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Drug abuse and kidney 
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Abstract

Over the past 30 years, the number of drugs’ dependents has increased. Drugs cause psychosomatic changes and ultimately 

death. The rapid increasing of illicit drug use is an important social health problem. Their use may be therapeutic under 

medical supervision or illegal by users in dependency. The majority of these substances or their metabolites are excreted 

through the kidneys and renal complications of drug abuse are frequently encountered. They include a wide range of 

glomerular, interstitial and vascular diseases. The damage may be acute and reversible or chronic and may lead to end 

stage renal failure. The involvement of the kidney in drug use is either attributed to their elimination through it, to a 

direct nephrotoxic effect, or through other mechanisms. Acute renal failure (ARF) can be caused by rhabdomyolysis, 

hypotension and dehydration or by the direct toxic effect of heroin, cocaine abuse, MDMA or volatile solutes use. 

Glomerulonephritis and nephrotic syndrome can be presented as focal glomerulosclerosis in heroin nephropathy and 

cocaine abuse, post infectious or associated to HBV, HIV or HCV infection nephropathy. Chronic parenteral drug users 

may develop secondary amyloidosis. Finally, drug abuse can lead to ESRD mainly by causing deterioration of pre-

existing renal disease at a higher rate. In conclusion, significant alterations have been observed in the kidneys’ structure 

since they participate in drug metabolism. There is lack of retrospective studies and information has been given from 

case reports. The continuation of substance abuse after the appearance of renal damage increases the risk of permanent 

renal disease and consequently may lead to end stage renal failure. Hippokratia 2011; 15 (Suppl 2): 4-8
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Knowledge of drug abuse dates back to ancient times. 

In the 3rd century BC, Arab traders of opium as well as 

the Aztecs were using hallucinogenic substances, particu-

larly mushrooms around the same time1. Over the past 

30 years, the number of drugs’ dependents appears in-

creased2. By 1997, 25% of the population reported use of 

drugs at least once in their life time. Drug abuse appears 

to be more common in middle social-economic class and 

in young men 25 to 29 years of age3. There are avail-

able data on drug use in the general population in Greece 

from the study conducted by the University of Mental 

Health (UMHRI), in 2004 (European Monitoring Cen-

tre for Drugs and Addiction). It seems that drug use in 

Greece rose significantly from 1984 to 2004. According 

to this study, 8.6% of the Greek population, aged 12 to 

24 years, indicate to have experienced drug use, mainly 

cannabis. A study in 2006 indicates a rate of 17.4% hav-

ing used drugs at least once (24% men and 14% women). 

The ESPAD study in 2007 involved high school students 

aged 14 to 16 years showed that 6% had tried marijuana 

or hashish, and 9% of the students reported use of in-

halants4. The efforts of researchers to highlight addicted 

personalities of   special predisposition have not yielded 

positive results, but in Strang J’s report, a genetic pre-

disposition on drug abuse seems to exist2. Drugs cause 

psychosomatic changes and ultimately death. Among 

Europeans aged 15-39 years, drug overdoses account-

ed 4% of all deaths5. The rapid increasing of illicit 

drug use is clearly an important social health problem.  

Characteristics of drugs 

Drugs are defined as natural or synthetic substances 

that are used for medical or recreational purposes and the 

repeated use leads to transient or chronic dependency. This 

behaviour of mental and physical dependence is described 

as “toxic addiction” or the recently used term “substance 

addiction”. Drugs have toxic effects on human central 

nervous system; therefore, more correct is the term “toxic 

substances”6. According to the U.S. Justice Department, 

33 pharmaceutical substances are classified in the group 

of drugs (Table 1). Their use may be therapeutic under 

medical supervision or illegal by users in dependency7.  

a) Heroin (diacetylmorphine, diamorphine) is the most 

commonly used drug of the opioids group. The intake may 

be through the nasal, gastrointestinal, respiratory, subcu-

taneous («skin popping»), or intravenous («mainlining») 

route. It is often injected in combination with cocaine 

(«speed balling»)8. Heroin’s half life is 3 minutes and is 

rapidly metabolized into morphine, which is mainly re-

sponsible for the pharmacological actions of heroin. Hero-

in is excreted in urine as free and unconjugated morphine. 

There are multiple renal complications from its abuse 9.  

b) Cocaine is an alkaloid derived from a shrub (Erythrox-

ylon) that grows in the Andes. It can be absorbed through 
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any mucous membrane, smoked or injected, intravenous 

or intramuscular. It is estimated that it has a half-life of 

30 to 90 minutes. A rate of 80 to 90% of cocaine is me-

tabolized and the rest is excreted unchanged in urine, 

where metabolites can be detected for 36 to 48 hours10.  

c) Ecstasy (MDMA: 3, 4 - methylenedioxymethampheta-

mine), originally patented in 1914 as appetite suppressant, 

is a widely used recreational drug in the nightclubs of Eu-

rope during the so-called “rave” parties. It is generally taken 

orally. In the U.S.A., MDMA has not been taken as a dance 

drug and consequentially the spectrum of side effects is 

different with cardiac arrhythmias being more common11. 

The MDMA is rapidly absorbed, reaching maximum 

plasma concentration within approximately 2 hours12. It 

is metabolized by the liver and excreted by the kidneys.  

d) Temazepam and diazepam abuse is usually attributed 

to legitimate prescriptions or theft from pharmacies. 

Temazepam is now a controlled drug and can be taken in-

dividually or as part of a substances “cocktail”. About 70% 

of injecting drug users has used temazepam at some time13.  

e) The mushroom species of Panaeolus muscaria and Psi-

locybe (including Psilocybe Semilanceata - «liberty cap», 

«magic mushrooms») are hallucinogenic if eaten14. They 

are not nephrotoxic themselves, however, proper identifi-

cation of the mushroom is difficult and eating poisonous 

species is not uncommon. The Cortinarius mushrooms 

which contain the nephrotoxic agents of orellanine are 

not easily identifiable and can lead to kidney damage15.  

f) Deliberate inhalation of volatile solvents (“glue sniff-

ing”) was first appeared as a form of substance abuse in 

the early 1960’s by inhaling glue used in model planes. 

The practice is diversified and includes the use of ce-

ment glue, aerosol paints, lacquers, solvents, typewriter 

correction fluid and fuel16. These products contain some 

volatile substances, including toluene, n-hexane, me-

thyl ketones, chlorohydrocarbons and benzene. The 

euphoria induced by inhaling solvents is similar to al-

cohol intoxication. In addition, solvents can cause hal-

lucinations, of short-term duration (15 to 30 minutes)17 

and may develop serious heart, lung, liver, neurologi-

cal and renal complications, as well as sudden death18.  

Renal complications  

Key property of drugs is their analgesic effect via the 

central nervous system. Consequently, this action has an 

impact on other functions, such as heart rate, breathing 

rate and blood pressure. The majority of these substances 

or their metabolites are excreted through the kidneys and 

renal complications of drug abuse are common. They 

include a wide range of glomerular, interstitial and vas-

cular diseases. The damage may be acute and reversible 

or chronic and can leads to end stage renal failure. The 

involvement of the kidney in the use of drugs is either 

attributed to their elimination through the kidney, or a 

direct nephrotoxic effect, or through other mechanisms.  

Acute renal failure

Coma caused by heroin overdose leads to muscle 

damage and rhabdomyolysis. Hypotension, hypoxia, aci-

dosis and dehydration cause deterioration of renal func-

tion and development of acute renal failure. Grossman 

RA et al. indicate rhabdomyolysis in heroin users without 

the presence of coma, or evidence of muscle compres-

sion. They refer that this may be due to a direct toxic 

effect or an allergic reaction to heroin, or heroin additives 

flawed19. Also, acute or chronic cocaine use seems to be 

involved in acute renal failure which may occur as a result 

of rhabdomyolysis20, 21. Approximately 24% of patients 

examined in the emergency department with complaints 

related to cocaine, showed concentrations of creatine ki-

nase over 1000 U / l22. A rate of almost one third of these 

patients developed acute renal failure20, 23. Cocaine can 

cause rhabdomyolysis through muscle ischemia caused 

by prolonged vasoconstriction of intramuscular arter-

ies, by generalized convulsions and coma which leads to 

secondary compression of the muscles, or by direct dam-

age to muscle fibres. Cocaine may be contaminated with 

arsenic, strychnine, amphetamines and phencyclidine. 

These substances could be responsible for convulsions 

and rhabdomyolysis. Acute renal failure due to massive 

infarction in both kidneys and accelerated atherosclerosis 

in kidney has been reported in drug users24-27. Acute renal 

failure may occur also to users of MDMA or other am-

phetamines and the main mechanism is rhabdomyolysis. 

Amphetamines    Hydromorphone   Narcotics

Barbiturates    Inhalants    Opium

Benzodiazepines    K2    Oxycodone

Cannabis     Ketamine   Painkillers

Cocaine     Khat    PCP

Depressants    LSD    Peyote and Mescaline

Dextromethorphan (DXM)   Marijuana   Psilocybin

GHB     MDMA or Ecstasy   Rohypnol

Hallucinogens    Methadone   Salvia Divinorum

Heroin     Methamphetamine   Steroids (anabolic)

Hydrocodone    Morphine   Stimulants

Table 1: Pharmaceutical substances which are classified in the group of drugs according to the U.S. Justice Department

(http://www.justice.gov/dea/concern/concern.htm) 
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The patients usually present muscle pain and tenderness. 

Laboratory tests find an increase of creatinine and urea, 

potassium, phosphorus and creatine kinase. Myoglobin 

and granular casts are also detected in urine. Because of 

the frequency of acute renal failure, users are aware of the 

risk when dehydration coexists and often consume large 

quantities of water, so they may   present hyponatremia 

and / or cerebral edema28. Hyponatremia on dilution due 

to excessive fluid intake can coexist with inappropriate 

antidiuretic hormone29. Moreover, there are reported cases 

of MDMA users with malignant hypertension and acute 

renal failure which is associated with intense sympatho-

mimetic effects of MDMA30. Acute renal failure has been 

also described after intra-arterial injection of temazepam. 

Ischemia of the extremities is induced as a result of em-

bolization particles and subsequent rhabdomyolysis and 

myoglobinuria31. Severe, but temporally dialysis de-

pended, renal failure was present in 20% of temazepam 

users32. Oliguric acute renal failure may develop after in-

gestion of the mushroom Cortinarius within 5 to 12 days. 

In some patients, renal failure is transient33, but in others 

may be permanent34. Acute kidney failure can also occur 

in users of volatile solutes due to acute tubular necrosis35 

or acute interstitial nephropathy36 possibly due to tolu-

ene. Although there is no unanimity of opinion about the 

risk of health effects of smoking marijuana, there have 

been reported cases of patients with multisystemic in-

volvement after intravenous administration of marijuana. 

The severity appears to be dose dependent. It includes 

fulminant toxic hepatitis, gastroenteritis, hypoalbu-

minemia, acute renal failure, electrolyte disturbances, 

leukocytosis, anemia, and relative thrombocytopenia37. 

Glomerulonephritis and nephrotic syndrome  

The focal glomerulosclerosis is the predominant 

glomerular lesion in heroin nephropathy and increased 

mesangial matrix is considered a precursor of glomerulo-

sclerosis, which seems to depend on the time of exposure 

to morphine38. Heroin can cause glomerulonephritis with 

many indirect mechanisms, such as immune-mediated in 

bacterial and fungal endocarditis caused mainly in intra-

venous use39, 40. There is a high rate of viral, bacterial and 

fungal infections associated with intravenous drug use, 

including heroin41. Thus, the occurring glomerulonephri-

tis (GN) can be post-infectious. Local pyogenic abscess-

es by Staphylococcus aureus, have been associated with 

GN and this is due to deposition of immune complexes. 

Membranous glomerulonephritis due to HBV infection 

and mesangiocapillary  glomerulonephritis due to cry-

oglobulinemia accompanying the HCV infection have 

also been described. Secondary (AA) amyloidosis has in-

creased in frequency as a cause of renal disease in chron-

ic drug users by parenteral route, especially among those 

who inject drugs subcutaneously («skin poppers»)42,43. 

Chronic use can lead to end stage renal failure.  

Nephrotic syndrome has been reported due to secondary 

amyloidosis in chronic drug users by parenteral route. 

Terminating the usage is the most effective therapy44, 45. 

Unfortunately, there is no experimental model that relates 

heroin with renal failure, but the heterogeneity of the re-

sponse indicates different pathogenetic mechanisms. 

Also, there are no well-designed epidemiological stud-

ies providing information about heroin nephropathy39. In 

the 1970s and 1980s, nephropathy associated with heroin 

(HAN) was described. It is clinically shown as nephrotic 

syndrome and progresses rapidly to end stage renal fail-

ure. The process can be reversed with discontinuation of 

use9. The findings of renal biopsy usually present focal 

segmental glomerulosclerosis46. The pathogenesis is un-

clear. Heroin or any addition to its manipulation is con-

sidered to act as an antigen, leading to renal deposition 

of immune complexes9. Studies in animals have shown 

that morphine may have a direct effect on the glomeru-

lus, causing proliferation of fibroblasts and reducing the 

degradation of collagen type IV. In North America, a re-

duction in the incidence of heroin nephropathy (HAN) 

among intravenous users has been described47. This is 

explained by the improvement of the quality of heroin 

supplied to addicts, thus exposed to lower doses of poten-

tially nephrotoxic additional substances. Nowadays, ne-

phropathy associated with the virus HIV (HIVAN) is di-

agnosed more frequently in heroin addicts48. The HIVAN 

is also presented with nephrotic syndrome and rapidly 

progressive renal failure and in some urban communities 

in the U.S., can cause up to 38% of end stage renal fail-

ure49. Renal biopsy usually reveals characteristically fo-

cal glomerulosclerosis of a glomerular collapse type (col-

lapsing glomerular) with protrusion of epithelial cells. A 

recent publication incident with clinical and histological 

outcome of HIVAN after treatment with triple antiretro-

viral treatment and reduction of viral load supports the 

hypothesis that the virus has a direct cytotoxic action in 

the kidney 50. Purpura glomerulonephritis with Henoch-

Shonlein has also been described after using acetami-

nophen and codeine51. Severe renal failure has been re-

ported in users of oxycodone while biopsy revealed by 

the electron microscopy, fiber depositions between the 

glomeruli and between the tubular basement membrane52.  

Immunologically, cocaine has been proved to increase 

the mesangial through the release of interleukin-6 by 

macrophages and   evolves focal segmental glomeru-

losclerosis53. Administration of cocaine in experi-

mental models has both non-specific lesions in the 

glomerulus and the interstitial tissue39.Cases of renal 

scleroderma54 Henoch-Schoenlain purpura55, necrotiz-

ing vasculitis with multiorgan failure56 and Goodpas-

ture’s syndrome57 have been reported in cocaine users.  

Marijuana and cannabis do not seem to be implicat-

ed in glomerular injury but a de- novo posttransplant 

membranous GN in a chronic marijuana user after ca-

daveric kidney transplantation has been described58.  

The nephrotoxic action of volatile adhesives seems to 

be attributed to toluene59. Various renal lesions have 

been associated with its abuse. Microhematuria, pyu-

ria and proteinuria60, distal renal tubular acidosis and 

Fanconi syndrome, urinary stones61, glomerulonephri-
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tis62, Goodpasture syndrome63 have been described .  

The use of anabolic steroids can cause focal segmen-

tal glomerulosclerosis with proteinuria, either by hy-

perplasia or by mesangial direct nephrotoxic effect64.  

Chronic Renal Failure and Hypertension  

Increasing numbers of African-Americans in urban 

centers, developing hypertensive end stage renal fail-

ure has been observed in recent years65. Forty-four per 

cent of these patients have a history of substance abuse, 

compared to a 5% of diabetics and 11% of patients with 

other causes of renal disease. However, a study of 301 

chronic cocaine users showed no correlation with chronic 

hypertension or development of microalbuminuria66. It 

also seems that cocaine may cause deterioration of pre-

existing renal disease at a higher rate, rather than cause a 

de novo disease67. 

Conclusion: 

Drug abuse is a major social problem of the modern 

world. The impact on the psychological and the organ-

ic sphere causes severe burden on social behavior and 

physical health in this population. Significant alterations 

have been observed in the kidneys’ structure since they 

participate in drug metabolism. Glomerulus and intersti-

tial injury has been found in case reports. Unfortunately 

there is a lack of an experimental model as well as an 

efficiently designed research plan for the drug users. The 

continuation of substance abuse after the appearance of 

renal damage increases the risk of permanent renal dis-

ease and consequently leads to end stage renal failure. 

Decreasing the number of users seems to be the best way 

in order to avoid renal complications. 

References:
Crowe AV, Howse M, Bell GM, Henry JA. Substances abuse and 1. 

kidney. QJM. 2000; 93: 147-152.

Strang J. Substance Abuse: The Size of the Problem. Medicine. 2. 

1995; 23: 41–45.

Institute for the Study of Drug Dependence. General statistical 3. 

information about drugs. November 1997. http://www.drug-

scope.org.uk/Resources”

European Monitoring Centre for Drugs and Drug Addiction. Sta-4. 

tistics, country overviews: Greece. Http://www.emcdda.europa.

eu/publications/country-overviews/el.

European Monitoring Centre for Drugs and Drug Addiction. 5. 

Publications, 2010 annual report online. EMCDDA 2010 Annu-

al report — online version Drug-related infectious diseases and 

deaths — Drug-related deaths and mortality. http://www.emcd-

da.europa.eu/online/annual-report/2010/diseases-and-deaths/4.

Coordinating body of drug prosecution6. , National Unit of infor-

mation “report on drugs in Greece year 2007”.

Mercadante S, Ferrera P, Villari P, Casuccio A, Intravaia G, 7. 

Mangione S. Frequency, indications, outcomes, and predictive 

factors of opioid switching in an acute palliative care unit. J Pain 

Symptom Manage. 2009; 37: 632-641.

Gerada C, Ashworth M. ABC of mental health: Addiction and 8. 

dependence I: Illicit drugs. Br Med J. 1997; 315: 297-300.

Sreepada Rao TKS, Nicastri AD, Friedman EA. Renal conse-9. 

quences of narcotic abuse. Adv Nephrol. 1977; 7: 261-290.

Benowitz NL. Clinical pharmacology and toxicology of cocaine. 10. 

Pharmacol Toxicol. 1993; 72: 3-12.

Dowling GP, McDonough ET, Bost RO. ‘Eve’ and ‘Ecstasy’. 11. 

A report of five deaths associated with the use of MDEA and 

MDMA. JAMA. 1987; 257: 1615–1617.

Verebey K, Alrazi J, Depace A. The complications of ‘Ecstasy’ 12. 

(MDMA). JAMA. 1988; 259: 1649-1650.

Lavelle TL, Hammersley R, Forsyth A. The use of buprenor-13. 

phine and temazepam by drug injectors. J Addict Dis. 1991; 10: 

5-14.

Proudfoot AT. Acute Poisoning, 2nd edn. Butterworth-Heinne-14. 

man, 1993: 145-160.

Richard JM, Louis J, Cantin D. Nephrotoxicity of orellanine, a 15. 

toxin from the mushroom Cortinarius orellanus. Arch Toxicol. 

1988; 62: 242-245.

Ramsey JD, Anderson HR, Bloor K, Flanagan RJ. An introduc-16. 

tion to the practice, prevalence, and chemical toxicology of vola-

tile substance abuse. Hum Toxicol. 1989; 8: 261-269.

Bruckner JV, Peterson RG. Evaluation of toluene and acetone 17. 

inhalant abuse: pharmacology and pharmacodyamics. Toxicol 

Appl Pharmacol. 1981; 61: 27-38.

Meadows R, Verghese A. Medical complications of glue sniff-18. 

ing. South Med J. 1996; 89: 455-462.

Grossman RA, Hamilton RW, Morse BM, Penn AS, Goldberg 19. 

M. Nontraumatic rhabdomyolysis and acute renal failure. N 

Engl J Med. 1974; 291: 807-811.

Roth D, Alarcon FJ, Fernandez JA, Preston RA, Bourgiognie JJ. 20. 

Acute rhabdomyolysis associated with cocaine intoxication. N 

Engl J Med. 1988; 319: 673-677.

Gomez M, Castaneda M, Araujo AM, Martin MP, Batllori M. 21. 

Consequences of heroin consumption: Compartmental syndrome 

and rhabdomyolysis. An Sist Sanit Navar. 2006; 29: 131-135.

Welch RD, Todd K, Krause GS. Incidence of cocaine-associated 22. 

rhabdomyolysis. Ann Emerg Med. 1991; 20: 154-157.

Hsu WY, Chiu NY, Liao YC. Rhavdomyolysis and brain ischem-23. 

ic stroke in a heroin-dependent male under methadone mainte-

nance therapy. Acta Psychiatr Scand. 2009; 120: 76-79.

Sharff JA. Renal infarction associated with intravenous cocaine 24. 

use. Ann Emerg Med. 1984; 13: 1145-1147.

Fogo A, Superdock KR, Atkinson JB. Severe arteriosclerosis in 25. 

the kidney of a cocaine addict. Am J Kid Dis. 1992; 20: 513-515.

Di Paolo N, Fineschi V, Di Paolo M, Wetley CV, Del Vecchio 26. 

MT, Bianciardi G. Kidney vascular damage and cocaine. Clin 

Nephrol. 1997; 47: 298-303.

Furaz K, Bernis Carro C, Cirugeda Garcia A, Perez de Jose A, 27. 

Tomero Sanchez JA. Renal infraction and acute renal failure due 

to cocaine use. Nefrologia. 2008; 28: 347-349.

Maxwell DL, Polkey MI, Henry JA. Hyponatraemia and cata-28. 

tonic stupor after taking “ecstasy”. BMJ. 1993; 307: 1399.

Henry JA, Fallon JK, Kicman AT, Hutt AJ, Cowan DA, Forsling 29. 

M. Low-dose MDMA (“ecstasy”) induces vasopressin secretion. 

Lancet. 1998; 351: 1784.

Woodrow G, Harnden P, Turney JH. Acute renal failure due to 30. 

accelerated hypertension following ingestion of 3,4-methylen-

edioxymethamphetamine (“ecstasy”). Nephrol Dial Transplant. 

1995; 10: 399-400.

Blair SD, Holcombe C, Coombes EN, O’Malley MK. Leg is-31. 

chaemia secondary to non-medical injection of temazepam. Lan-

cet. 1991; 338: 1393-1394.

Jenkinson DF, Pusey CD. Rhabdomyolysis and renal failure af-32. 

ter intra-arterial temazepam. Nephrol Dial Transplant. 1994; 9: 

1334-1335.

Raff E, Halloran PF, Kjellstrand CM. Renal failure after eating 33. 

“magic” mushrooms. Can Med Assoc J. 1992; 147: 1339-1341.

Short AK, Watling R, MacDonald MK, Robson JS. Poisoning by 34. 

Cortinarius speciosissmus. Lancet. 1980; 2: 942-944.

Gupta RK, van der Meulen J, Johny KV. Oliguric acute renal 35. 

failure due to glue-sniffing. Scand J Urol Nephrol. 1991; 25: 

247-250.



8 PANTELIAS K

Taverner D, Harrison DJ, Bell GM. Acute renal failure due to 36. 

intersitital nephritis induced by ‘glue sniffing’ with subsequent 

recovery. Scot Med J. 1988; 33: 246-247.

Payne RJ, Brand SN. The toxicity of intravenously used mari-37. 

huana. JAMA. 1975; 233: 351-354.

Singhal PC, Gibbons N, Abramovici M. Long term effects of 38. 

morphine on mesangial cell proliferation and matrix synthesis. 

Kidney Int. 1992; 41: 1560-1570.

Roberts WC, Rabson AS. Focal glomerular lesions in fungal en-39. 

docarditis. Ann Int Med. 1975; 71: 963-970.

Jaffe JA, Kimmel PL. Chronic nephropathies of cocaine and 40. 

heroin abuse: a critical review. Clin J Am Soc Nephrol. 2006; 

1: 655-667. 

Tuazon CU, Hill R, Sheagren JN. Microbiologic study of street 41. 

heroin and injection paraphernalia. J Infect Dis. 1974; 129: 327-

329.

Manner I, Sagedal S, Røger M, Os I. Renal amyloidosis in in-42. 

travenous heroin addicts with nephrotic syndrome and renal fail-

ure. Clin Nephrol. 2009; 72: 224-228.           

Neugarten J, Gallo GR, Buxbaum J, Katz LA, Rubenstein J, 43. 

Baldwin DS. Amyloidosis and subcutaneous heroin abusers 

(“skin poppers’ amyloidosis”). Am J Med. 1986; 81: 635-640.

Connolly JO, Gillmore JD, Lachmann HJ, Davenport A, 44. 

Hawkins PN, Woolfson RG. Renal amyloidosis in intravenous 

drug users. QJM. 2006; 99: 737-742. 

Crowley S, Feinfeld DA, Janis R. Resolution of nephrotic syn-45. 

drome and lack of heroin-associated renal amyloidosis. Am J 

Kid Dis. 1989; 13: 333-335.

Cunningham EE, Brentjens JR, Zielezny MA, Andres GA, 46. 

Venuto RC. Heroin nephropathy. A clinicopathologic and epide-

miologic study. Am J Med. 1980; 68: 47-53.

Friedman EA, Tao TK. Disappearance of uremia due to heroin-47. 

associated nephropathy. Am J Kid Dis. 1995; 25: 689-693.

D’Agati V, Suh JI, Carbone L, Cheng JT, Appel G. Pathology of 48. 

HIV-associated nephropathy: A detailed morpholgic and com-

parative study. Kidney Int. 1989; 35: 1358-1370.

Pastan S, Bailey J. Dialysis therapy. N Engl J Med. 1998; 338: 49. 

1428-1437.

Wali RK, Drachenberg CI, Papadimitriou JC, Keay S, Ramos 50. 

E. HIV-1-associated nephropathy and response to highly-active 

antiretroviral therapy. Lancet. 1998; 352: 783-784.

Santoro D, Stella M, Castellino S. Henoch-Schönlein purpura 51. 

associated with acetaminophen and codeine. Clin Nephrol. 

2006; 66: 131-134. 

Hill P, Dwyer K, Kay T, Murphy B. Severe chronic renal failure 52. 

in association with oxycodone addiction: a new form of fibrillary 

glomerulopathy. Hum Pathol. 2002; 33: 783-787. 

Mattana J, Gibbons N, Singhal PC. Cocaine interacts with mac-53. 

rophages to modulate mesangial cell proliferation. J Pharmacol 

Exp Ther. 1994; 271: 311-318.

Lam M, Ballou SP. Reversible scleroderma renal crisis after co-54. 

caine use. N Engl J Med. 1992; 326: 1435.

Chevalier X, Rostoker G, Larget-Piet B, Gherardi R. Schoen-55. 

lain-Henoch purpura with necrotizing vasculitis after cocaine 

snorting. Clin Nephrol. 1995; 43: 348-349.

Neynaber S, Mistry-Burchardi N, Rust C, Samtleben W, Burg-56. 

dorf WH, Seitz MA, et al. PR3-ANCA-positive necrotizing 

multi-organ vasculitis following cocaine abuse. Acta Derm Ve-

nereol. 2008; 88: 594-596.

Sirvent AE, Enríquez R, Andrada E, Amorós F, Gallego JA, 57. 

González C, et al. Goodpasture’s syndrome in a patient using 

cocaine--a case report and review of the literature. Clin Nephrol. 

2007; 68: 182-185. 

Bohatyrewicz M, Urasinska E, Rozanski J, Ciechanowski K. 58. 

Membranous glomerulonephritis may be associated with heavy 

marijuana abuse. Transplant Proc. 2007; 39: 3054-3056. 

Patel R, Benjamin J Jr. Renal disease associated with toluene 59. 

inhalation. J Toxicol Clin Toxicol. 1986; 24: 213-223.

Streicher HZ, Gabow PA, Moss AH, Kono D, Kaehny WD. Syn-60. 

dromes of toluene sniffing in adults. Ann Intern Med. 1981; 94: 

758-762.

Kaneko T, Koizumi T, Takezaki T, Sato A. Urinary calculi asso-61. 

ciated with solvent abuse. J Urol. 1992; 147: 1365-1366.

Venkataraman G. Renal damage and glue sniffing. Br Med J. 62. 

1981; 283: 1467.

Bonzel KE, Muller-Wiefel DE, Ruder H, Wingen AM, Waldherr 63. 

R, Weber M. Anti-glomerular basement membrane antibody-

mediated glomerulonephritis due to glue sniffing. Eur J Paediatr. 

1987; 146: 296-300.

Herlitz LC, Markowitz GS, Farris AB, Schwimmer JA, Stokes 64. 

MB, Kunis C, et al. Development of focal segmental glomeru-

losclerosis after anabolic steroid abuse. J. Am. Soc. Nephrol. 

2010; 21: 163-172.

Thornhill-Joynes M, Norris KC, Witana SC, Ward HJ, Barbour 65. 

B. The impact of substance abuse on hypertensive end-stage re-

nal disease in inner city African-Americans. J Am Soc Nephrol. 

1994; 5: 342.

Brecklin CS, Gopaniuk-Folga A, Kravetz T, Sabah S, Singh A, 66. 

Arruda JAL, et al. Prevalence of hypertension in chronic cocaine 

users. A J Hypertension. 1998; 11: 1279-1283.

Dunea G, Arruda JA, Bakir AA, Share DS, Smith EC. Role of 67. 

cocaine in end-stage renal disease in some hypertensive African-

Americans. Am J Nephrol. 1995; 15: 5-9.


