especially glycosuria and ammoniaciduria. Anti-TBM ant i bodies were 

not observed in this model. It was concluded that the deposits 

represented immune complexes containing autoantibodies and 

autologous proximal tubular cell antigen. 

A chronic serum sickness model has been induced in rabbits by 

repeated injections of bovine serum albumin (45). This model is 

thought to cause immune injury via circulating immune complexes, 

which deposit along the TBM producing a granular appearance on 
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immunofluorescence. 

In summary, a variety of experimental models of ATIN have -been 

successfully developed in guinea pigs, rats, mice and rabbits. 

Evidence for humorally mediated renal injury has been afforded by 

these models. Thus, immune complex deposition, anti-TBM 

autoantibodies and complement activation has been demonstrated in 

the kidney. In all cases renal damage is associated with 

basolateral membrane or interstitial localization of the 

immunoreactants. It appears that; the humoral element may be an 

important feature in the generation of the renal lesion, however, 

the importance of these antibodies in the immunopathology is still 

somewhat controversial. Although anti-TBM autoantibodies can 

initiate damage their presence in the kidney does not always result 

in injury. Moreover, leukocyte infiltration is not only important 

in the generation of inflammatory infiltrate but also in the 

.· development of tubular damage and necrosis. Evidence for cell 

mediated mechanisms of immune injury are observed in all these 

models of ATIN whether humoral elements are demonstrable or not. 

In all cases of, severe inflammation ·mononuclear infiltrates 

including macrophages and T-cells have been demonstrated. Of 

particular importance is the ability to prevent ·tubular damage by 

leukocyte deletion. Taken together, these studies strongly suggest 

that cell-mediated immune mechanisms play a major role in tissue 

damage in all forms of ATIN and that antibody and complement 

mediated injury may be an important initiating ·factor in some, but 

not all, forms of experimental ATIN. 
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C. Human Studies 

1. Humoral Mechanisms 

Human studies have revealed that anti-TBM autoantibodies are 

present in only a handful of cases of drug-induced ATIN as well as 

in some non-drug induced immunologic diseases. Recently, 

identification of the target antigen in humans has been carried out 

by Clayman et al (45a). · Sera from two patients with anti-TBM 

antibodies and ATIN selectively recognized a 48,000 mw glycoprotein 

isolated from collagenase solubilized human renal tissue. This 

antigen is similar to that from the rabbit kidney antigen utilized 

to induce ATIN in rats as noted above. Thus, in humans, anti-TBM 

antibodies may play an important role in initiating the 

inflammatory response. However, it should be re-emphasized that 

(as in the animal models) humans with anti-TBM antibodies and ATIN 

always demonstrate an inflammatory infiltrate reminiscent of 

.· delayed-type hypersensitiv-ity. Furthermore, most patients with 

drug induced ATIN do not hav·e detectable anti-TBM (either by assay 

of serum or by immunofluorescent techniques). Thus, the 

pathogenesis of interstitial nephritis in the majority of cases 

(not associated with anti-TBM antibody) of human ATIN does not 

appear to be due to humoral mechanisms. 

2. c·ellular Mechanisms 

As noted earlier, the most compelling evidence for cell

mediated tissue injury in humans with ATIN is the presence of 

mononuclear inflammation and the lack of detectable 
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immunofluorescence for immune complexes or anti-TBM antibody in the 

overwhelming m~jority of reported cases (13,26,46-50). In 

addition, delayed-type hypersensitivity reactions to intracutaneous 

injections of drug have been observed in a · few patients (32,51). 

In humans with renal transplants undergoing acute allograft 

rejection ATIN characterized by a mononuclear infiltrate is 

uniformly observed . Severe ATIN with acute renal failure is 

typical of this disorder. Studies on the immunopathogenesis of 

this lesion disclose that the majority of infiltrating white cells 

are T lymphocytes and monocytes-macrophages. Moreover, the 

proportion of these cells was directly related to the severity of 

the rejection (16). 

Phenotypic analysis of renal interstitial infiltrates in 

patients with ATIN (due to non-drug induced i mmunologic d i seases) 

has revealed a predominance of T lymphocytes and monocyte-

.. macrophages (52). These types of studies further support a role 

for cell-mediated hypersensitivity in the immunopathogenes i s of the 

lesion. 

Further evidence in support of this hypothesis ·has been 

adduced from a number of studies in individual cases of drug-

induced ATIN. For example, a recent report of a patient with 

cimetidine-induced disease revealed an increase in the proportion 

of helper to suppressor T cells. In addition, blastogenesis 

experiments in vitro demonstrated that an inhibitor of leukocyte 

migration developed when the patients lymphocytes were incubated 

with the drug (53). Similar findings have been reported with 
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rifampin (54). 

D. Relationship Between Host, Drugs, Hypersensitivity and 

the Kidney 

Drug induced acute interstitial nephritis in humans is often 

referred to as allergic interstitial nephritis. Although this 

evidence for an immune mediated mechanism of injury in human 

disease is quite convincing, what is not clear is the exact 

sequence of events that lead to the pathological changes observed 

in the kidney after drug exposure. For example, why is the kidney 

the target organ for immune injury when no evidence for systemic 

hypersensitivity can be found in many cases? Why do only a small 

number of drug-exposed patients develop the hypersensitivity 

lesion? What are the determinants of susceptibility to the drug 

induced ATIN? At the present time, these questions remain 

unanswered. Nevertheless; one might speculate on some answers 

based on what is known abou~ renal drug metabolism. 

The kidney is the route of excretion of many drugs that are 

associated with renal injury. Renal tissue concentrations of many 

of the drugs known to cause ATIN may exceed plasma levels. Tubular 

cell uptake, reabsorption or secretion of a drug · or its 

metabolite ( s) may be associated with high concentrations of the 

drug in the microenvironment bordered by the tubular cell basement 

membrane and the renal interstitium. 

Since most drugs are relatively small molecules and as such 

are incapable of inducing an immunologic response they must be 

20 



covalently bound to macromolecules, particularly proteins, to 

become inununogenic. This is an essential requirement for the 

development ot inununogenicity. Once bound to a hapten, or carrier 

molecule, a drug becomes antigenic, is processed by an appropriate 

presenting cell (e.g., macrophage), is presented to aT helper cell 

and inunune activation occurs. It is likely that in the kidney a 

drug interacts to form a protein conjugate with a pro te i n 

constituent in the TBM or perhaps the interstit i um. Regulation of 

drug-protein linkage is not well understood however, it is quite 

conceivable that an association-dissociation reaction takes place 

which in turn may influence the development of an inunune response. 

The possibil i ty that genetic control of this drug-prote i n 

interaction exists or that genetic control of recognition by, or 

activation of, the inunune response to dr_ugs is an important 

determinant of individual susceptibility to drug-related renal 

injury is an attractive explanation but thus far has not been 

explo~ed . Nevertheless, it seems likely that genet i c control is 

an important determinant of these potential mechanisms of drug 

susceptibility. These speculations obviously raise more questions 

than provide answers but at least they provide intriguing and 

provocative possibilities for future investigations into mechanisms 

of disease. 

In sununary, there are essentially three main pieces of 

evidence that drug-induced ATIN is an inununologically mediated 

disease: 1) the inflanunatory infiltrate is predominantly composed 

of monocyte-macrophages, lymphocytes, plasma cells and eosinophils, 
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2) circulating auto-antibodies to tubular antigens and deposition 

of these antibodies have been identified in the tubular basement 

membrane, and 3) immune complexes composed of drug-hapten and 

antibodies have been observed at similar sites. The precise 

interaction between these elements in the pathogenesis of ATIN in 

any given instance is not clear. It is clear, however, that ATIN 

with renal failure can be · observed without evidence of antibody 

formation or deposition .but not without evidence of ·mononuclear 

cell inflammation. Taken together, one might imagine a possible 

pathogenetic scheme as follows (see Fig. 1). A drug may reach the 

renal interstitium ~a glomerular filtration and/ or tubular 

reabsorption or via p~itubular secretion. After forming a protein 

conjugate with a molecule indigenous to the basal membrane or renal 

interstitium (Fig. la) it could engender a local immune response 

(Fig. lb, lc). The response may be either humoral or cellular or 

. both. In consequence to ·the recruitment of inflammatory cells, 

including macrophages, lymphocytes, plasma cells and eosinophils 

a variety of cytokines which are pro-inflammatory (e.g., PAF, LTB4, 

IL-I and II, etc.) and cytolytic (e.g., major basic protein from 

eosinophils, etc.), could be released producing interstitial and 

tubular cell damage and necrosis (Fig. ld). In addition, in situ 

formation of immune · complexes formed from interaction between locai 

production of antibodies by invading plasma cells and drug-protein 

conjugate could further exalt the inflammatory reaction via a 

complement-mediated mechanism. 
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FORMATION OF DRUG-PROTEIN CONJUGATE 
IN THE RENAL INTERSTITIUM 

Figure la 

INFLAMMATORY RESPONSE AMPLIFIED. 
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Figure lc 

DRUG-PROTEIN CONJUGATE RECOGNIZED BY IMMUNE SYSTEM 
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Figure lb 

FUI.I.·BLOWN TUBUI.OINTERSTITIAL NEPHRITIS 

Figure ld 
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Of course, major gaps exist in our understanding of the exact 

pathogenesis and this model is only speculative. Further studies 

in animals and man will be required to 9larify the role of humoral 

and cell mediated immune responses and the role of genetics in 

regulating the immune cell function in patients susceptible to 

drug-induced disease. 

VI. Pathology 

The two fundamental pathologic. lesions observed in all forms 

of ATIN are 1) interstitial edema and inflammatory cell infiltrates 

(55). and 2) pathological changes in the tubules. The glomeruli 

and renal vasculature appear normal in ATIN which distinguishes 

this lesion from glomerulonephritis and vasculitis. The typical 

light microscopic of -drug-induced ATIN is shown below in Figure 2. 

In the interstitium, accompanying the edema, which is 

evidenced by separation ~f the tubules, cellular infiltrates 

appear. These infiltrates are most often focal but may be diffuse. 

The cellular composition of the infiltrates in drug-induced ATIN 

is predominantly monocyte-macrophages. Lymphocytes, plasma cells 

and eosinophils are also identified in the cell population of the 

infiltrate (55). However, eosinophils are not universally 

detected. In a recent ultrastructural study of 15 cases of ATIN 

(80% due to drugs) reported by Olsen et al (56) a quantitative 

analysis of the cellular infiltrate was carried out. They observed 

that 69% of the cell population was lymphocytes, 11% was monocyte

macrophages, and the remainder were fibroblasts, plasma cells, and 
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Figure 2. Light microscopic view of drug-induced acute 
· tubulointerstitial nephritis. Robust mononuclear cellular 
infiltrate of the interstitium with edema and focal tubular cel l 
damage. Glomeruli and vessels are spared. 

polymorphonuclears including eosinophils. They noted close 

contacts between lymphocytes and between lymphocytes and 

macrophages. Macrophages were found in close proximity to 

fragments of tubular cell cytoplasmic elements. 

The tubular cells exhibit a spectrum of pathological changes 

ranging from normal to frankly necrotic. Frequently the tubular 

cells appear flattened with loss of brush border (in proximal 

cells), splitting of basolateral membrane, atrophy and 
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degeneration. The tubular lumina are dilated and may contain 

lymphocytes. In addition, lymphocytes may be observed between 

tubular cells or between the basolateral intercellular space, and 

the tubular basement membrane. Tubular cell sloughing is noted in 

these areas. Immunofluorescence studies reveal linear or 

glomerular immune deposits in the TBM in a minority of cases (57-

59). Electron microscopic ·(EM) studies in these cases demonstrate 

electron dense deposits corresponding to the immunofluorescent 

findings. In addition, EM delineates the tubular changes which 

consists of cell swelling, vacuolization, mitochondrial swelling 

and in proximal tubules sloughing of the brush border. 

The per i tubular capillaries are engorged and contain man y 

macrophages and lymphocytes. It is important to note that the 

glomeruli and large· vessels appear completely .normal in these 

cases. 

The pathologic appearance in ATIN is thus very similar to that 

observed in a variety of immunologically mediated renal lesions 

notably acute allograft rejection ( 60). The juxtaposition of 

lymphocytes with damaged and sloughing tubular cells supports the 

notion that a drug-protein conjugate complex may be the major 

stimulus to immune injury in drug-induced ATIN. 

VII. Pathophysiology 

There are two major aspects of ATIN that must be considered 

in the pathophysiology: 1) acute renal failure, and 2) tubular 

dysfunction syndromes. These are the two most important clinical 
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aspects of this disease that bring the patient to the attention of 

the physician. The exact mechanisms for these derangements remain 

uncertain as there is little clinical or experimental data directly 

addressing these issues. Importantly, the clinical picture 

features evidence of deranged tubular function out of proportion 

to the degree of acute renal failure. Thus, hyperkalemia and renal 

acidosis occur and persist· even in the absence of severe renal 

failure in many forms of ATIN including the drug-induced variety. 

A. Renal Failure 

Before discussing possible mechanisms of renal failure, it is 

worth recalling for a moment the normal physiology of glomerular 

ultrafiltration. As shown below in Figure 3, glomerular 

ultrafiltration is ·governed by a complex interaction between 

several variables: 1) Glomerular plasma flow rate (QA), which in 

turn is regulated by afferent and efferent arteriolar resistances, 

determines the rate of entry of blood into the glomerular 

capillary. 2) Starling forces active acres& the glomerular 

capillary membrane which include the glomerular capillary 

hydrostatic pressure (PGcl, the capillary oncotic pressure rr a, 

the oncotic pressure in Bowman's space, and the hydrostatic 

pressure in Bowman's space (PT). These forces determine the net 

filtration pressure (Pup) along the capillary length. 3) The 

ultrafiltration coefficient, Kf, which is the product of the 

capillary surface area available for ultrafiltration and the 

intrinsic hydraulic conductivity of the capillary wall. The single 
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SCHEMATIC OF KEY DETERMINANTS OF SINGLE NEPHRON 
GLOMERULAR FILTRATION RATE (SNGFR) INCLUDING STARLING FORCES 

· QA • Plasma Flow Rate 
Pac• Capillary Hydrostatic Pressure 

K 1 • Ultrafiltration Coefficient 

A A • Afferent Arteriolar Resistance 
Ae • Eflerent Arteriolar Resistance 
Pr .• Intra tubular Pressure 

ll 1 • Afferent Oncotlc Pressure 

SNGFR • K1 (Pac·ll1 ·Ptl 
• Kt (i5UFJ 

Figure 3 

nephron GFR _or SNGFR = Kf X (PGC - A schematized 

glomerular capillary pressure profile is shown in Figure 4. On -the 

vertical axis pressure is piotted and on the horizontal axis the 

length along an idealized glomerular capillary is plotted. 

Ordinarily as blood flows into the glomerular capillary the PGC 

exceeds the sum of rra and PT (i.e., PGc > 

ultrafiltration occurs. As blood progresses along the capillary 

\\length the protein concentration rises and PGc = ( rr a + PT) and 

ultrafiltration ceases. At this point filtration pressure 

equilibrium is reached. Alterations in QA, Kf or PuF can result 

in changes in GFR sufficient to cause acute renal failure. 
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1. Possible Mechanisms 

As shown in Table IV, at least four mechanisms may be 

responsible f .or acute renal failure in ATIN. 

a. Elevated Intratubular Pressure, PT 

As can be imagined if intratubular hydrostatic pressure (PT) 

were to markedly increase without an increase in PGc or a decrease 

in rra, SNGFR could decrease markedly. In ATIN interstitial edema 

could give rise to elevated interstitial pressure which could in 
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Figure 4 

Transcapillary hydraulic and colloid osmotic pressure 
difference profiles, ;:,p and .lfl. along an idealized glomerular 
capillary. Curves A and C represent pcss1ble .::..n profiles un
der conditions ol filtration pressure equilibrium (A) and dis· 
equilibrium (C) . Une 8 represents the hypothetical linear .l1l 
profile. At liltra.!!.9n pressure equilibnum, mean net ultraliltra
tion pressure, P"", is equal to the shaded area between the 
t:.P curve and curve A. 

TABLE IV 

Possible Pathophysiological Mechanisms 
Of Acute Renal Failure in ATIN 

Tubular obstruction 
Elevated interstitial pressure 
Cell· sloughing 

Back leak 
TG feedback 
Vasoconstriction 
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turn cause intratubular pressure to rise. Elevated interstitial 

pressure causing tubular obstruction and acute renal failure was 

proposed in 1948 ( 61). It is via this mechanism that high 

in~erstitial pressure could bring about a severe decrease in GFR 

leading to renal failure. There is now experimental evidence to 

support this mechanism in ischemic acute tubular necrosis (62,63). 

Moreover, in patients with nil disease and anasarca that is 

reversible by diuretic therapy, recurs with reaccumulation of fluid 

and is associated with markedly depressed filtration fraction 

(GFR/ RPF) also suggests that intrarenal edema may be important 

(63a). In addit i on, tubular cell sloughing from damaged basal 

membranes could conceivably block the tubular lumen, i .ncrease 

tubular pressure and decrease GFR by a mechanism similar to that 

outlined above. 

b. Tubular Backleak 

Backleak of glomerular· ultrafiltrate is an old concept often 

employed to explain the pathophysiology of acute renal failure in 

experimentally-induced acute tubular necrosis. It has also been 

suggested as a possible mechanism in ATIN. Basically, the backleak 

hypothesis states that tubular injury allows bac·k leak of 

glomerular filtrate from the tubular lumen to the peri tubular 

capillary. This is a plausible concept in ATN in which there is 

severe and extensive damage and necrosis of the tubules. However, 

in most cases of ATIN tubular injury is mild and focal as compared 

to ATN. Thus, this possibility seems less attractive in ATIN. 
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c. Tubuloglomerular Feedback 

Tubuloglomerular feedback refers to the concept of back talk 

between the macula densa (MD) and the afferent arteriole. As 

delivery of sodium salts to the MD increases, a signal (the nature 

of which remains a mystery) is sent to the afferent arteriole (or 

glomerulus) to vasoconstrict resulting in a decrease in glomerular 

plasma flow and hence GFR. Conversely, as delivery to the MD 

decreases, the signal is sent to the afferent arte~iole to 

vasodilate resulting in an increase in GFR. 

It has been speculated that failure to absorb ultrafiltrate 

normally, either proximally or in the loop would lead to increased 

delivery of sodium to the MD and subsequently a fall in GFR via TG 

feedback. This hypothesis has never been tested experimentally in 

ATIN. It is now being considered as an important cause for low GFR 

· in ATN and still is an intriguing and plausible possibility in 

ATIN. 

d. Renal Vasoconstriction 

vasoconstriction perhaps related Finally, renal 

interstitial edema or to locally increased concentrations 

to 

of 

angiotensin II or vasoconstrictor arachidonic acid metabolites may 

be in part responsible for the fall in GFR. 

As with most cases of acute renal failure it is likely that 

more than one of these mechanisms is operative. Future studies 

aimed at defining the possible role of various substances released 
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by inflammatory cells locally will be important in elucidating the 

exact mechanism underlying the impaired GFR. 

B. Renal Tubular Defects 

A variety of renal tubular defects have been described in 

ATIN. Three patterns of dysfunction have emerged from studies in 

patients with ATIN: 1) proximal, 2) distal and 3) loop (Table V). 

Nephron Site 

Proximal 

Distal 

Loop 

TABLE V 

Patterns of Renal Tubular Dysfunction 
In Acute Tubulointerstitial Nephritis 

Functional Defect 

Decreased Hco3 , Pi amino 
acid, uric ac1d, giucose 
reabsorption 

Defective NaCl reabsorption 
and potassium and hyd~ogen 
secretion 

Defective NaCl reabsorption 
in loop and defective water 
transport in the collecting 
ducts 

Clinical Manifestation 

Fanconi Syndrome 

Hyperkalemic 
hyperchloremic 
metabolic acidosis 

Nephrogenic diabetes 
insipidus 

The clinical presentations of these patterns will be discussed in 

the next section. These patterns may occur exclusively of one 

another, or in combinat1on (25,26). One explanatio~ offered for 

discrete patterns of dysfunction is that focal inflammation may be 

localized to individual nephron segments, e.g., the proximal 

tubule. 
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1. Proximal Tubular Dysfunction 

Proximal tubular dysfunction has been reported in interstitial 

inflammation related to a variety of diseases including multiple 

myeloma, transplant rejection and chronic active hepatitis (25). 

Isolated proximal tubular dysfunction has not been described with 

drug-induced ATIN although mixed tubular dysfunction with a 

proximal component has been· observed with drug-induced ATIN. As 

shown below in Figure 5 the proximal tubule is responsible for 

~ l REA8SORPTION QF : 
NaCI (FINAL) 

,J 
Figure 5. Segmental physiologic aspects of nephron function. 
Schematically represented are the principal nephron segments and 

· transport properties that can be individually affected by tubule
interstitial nephritis: the proximal nephrqn, which reabsorbs the 
bulk of bicarbonate, glucose, amino acids, phosphate, and organic 
acids following glomerular filtration; the distal nephron, which 
is responsible for reabsorbing the final quantity of luminal 
sodium, for secreting hydrogen ions to generate net acid excretion, 
and for secreting potassium; and the medullary and papillary 
structures, the loops of Henle and collecting ducts, which abstract 
water to concentrate the urine. 
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reabsorption of a variety of solutes linked to sodium reabsorption 

including bicarbonate, glucose, amino acids, phosphate, and organic 

acids. Disruption of proximal tubular function may lead to 

impaired reabsorption of these solutes resulting in Fanconi 's 

syndrome. Systemic hyperchloremic acidosis, hypophosphatemia, and 

hypouricemia occur and persist in association with bicarbonaturia, 

phosphaturia, uricosuria, and aminoaciduria. Clear evidence of 

tubulitis and interstitial inflammation presumably causes global 

dysfunction of proximal transport systems. The exact mechanism of 

dysfunction has not been investigated. 

2. Distal Tubular Dysfunction 

As shown· in Figure 6 the distal nephron is responsible for 

final reabsorption of sodium chloride and for secretion of net acid 

and potassium. Development of generalized distal nephron 

dysfunction would be expected to result in NaCl wasting and 

hyperkalemic hyperchloremic .metabolic acidosis. This syndrome has 

been well described. by Cogan and Arieff in a patient with 

methicillin-induced ATIN. Their patient presented with volume 

depletion, hyperkalemia, and hyperchloremic acidosis. Renal biopsy 

disclosed focal interstitial nephritis apparently localized to the 

distal nephron segments. The acidosis and hyperchloremia were out 

of proportion to the degree of renal failure (66). Balance studies 

showed that the patient had a salt-wasting nephropathy and 

hyperkalemia despite a normal renin-aldosterone axis. In the 

presence of a normal renin-aldosterone axis it can be concluded 
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that defective distal nephron ion transport is a result of tubular 

dysfunction per se. The systemic acid-base and electrolyte 

disturbances characteristic of distal nephron dysfunction have been 

observed in many patients with drug-induced ATIN from a variety of 

drugs including antibiotics, anticonvulsants, and non-steroidal 

anti-inflammatory agents. The mechanism of tubular dysfunction is 

not known but tubulitis and interstitial inflammation are bel i eved 

to cause the defect. It . should be emphasized that the ability of 

the kidney to excrete net 

BASIC TRANSPORT PROCESSES 
IN THE DISTAL NEPHRON: 

• Cellular 
Process 

Net NaCI 
reabsorption 

(-l 
Net K• and H• 

secretion 
(-) 

Y!!!!.! 

NORMAL 

Call Luman Cell 

• Nonnal NaCI excretion 

Systemic 
Elfect 

Normal 
acid-base 

-and potassium 
homeostasis 

• Nomial K• and net acid excretion 

TUBULOINTERSTITIAL NEPHRITIS 

Cellular 
Process 

Impaired NaCI 
reabsorpt ion 

(--•) 

Impaired K • and 
H•secretion 

(-l 

!:!!!!!! 

Cell Luman Cell 

• E.xcess NaCI excretion 

Systemic 
Effect 

Hyperkalemic 
Hyperchloremic 
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acid is dependent upon an intact ability of the epithelium to 

generate and maintain steep transepithelial hydrogen ion gradient. 

Disruption of tubular integrity from whatever cause might be 

expected to cause an impairment in generating this gradient. 

Similar derangements in hydrogen gradient generation have been 

reported in patients with immunologic diseases characterized by 

hypergammaglobulinemia and associated with tubulointerstitial 

inflammation (67). One might speculate that tubular dysfunction 

in the absence of detectable morphologic alterations in tubular 

anatomy may be a result of secretory products of invading 

inflammatory cells which in turn may alter function. In this 

regard, prostaglandins have been reported to inhibit cortical 

collecting tubule sodium reabsorption (68) and hydrogen ion 

secretion (69). Future studies utilizing specific lymphokines or 

cytokines may be able to better define the pathophysiology of ion 

transport in this disorder: 

3. Loop Dysfunction 

Tubular dysfunction in the loop and medullary and papillary 

segments of the collecting duct result in impaired concentrating 

power. The defect in concentrating ability is vasopressin 

resistant and therefore is a true form of nephrogenic diabetes :' 

insipidus. · Although a variety of interstitial nephritides 

including chronic acetaminophen abuse have been associated with 

impaired concentrating ability there are no reported cases of acute 

drug-induced ATIN resulting in a selective defect in renal 
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concentrating ability. But several cases of impaired concentrating 

ability associated with generalized distal nephron dysfunction have 

been reported. 

It should be emphasized that selective dysfunction of 

individual nephron segments has not been sought for in most cases 

of drug induced ATIN. Nevertheless, defective concentrating 

ability could result from tubular damage to transport of NaCl in 

the ascending limb of Henle's Loop or to water transport in the 

collecting ducts or both as shown in Figure 5. Polyuria, 

polydipsia and mild hypernatremia may result . It appears that 

distal nephron dysfunction usually occurs along with concentrating 

defects and is the most common pattern. However, prox i mal, dis t al 

and loop dysfunction may coexist especially if the interstitial 

inflammation is diffuse, severe and involves cortex and medulla . 

VIII. Clinical Present~tion of Drug-Induced ATIN 

A. Incidence 

The exact incidence of drug-induced ATIN is unknown. The 

drug-induced form of ATIN which was previously thought to be a rare 

cause of ATIN is being more frequently recognized as a cause of 

renal dysfunction. It has been estimated from large series of 

biopsy proven cases that ATIN accounts for 3-14% of cases of ."p.cute 

renal failure (70,71). The majority of these cases were believed 

to be drug-induced. Certainly, the number of unreported cases of 

drug-induced ATIN far exceeds the reported number. 

37 



.I 

. ; 

B. Clinical Spectrum 

A spectrum of clinical presentations of drug-induced ATIN 

exists. Depending upon the drug involved and the individual 

response the presentation can range from full-blown 

hypersensitivity with fever, rash, eosinophilia and oliguric renal 

failure to asymptomatic increases in BUN and creatinine or abnormal 

urinary sediment without evidence of renal insufficiency. Drug

induced ATIN should therefore be suspected in any patient with an 

abrupt loss of renal function. Mild non-oliguric renal failure 

with evidence of generalized distal nephron dysfunct i on heralded 

by hyperkalemic hyperchloremic metabolic acidosis is a common 

presentation. Furthermore, some cases of drug-induced ATIN, 

notably those caused by· non-steroidal anti-inflammatory drugs, are 

associated with neph·rotic syndrome (vide infra). 

More than 40 drugs have been reported to cause ATIN. They can 

. be categorized into · five main groups: antibiotics, anti-

inflammatory agents, diuret i cs, anticonvulsants, and miscellaneous. 

As already mentioned, clinical presentation varies even within a 

given class of drugs, e.g., penicillins, however, there are 

striking similarities between classes of drugs as well. The only 

identifiable predisposing factor to the development of ATIN has 

been previous drug exposure in some but not all cases . 

1. Antibiotics 

a. Beta-lactams 

A variety of beta-lactam antibiotics including penicillins and 
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cephalosporins are known to cause ATIN (13). The prototype drug 

in the general category is methicillin, which is the most well 

known cause of drug-induced ATIN (32,33,46-48,66-77). However, as 

shown in Table VI, many penicillin antibiotics are reported to 

cause ATIN. The features of classical methicillin nephritis are 

essentially those reported with hypersensitivity reactions. Renal 

A. Antibiotics 
Penicillins and 
derivatives 

Methicillin 
Carbenicillin 
Penicillin G 
Oxacillin 
Ampicillin 
Naficillin 
Amoxicillin 

Cephalosporins 
Cephalothin 
Cephalexin 
Cephadine 
Cefoxitin 

Others 
Rifampin 
Vancomycin 
Minocycline 
Gentamicin 
Cotrimoxazole 

B~ Diuretics 
Thiazides 
Furosemide 

TABLE VI 

Drugs Causing .. _ATIN 
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C. Analgesics and Anti
Inflammatory Agents 

Glafenin 
Antrfenin 
Floctafenin 
Indomethacin 
Phenylbutazone 
Naproxen · 
Diflumenol 
Mefanamic acid 
Toluetin 
Sulindac 
Nflumic acid 
Phenazone 
Noraminopyrine 
Sulfinpyrazone 

D. Anti-Convulsants 
Dilantin 
Carbamazepine 
Phenobarbital 

E. Others 
Phenindione 
Allopurinol 
PAS 
Azathioprine 
Captopril 
Cimetidine 
Clofibrate 
Leukocyte interferon 
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involvement is usually abrupt in onset and is associated with 

fever, erythematous morbilliform, skin rash, and peripheral 

eosinophilia. Other manifestations include arthralgia, flank or 

loin pain, lymphadenopathy, and signs of extrarenal organ 

involvement by hypersensitivity reactions. The disease usually 

develops in patients receiving high doses of the drug for severe 

infections for varying periods of time usually in the range of 10 

to 21 days. Less than one-third of the patients have a prior 

history of allergy to penicillins. Many patients have developed 

ATIN after short courses of methicillin used prophylactically. 

Thus, neither prolonged therapy nor underlying serious infection 

are necessary prerequisites. F_ever, rash, eosinophilia, coupled 

with sterile pyuria, hematuria, proteinuria, eosinophilia and non

oliguric acute rena~ failure are the characteristics of a typical 

case . In some cases elevated serum IgE levels have been noted. 

. . Proteinuria is mild (usualiy 1-2 g/24 h), is due to tubular damage 

and not a result of glomerular injury. Hematuria is universally 

present and may be macroscopic or microscopic. In many of the 

early reports of methicillin nephritis the disease was heralded by 

acute renal impairment with gross hematuria and evidence of an 

acute allergic reaction as described above. Of the more than 100 

cases of methicillin reported in the literature, most patients have 

non oliguric renal failure however, a few patients become oliguric 

and many of these have required hemodialysis. The renal disease 

has been reversible all but one case after withdrawal of the drug 

(73). The rate of recovery is quite variable ranging from days to 
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weeks. Although complete recovery of renal function may not occur 

in every case, nearly every patient recovers most of their baseline 

function. However, failure to recognize the disease may lead to 

severe prolonged renal failure and death (46). 

This typical presentation can be seen with penicillins and 

cephalosporins as well as other drugs but one third of cases do not 

present with this classical . picture. It is noteworthy that in the 

series of Galpin et al (47) series of 14 cases of methicillin-

nephritis 8 administered prednisone recovery of renal function 

averaged 93 days as compared to 6 not administered prednisone in 

whom recovery time averaged 54 days. This was a non-randomized 

drug trial but is suggestive of steroid-induced rapid resolution 

of the lesion. 

b. Other Antibiotics 

A variety of other ant-imicrobial agents have been reported to 

cause ATIN including sulfonamides and antituberculous agents 

notably rifampin. Both sulfonamides and rifampin may cause ATIN 

while presenting like typical methicillin nephritis, i.e., rash, 

fever, eosinophilia and renal failure. 

Over 60 cases of rifampin associated ATIN have been reported 

(74). Most of the cases occur in patients treated with 

intermittent or discontinuous therapy (75-79); however, it has been 

observed during continuous therapy (80). Some but not all cases 

present with fever, rash, eosinophilia, eosinophiluria, and 

elevated serum IgE levels. It may rarely be associated with 
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thrombocytopenia, hemolytic anemia, or hepatitis. Renal glycosuria 

due to proximal dysfunction has also been observed with rifampin 

(75) . Abrupt r~action upon rechallenge with rifampin have been 

seen including fever dizziness, chills, arthralgia, myalgia, lumbar 

pain, nausea, vomiting, and abrupt renal failure (81) . Signs of 

drug hypersensitivity including high titers of circulating anti

rifampin antibodies and deposition of IgG and complement in renal 

tubular basement membrane have occurred. 

An example of a case of rifampin associated ATIN seen by our 

service demonstrates the findings characteristic of ATIN due to 

this agent: 

A 50 YO white male was admitted to the vascular surgery 
service with complaints of pain in his left foot for 6 
days and a 4 day history of bluish discoloration of his 
left great toe with a "pins and needles" sensation in the 
entire foot. He had no prior history of claudication, 
TIAs or vascular disease. There was no history of 
diabetes mellitus. Upon further questioning he admitted 
to a 25 pound weight loss over the preceding two months 
and had quit his job making silk screens because of 
extreme fatigue. He denied fever or chills. He did have 
a cough productive of greenish sputum for the two months 
PTA and complained of occasional night sweats. 

On physical exam he appeared cachectic and pale. BP 
110/ 70; P 100; R 26; T 39°C. No skin rashes were noted. 
HEENT normal. Nodes 1 ern right cervical and bilateral 
shotty axillary. Chest: upper lobe wheezes. CV: normal 
heart sounds ; pulses intact in UE; in LE, on left 
popliteal pulse was 1+ and DP and PT absent, on right DP 
pulse absent and PT 1+;: no aortic bruit; soft right 
femoral bruit. Stool: guaiac positive. Extremities: 
no edema: left foot cold with bluish discoloration of 
plantar aspect, and diminished capillary refill. Neuro: 
intact. 

Laboratory data on admission revealed Na+ 133, K+ 3.8, 
TC02 26, Cl 96, SCr 0.8, glucose 83, HCT 30%. U/ A: pH 
6, negative glucose, trace ketones, trace protein, 0-1 
WBC, 0-1 RBC, no casts. CXR showed bilateral upper lobe 
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nodular/alveolar infiltrates with cavitation. 

The patient was begun in IV heparin continuous drip. He 
had an arteriogram which revealed filling defects in the 
distal aorta and right external iliac artery. He was 
tr~ated with continuous IV heparin. In addition, he was 
given PO pentoxifylline. An echocardiogram on 9/6 did 
not show any evidence of cardiac thrombi. 

AFB (M. tuberculosis) were found in his sputum on the 
2nd hospital day and he was begun on 300 mg isoniazid and 
600 mg rifampin daily. Sputum cultures grew M. 
tuberculosis. Four weeks after therapy the patient 
developed fever, malaise+ and anorexia. Repeat labs 
showed the following: Na 136, K+ 5.8, Cl 106. Tco 2 19, 
BUN 60, blood pH 7.35, pco2 35, p02 80, Cr 2.2 mg%, 
glucose 89. Urinalysis revealed pH o, specific gravity 
1.003, 1+ glucose, 2+ protein, 10-15 WBC, 10-20 RBC, many 
granular casts and renal tubular cells. Wright stain of 
urine revealed 5% eosinophils. The patient underwent a 
renal biopsy which revealed intense d i ffuse acute 
tubulointerstitial nephritis with many eos i nophils. 

The patient's creatinine peaked at 4.1 mg% but his urine 
output remained in the non-oliguric range between 1000-
1500 cc/ day. Rifampin was discontinued and renal failure 
resolved slowly -over the follow i ng week. The patient was 
switched to ethambutol and discharged to be followed in 
renal clinic with a serum Cr of 2.5 mg%. 

Comment: This patient "developed reversible renal failure 
from rifampin therapy. He exhibited evidence of proximal 
and distal nephron dysfunction manifested respectivel y 
by renal glycosuria and hyperkalemic hyperchloremic 
metabolic acidosis. Note that the hyperkalemia and 
acidosis occurred at a serum creatinine level of only 2.5 
and that the patient was not oliguric. 

2. NSAIDS 

NSAIDs are well known to cause hemodynamic acute renal failure 

in settings where effective arterial blood volume is decreased. 

Renal parenchymal damage does not occur in this situation 

ordinarily. This is the most common form of renal failure observed 

with these drugs. However, they may also cause ATIN (82,83). The 
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clinical picture of other NSAID-induced ATIN is more heterogeneous 

than with methicillin. For example, most of the cases of NSAID

induced are not associated with typical signs of hypersensitivity 

such as fever, rash, arthralgia, or peripheral eosinophilia (84-

86). Moreover, most of the patients with NSAID-induced ATIN are 

middle-aged or elderly (perhaps because of the high use incidence 

of these drugs in this age group). Furthermore, many patients 

develop the disease after being on the drug for prolonged periods, 

e.g., weeks to months. In addition, a majority of patients with 

NSAID-induced ATIN simultaneously develop nephrotic syndrome with 

heavy proteinuria (82,84-88). In most cases of ATIN with nephrotic 

syndrome studied by electron microscopy, diffuse glomerular 

visceral epithelial cell foot process fusion characteristic of nil 

disease has been observed. Nephrotic syndrome with ATIN has been 

described with penicillins and other drugs but is much less common 

(89-91). The mechanism of the glomerular lesion is unknown but 

importantly there is no inflammatory component to it. Pyuria, 

.hematuria, and eosinophiluria may occur in NSAID-induced ATIN but 

it is reported less commonly as compared to antibiotic treated 

groups ( 92). 

Recovery of renal · function after withdrawal of NSAIDs is 

usually quite favorable and occurs relatively rapidly. Some 

refractory cases have been treated with corticosteroids but there 

is no clear evidence as to additional benefit to these agents in 

and above discontinuing the drug per se (84,92). 

A case of NSAID-induced ATIN recently seen by our service 
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illustrates some of the features noted above. 

A 28 YO black female presented with a 3 week history of 
progressive lower extremity edema and facial puffiness. 
Two weeks prior to admission she developed nausea and 
vomiting. She had generalized headaches for which she 
was taking Advil (ibuprofen) 6 tabs daily for several 
months. There was no history of fever, rash, myalgia, 
or arthralgia. She was seen in the emergency room one 
week prior to admission and was noted to have 3+ 
proteinuria, microhematuria, and pyuria. Her BUN was 30, 
Cr 1.7 at · that time. The patient was admitted to the 
hospital one week later for diagnostic evaluation. 

On exam the patient was noted to be anasarcic. Wt 217 
lbs, BP 130 / 60, PR 72, RR 14, T 36°C. Apart from mild 
obesity and anesarca her exam was unremarkable. 
Laboratory data revealed Na 132, K 5.8, Cl 103, Tco 2 22, 
glucose 71 mg/dl, BUN 18 mg/dl, Cr 1. 8 mg/dl, Ca 7. 6 
mg/ dl, P 4.0 mg/dl, albumin 1.7 g/dl, total protein 3.9 
g/ dl, AST 31, pH 7.35, P02 95, pC02 35, HC03 21, ANA, 
HBSAg were neg, C3, C4, ASO were normal. TG ~99 mg/ dl, 
cholesterol 422 mg/dl, Hgb 10.5, Hct 32 . 3, WBC 6,400, 58 
P 33 L, 8 M, 1 Ba, Plt 43.3,000. Urinalysis revealed SG 
1.017, 4+ protein, 1-2 RBC, 2-3 WBC, 5-10 hyaline casts, 
2-3 granular casts, oval fat bodies. Wright stain for 
eosinophils was negative. CCr = 52 cc / min, 24 urine 
.protein 8 grams. 

Renal biopsy revealed normal appearing glomeruli. Focal 
mononuclear infiltrates including monocyte-macrophages, 
lymphocytes, plasma cells, and eosinophils along with 
interstitial edema were the predominant findings. 
Immunofluorescent studies were unremarkable. On electron 
mi.croscopy diffuse fusion of glomerular visceral 
epithelial cell foot processes were easily demonstrated. 

Advil was discontinued and the patient was placed on 
prednisone 60 mg per day. Two weeks after di~charge the 
patient's edema was markedly improved; her weight 
decreased to 197 lbs. BUN was 12 mg/ dl, serum Cr 0. 9 
mg/dl. Urinalysis revealed trace protein. there were 
no red cells, white cells or casts. 

Comment: This patient presented with nephrotic syndrome, 
mild renal failure with hyperkalemic hyperchloremic 
metabolic acidosis. Her urine sediment was relatively 
unremarkable. Nil disease associated with acute TIN was 
seen on biopsy. The nephrotic syndrome and renal failure 
resolved with discontinuation of the drug and treatment 
with high-dose prednisone. 
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3. Diuretics 

Both furosemide and the thiazides are reported to cause drug-

induced ATIN (93), however, there are no more than 20 reported 

cases in the literature. In these cases fever, rash and 

eosinophilia occur with an incidence similar · to that of 

methicillin. The patients were taking diuretics for varying 

periods of time, up to 10 weeks prior to developing the lesion 

(94). It may occur in patients with or without underlying primary 

renal disease. The renal failure is readily reversible after 

discontinuance of the drug. There are no special distinguishing 

features of diuretic related renal failure compared to penicillin 

related ATIN. 

4. Anticonvulsants 

Anticonvulsants including dilantin, phenobarbital, and 

carbamazepine have been associated with reversible ATIN (95). In 

· these cases fever, rash, and eosinophilia are common. Circulating 

anti-TBM antibodies with linear immunofluorescence findings along 

the TBM and in vitro lymphocyte transformation with drug and 

patient lymphocytes have been observed with phenytoin (96). 

Positive lymphocyte transformation studies have also been reported 

in one patient with carbamazepine-induced ATIN (97). 

5. Miscellaneous 

A long list of other drugs causing ATIN has been generated 
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over the past two decades. No unifying theme has been identified 

to link these agents from molecular or metabolism viewpoints. 

Cimetidine has been causal in a few reported cases of acute TIN in 

association with fever, rash, and eosinophilia and eosinophiluria. 

Sulfipyrazone has also been associated with ATIN in a few cases. 

Allopurinol is also associated with ATIN with extrarenal features 

of hypersensitivity (98-iOO). Many of the patients with 

allopurinol toxicity have severe systemic reactions. One case of 

allopurinol ATIN documented the appearance of anti-TBM antibodies. · 

Other drugs causing ATIN include vancomycin (101), sulfinpyrazone 

(102), and recombinant leukocyte a interferon (103). 

C. Biochemical Features 

l. Serum·. 

Acute renal failure manifest by azotemia and elevated serum 

.creatinine is the biochemical hallmark of ATIN. (Since not all 

patients develop renal failure BUN and creatinine may be normal.) 

The most common serum electrolyte abnormalities are hyperkalemia, 

hyperchloremia, and hypobicarbonatemia owing to generalized distal 

nephron dysfunction. The anion gap is usually normal. 

Hyperkalemia is the most common finding followed by metabolic 

acidosis which is demonstrated in arterial blood gas measurement 

in most cases. Hypernatremia may also occur if concentrating 

ability is decreased. If the patient develops manifestations of 

proximal dysfunction, metabolic acidosis, hypophosphatemia, 

hypouricemia, and a normal serum potassium may be observed. It 
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should be emphasized that hyperkalemic hyperchloremic metabolic 

acidosis is often seen before the GFR is severely decreased (i.e. 

<20 cc/min). This implies that tubular damage and dysfunction is 

the predominating renal lesion. Hyperkalemic hyperchloremic 

acidosis is thus an important clue to tubulointerstit i al nephritis 

due to drugs. Therefore, this serum electrolyte pattern should 

always raise the suspicio·n of drug-induced ATIN as a possible 

etiology. 

2. Urine. 

Glycosuria, aminoaciduria, and bicarbonaturia may be present 

in ATIN if proximal dysfunction predominates. However, in most 

cases of drug-induced ATIN where proximal dysfunction has been 

identified it is manifest by renal glycosuria alone . 

Urinary indices of acute renal failure including electrolyte 

levels and have been reported in very few patients with ATIN. In 

.. a recent report of acute renal failure by Lins et al (104) urine 

indices were reported in 9 cases of ATIN, 7 due to drugs and 2 

associated with systemic infections. The mean urine osmolal·i ty was 

less than 350, . urine/ plasma osmolality ratio averaged 0.9, mean 

urine sodium was 62, mean urine/plasma urea 2.8 and mean 

urine/ plasma creatinine 9. 2. The mean fractional excretion of 

sodium was 9.2 with a range of 0.8 to 19. Proteinuria was present 

averaging 0.8 g/24 h with a range of 0.3.5 grams. These data are 

consistent with intrinsic acute renal failure i .n which tubular 

function is severely deranged. They are not unlike the findings 

expected with acute tubular necrosis thus they cannot be used to 

48 



( 
I 
•I 

differentiate the two. However, they may be useful in 

differentiating pre-renal causes of renal failure as well as acute 

GN in which urine sodium concentration and fractional excretion are 

<1. 

D. Other Findings 

The CBC may reveal leukocytosis and/ or eosinophilia. The 

incidence of eosinophilia is hypervariable and is more common when 

fever, rash and ·arthralgias are present. In those cases with 

eosinophilia it has been in the range of 10-30%. As with 

eosinophiluria the absence of eosinophilia cannot be considered a 

major deterrent to the diagnosis of ATIN irrespecti ve of other 

signs of ~ypersensitivity. Anemia is quite common and is generally 

related to acute renal failure. However, hemolytic anemia may be 

seen with a variety of drugs including penicillins, rifampin and 

.. allopur incl. Elevated serum levels of IgE have been reported in 

up to 50% of cases of drug-induced ATIN ( 48). In . some cases 

antibodies directed against the . dr:ug, drug hapten complex, or 

basement membrane may be seen. 

E. Eosinophiluria 

Eosinophils are not present in the urine under normal 

circumstances. A number of clinical studies have reported a high 

incidence of eosinophiluria in series of patients with drug-induced 

ATIN. Thus, a great deal of effort is exerted toward identifying 

eosinophils in the urine. However, the true evidence of 
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eosinophiluria among patients with ATIN is quite variable. In 

series reporting 4 or more cases of drug-induced ATIN 

eosinophiluria has been observed in 50-90% (48,105). 

Eosinophils are present in the interstitium in some cases of 

drug-induced ATIN but are usually sparse in number and make up only 

a small fraction of the total population of the cellular 

infiltrate. They presumably gain access to the urine via breaks 

in the tubular basement membrane. There is no correlation between 

eosinophiluria and eosinophils in the interstitial infiltrates. 

The presence of eosinophils in the urine is suggestive but by no 

means diagnostic of drug-induced ATIN. They are neither necessary 

nor sufficient to make the diagnosis of ATIN. Nevertheless, if the 

clinical situation is in accord with drug-induced ATIN, eosinophils 

in the urine are strongly supportive. Table VII lists the types 

of renal diseases which have been associated with eosinophilia . 

. TABLE VII 

Eosinophiluria: Clinical Occurrence 

Acute tubulointerstitial nephritis 
Urinary tract infections 

Pyelonephritis 
Prostatitis 
Cystitis 

Transplant rejection 
Glomerulonephritis 
Atheroembolic renal failure 

There is limited information concerning the predictive value 

(the probability of the disease given a positive test) of 

eosinophiluria in drug-induced ATIN. Available data suggest that 
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low percentages of eosinophils in the urinary population of white 

cells is not very specific for ATIN ( 106,107). The quantitation 

of urinary eosinophils may improve the sensitivity of the test as 

far as ATIN is concerned (see below). The l i kelihood of a biopsy 

proven case of ATIN increases substantially when the percentage of 

eosinophils (as a proportion of white blood cells) increases. The 

absence of eosinophils in the urine of patients with drug-induced 

ATIN correlates with minimal or absent eosinophil infiltrates in 

the kidney. It is not known why many cases of drug-induced ATIN 

lack eosinophiluria and eosinophils in the interstitium; however, 

recent studies by Teil et al may provide an explanation ( 107a). 

They demonstrated plentiful amounts of major basic prote i n, a 

cytolytic product of eosinophilic, in the interstitium of a patient 

with drug-induced ATIN in areas where no eosinophils could be seen. 

This finding suggests that eosinophils may enter t~e inf l ammator y 

site, release their cytop·lasmic granules, subsequently undergo 

cytolysis and disappear from interstitium and urine. 

At present the exact incidence of eosinophiluria in drug-

induced ATIN remains unknown. Nevertheless, they should be sought 

for in every case of unexplained acute renal failure, especially 

in patients who are taking potentially offending agents. Finally, 

it should be kept in mind that the presence of eosinophils in the 

urine may be due to other diseases including UTI, eosinophilic 

cystitis, ureteritis, glomerulonephritis, and atheroembolic acute 

renal failure. 
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Techniques for Detecting Urinary Eosinophils 

Both Wright's stain and Hansel's stain have been employed to 

detect urinary eosinophils. Both of these stains contain methylene 

blue and eosin y . · Generally ten ml of freshly voided urine is 

centrifuged at 2000 g for 5 minutes, the supernatant is decanted, 

the resuspended sediment is pipetted onto a slide, air dried and 

fixed in 95% methanol for 5 seconds. Eosinophils appear as 

binucleated cells with bright red granules using both Wright's 

stain and ·Hansel's tain. A recent report suggests that Hansel's 

stain is superior to Wright's stain in detecting eosinophiluria 

(105). This report has yet to be confirmed. 

Eosinophiluria is present if they represent greater than l% 

of the white cells detected. Generally at least, 200 white cells 

should be counted. Semiquantitative analysis is reported by some 

authors to correlate with the likelihood or diagnosing drug-induced 

ATIN. Thus, Corwin et al ·have demonstrated that predictive value 

of eosinophiluria for ATIN is 23% with greater than 1%, 40% with 

greater than 5% and 57% with greater than 10% urine eosinophils 

(107). 

In summary, urinary eosinophils occur in a variety of kidney 

and urinary tract disorders. The significance of eosinophiluria 

is limited by the lack of biopsy confirmed renal diagnoses. 

Nevertheless, urinary eosinophils are a helpful screening test for 

acute TIN and it is most useful when eosinophils are expressed as 

a percentage of total urinary leukocytes .. At low levels of 

eosinophiluria (less than 5%) the probability of drug-induced ATIN 
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is less than at high levels (greater than 5%). 

F. 67Gallium Scanning 

In -addition to urinary examination, urinary indices and 

routine chemistries, renal scanning with 67Gallium has been 

reported to detect ATIN in some patients. Wood et al (108) have 

reported 3 cases of patients with ATIN in whom 48 hour scans 

revealed intense uptake of the nuclide that returned to normal 

after resolution of the ATIN. In the series of nine patients with 

ATIN due to drugs reported by Linton et al (48) all had intense 

uptake of the nuclide. No patient with acute tubular necrosis had 

a positive scan; however, two out of two with acute pyelonephritis, 

two out of five cases of acute GN and four out of five patients 

with nephrotic syndrome due to nil disease had positive 67Gallium 

scans. Thus, in patients with ATIN the 67Gallium scan is a very 

sensitive adjunctive test; Rowever the specificity of this test is 

relatively low. 

G. Renal Biopsy 

The only definitive diagnostic test for ATIN is renal biopsy. 

Renal biopsy should be considered in any patient with acute renal 

failure of unknown origin. The incidence of ATIN as a course of 

renal failure has been reported as 3-14% based on biopsy-proven 

cases. When clinical suspicion for ATIN is high, yet systemi~ 

hypersensitivity is not apparent, a renal biopsy should be 

performed to establish the diagnosis. 
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IX. Diagnosis 

Any patient who presents with acute renal failure of_ uncertain 

etiology may have acute TIN. Renal failure is usually non-oliguric 

and may be moderate to severe. 

and administration should be 

A careful history of drug ingestion 

sought for. Fever, skin rash, 

eosinophilia and hemolytic anemia are important findings that 

support the diagnosis of drug-induced ATIN. A careful and thorough 

urinalysis should be performed looking for proteinuria, pyuria, and 

hematuria a Wright's stain for eosinophiluria should be done. 

Kidney size should be assessed; they are usually normal or 

increased in size as determined by KUB, sonogram or gallium 

scanning. A serum IgE level should be obtained. Urinary 

diagnostic indices should be measured with special attention to 

urinary sodium concentration, FENa+, and U/Posm. Table VIII is a 

compilation of several large studies in patients with acute TIN. 

As can be seen no one feature is present in every case. Hematuria, 

proteinuria, and pyuria occur in the majority of cases. 

Urinary/plasma osmolality is usually one or less. Eosinophiluria 

is present in the 50-100% of cases in the three series where it was 

reported. Raised IgE levels are present in about 50% of cases 

where it has been sought for. Renal.biopsy is definitive. 
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A. Differential Diagnosis 

The differential diagnosis of drug induced ATIN includes renal 

vasculitis, ATN, rapidly progressive glomerulonephritis and 

atheroembolic renal disease. These lesions may all present with 

unexplained acute renal failure. On clinical grounds alone it is 

often difficult to differentiate between these diseases. In most 

instances a renal biopsy ·is required to make the different i al 

diagnosis. Table ·IX provides some clinical features that help 

differentiate these disorders. 

Disease 

ATN 

RPGN 

TABLE IX 

Characteristic 
Urinary Findings 

granular casts, renal 
tubular cells 

red blood cell casts, 
proteinuria_ 

Athero- hematuria, proteinuria 
embolic disease 

ATIN 

Vasculitis 

hematuria, proteinuria, 
pyuria, eosinophiluria 

red cell casts, 
proteinuria 

Serum 
~ 

+/-

+/ -

Hyper
Eos i ne- chloremi c 

philia acidos i s 

+/ -

+ 

+ + 

The resolution of renal failure after withdrawal of the suspected 

agent is an important aspect of the diagnostic evaluation of 

patients with suspected ATIN. It should be noted that in many of 

the reported cases diagnostic confirmation is made on the basis of 

this finding in lieu of a tissue diagnosis. 
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X. Treatment and Prognosis 

A. Drug Withdrawal. 

The primary mode of treatment of ATIN is withdrawal of the 

offending agent. Most patients will recover fully from renal 

failure providing the drug is removed promptly. It should be noted 

that recurrent administrat-ion of the offending agent may be 

associated with recurrent renal failure (109). 

B. Corticosteroid Therapy 

A number of cases of ATIN from drugs have been reported to 

improve with corticosteroid therapy. There are no controlled 

trials and no established criteria for when to administer 

corticosteroids in this disease. Until controlled trials have been 

performed the indication of corticosteroids remains a clinical 

__ choice at the discretion of ~he attending physician. Nevertheless, 

a variety of regimens have been utilized including high dose oral 

therapy for one to two weeks (48) and intravenous bolus therapy 

followed by high dose oral administration for several days 

(110,111) . . There is no correlation between the intensity of the 

histologic lesion and the response to corticosteroids. If acute 

oliguric renal failure requiring dialysis develops a trial of 

corticosteroid therapy seems prudent since anecdotal reports 

suggest . this therapy shortens the course of renal failure · 

(48,110,111). The risk of short-term steroid therapy should be 

kept in mind when steroid therapy is contemplated. In general the 
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risk can be justified in oliguric renal failure if one considers 

the higher incidence of morbidity and mortality in this form of 

acute renal failure as compared to the non-oligur ic variety. 

However, high dose corticosteroid therapy is not without risk and 

should be administered with caution to patients since randomized 

trials have not been performed. Table X summarizes the management 

of drug-induced ATIN. 

TABLE X 

Management of Drug-Induced Acute Tubulointerstitial Nephritis 

1. Discontinue of offending agent 
2. Management of renal failure 

conservative 
dialysis 

3. Consider use of corticosteroids 

In conclu?ion, ATIN due to drugs is an increasingly recognized 

cause of acute renal failure. Tubular dysfunction often out of 

proportion to the degree of renal failure is observed and 

hyperkalemic hyperchloremic metabolic acidosis is an important 

clinical clue to the diagnosis. A secure diagnosis is often 

difficult on clinical grounds alone and renal biopsy remains the 

definitive test. ATIN should be considered in any patient with new 

acute renal failure, tubular defects or abnormal urin~ry sediment 
I I 

who is on drug therapy. Early recognition of the · etiology is 

important since the renal failure is reversible after 

discontinuation of the drug and may be (rarely) irreversible if the 
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drug is not stopped. Treatment is supportive. Steroid therapy may 

be considered on an individual basis. 

1. 

2 . 

3. 

4. 

. 5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
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