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Resumo 
 
 

Introdução: Nefrotoxicidade é a principal complicação do uso de 

aminoglicosídeos. Existem poucas informações sobre a prevalência e os 

fatores de risco para nefrotoxicidade por aminoglicosídeos em paciente 

internados em unidades de terapia intensiva. Objetivos: Avaliar a prevalência, 

a mortalidade e os fatores de risco para nefrotoxicidade por aminoglicosídeos 

em pacientes internados em Unidade de Terapia Intensiva geral.  Casuística e 

Métodos: Foram avaliados a prevalência, os fatores de risco e a mortalidade 

da nefrotoxicidade por aminoglicosídeo de 360 pacientes internados em terapia 

intensiva com filtração glomerular calculada por fórmula (MDRD, RFG) basal 

≥30ml/min/ 1,73m2, que iniciaram o uso do antibiótico na terapia intensiva; 

nefrotoxicidade foi definida como queda >20% na RFG em relação ao RFG 

basal. Resultados: Entre os pacientes estudados 209 (58%) desenvolveram 

nefrotoxicidade (IRA) e 151 não alteraram a função renal (não IRA). Ambos os 

grupos (média±desvio padrão) tinham RFG basal similar (89±42 ml/min/ 1,73m2 

no grupo IRA versus 84±42 ml/min/ 1,73m2 no grupo não IRA). O grupo IRA 

teve menor nadir de RFG (45±27 ml/min/ 1,73m2 versus 79±39 ml/min/ 1,73m2, 

p<0,001), idade maior (56±18 anos versus 52±19 anos, p=0,033), maior 

prevalência de diabetes (19,6% versus 9,3%, p=0,007), uso simultâneo mais 

freqüente de outras drogas nefrotóxicas (51% versus 38%, p=0,024) e 

contraste (18% versus 8%, p=0,0054), maior prevalência de hipovolemia (44% 

versus 27%, p=0,001), hipotensão (63% versus 44%, p=0,0003), choque (56% 

versus 31%, p<0,0001) e icterícia (19% versus 8%, p=0,0036). A mortalidade 
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foi 44,5% no grupo IRA e 29,1% no grupo não IRA (p=0,0031). A análise por 

regressão logística identificou como fatores de risco independente para a 

nefrotoxicidade por aminoglicosídeo, RFG basal <60ml/min/1,73m2 [OR 0,42 

(IC 95% 0,24-0,72, p=0,02)], diabetes [OR 2,13 (IC 95% 1,01-4,49, p=0,046)], 

uso simultâneo de outras drogas nefrotóxicas [OR 1,61 (IC 95% 1,00-2,59, 

p=0,048)], uso de contraste iodado [OR 2,13 (IC 95% 1,02-4,43, p=0,043)] e 

hipotensão [OR 1,83 (IC 95% 1,14-2,94, p=0,012)]. Conclusões: 

Nefrotoxicidade por aminoglicosídeo foi freqüente e associada a alta 

mortalidade em pacientes de UTI. A presença de diabetes, hipotensão, uso 

simultâneo de outras drogas nefrotóxicas e contraste iodado foram fatores de 

risco independentes para o desenvolvimento de nefrotoxicidade. 

 

Palavras-Chave: 1. Aminoglicosídeos; 2. Insuficiência Renal Aguda; 3. Rim, 

efeito de drogas. 
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Abstract 
 

 

Introduction: Nephrotoxicity is the main adverse effect of aminoglycoside 

use. There are few information about its prevalence and risk factor in intensive 

care unit patients. Objectives: To assess the prevalence, mortality and risk 

factors for aminoglycoside nephrotoxicity in ICU patients.  Casuistic and 

Method: In order to assess the prevalence of, and risk factors for 

aminoglycoside nephrotoxicity in the ICU, 360 consecutive patients starting 

aminoglycoside therapy in the ICU with a baseline calculated GFR (cGFR) ≥30 

ml/min/1.73 m2 were evaluated. Results: Of them, 209 (58%) developed 

aminoglycoside-induced nephrotoxicity (AKI, decrease in cGFR >20% from 

baseline), while 151 did not (non-AKI). Both groups had similar baseline cGFR. 

The AKI group developed a lower cGFR nadir (45 ± 27 vs. 79 ± 39 ml/min/1.73 

m2, p<0.001), was older (56 ± 18 y vs. 52 ± 19 y, p=0.033), had a higher 

prevalence of diabetes (19.6% vs. 9.3%, p=0.007), used other nephrotoxic 

drugs (51% vs. 38%, p=0.024) and iodinated contrast more frequently (18% vs. 

8%, p=0.0054), showed higher prevalence of hypotension (63% vs. 44%, 

p=0.0003), shock (56% vs. 31%, p<0.0001), and jaundice (19% vs. 8%, 

p=0.0036). Mortality was 44.5% in the AKI and 29.1% in the non-AKI groups 

(p=0.0031). A logistic regression model identified as significant (p<0.05) 

independent factors affecting aminoglycoside-induced nephrotoxicity baseline 

cGFR<60 ml/min/1.73 m2 (OR 0.42), diabetes (OR 2.13), simultaneous use of 

other nephrotoxins (OR 1.61) or iodinated contrast (OR 2.13), and hypotension 

(OR 1.83). Conclusion: The AKI was frequent among ICU patients using 



 ix

aminoglycoside, and it was associated with high mortality. The presence of 

diabetes, hypotension, simultaneous use of other nephrotoxic drugs, and 

iodinated contrast were independent risk factors for the development of 

aminoglycoside-induced nephrotoxicity. 

 

Key-Words: 1.  Aminoglycoside; 2. Acute renal failure; 3. Kidney, drugs effect. 
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1. INTRODUÇÃO 
 

1.1. Histórico 

 

As pesquisas que culminaram na descoberta dos aminoglicosídeos 

iniciaram-se devido à ineficácia da penicilina no tratamento de infecções 

causadas por microorganismos gram-negativos. Em 1932, a “American 

National Association Against Tuberculosis” solicitou que Waksman e seu grupo, 

do Departamento de Microbiologia da Unidade de Agricultura Experimental da 

Universidade Rutgers, avaliassem os relatos de que o bacilo da tuberculose era 

destruído no solo. Ele concluiu que provavelmente microorganismos do solo 

produziam uma substância que destruía o bacilo da tuberculose, a que ele 

chamou de antibiótico. A partir de 1939 começaram estudos planejados para a 

obtenção de substâncias antimicrobianas e, em 1943, após examinar mais de 

10.000 microorganismos do solo, Waksman e colaboradores, isolaram a 

streptomicina. Em 1944 já eram anunciados os primeiros relatos de bons 

resultados deste antibiótico contra a tuberculose. (1) 

A descoberta da streptomicina rendeu a Selman Abraham Waksman o 

Prêmio Nobel em Fisiologia ou Medicina em 1952, pois foi o “primeiro 

antibiótico efetivo contra a tuberculose” e pelo desenvolvimento de métodos e 

técnicas que levaram a sua descoberta. 

Após a descoberta da estreptomicina, foram descobertos vários novos 

antibióticos derivados de actinomicetos (Quadro 1). Os mais utilizados são 

gentamicina, amicacina, tobramicina e neomicina. 
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Quadro 1. Antibióticos aminoglicosídeos. 

Nome Gênero Ano da 
Descoberta 

Streptomycin Streptomyces griseus 1944 

Neomicina Streptomyces fradiae 1949 

Kanamicina Streptomyces kanamyceticus 1957 

Paromomicina Streptomyces fradiae 1959 

Gentamicina Micromonospora purpurea 1963 

Tobramicina Streptomyces tenebrarius 1968 

Amicacina Streptomyces kanamyceticus 1972 

Netilmicina Micromonospora inyoensis 1975 

Spectinomicina Streptomyces spectabilis 1962 

Sisomicina Micromonospora inyoensis 1970 

Dibecacina Streptomyces kanamyceticus 1971 

Isepamicina Micromonospora purpurea 1978 

 

1.2. Aminoglicosídeos 

 

Os antibióticos aminoglicosídeos são agentes bactericidas de extrema 

eficácia nas infecções por gram-negativos e que possuem sinergismo contra 

gram-positivos quando em associação com antibióticos beta-lactâmicos. O seu 

efeito colateral mais importante é nefrotoxicidade. 

Os aminoglicosídeos tem um peso molecular pequeno, que varia de 445 a 

600 daltons, são altamente solúveis em água, estáveis em pH 6 a 8 e possuem  

estrutura polar de cátions, o que impede sua absorção oral e dificulta sua 

penetração no espaço intracelular ou através da barreira hemato-encefálica. 
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A farmacocinética de todos os aminoglicosídeos é bastante semelhante. 

Devido a sua natureza polar, são pouco absorvidos pelo trato gastrointestinal. 

Menos de 1% da dose é absorvida após administração oral ou retal. A principal 

via de administração é parenteral, com o antibiótico atingindo concentração 

plasmática máxima 30 a 90 minutos após sua administração. 

A ligação dos aminoglicosídeos à albumina plasmática é insignificante. O 

fato de serem insolúveis em lipídios faz com que sua a concentração nas 

secreções e tecidos seja reduzida, pois atravessam mal as membranas 

biológicas que não tenham um mecanismo de transporte. A meia vida 

sanguínea é de duas a três horas nos pacientes com função renal normal. 

Sua eliminação ocorre pelos rins, através de filtração glomerular. A meia 

vida no córtex renal é estimada entre 30 a 700 horas, o que faz com que ainda 

haja eliminação urinária 20 a 30 dias após a administração da última dose do 

antibiótico. 

Dentre seus efeitos tóxicos, destacam-se como mais importantes a 

nefrotoxicidade, a ototoxidade e o bloqueio neuromuscular. A freqüência 

relatada destes efeitos colaterais varia amplamente devido à falta de 

uniformidade nos critérios utilizados para diagnóstico. O bloqueio 

neuromuscular é raro, a ototoxicidade varia de 0 a 62% (coclear) e 0 a 19% 

(vestibular) e a nefrotoxicidade varia de 0 a 50%.(2) 

Vários estudos têm sido realizados em animais na tentativa de elucidar o 

mecanismo da nefrotoxicidade. O ponto de partida para a nefrotoxicidade é 

ligação do fármaco com o túbulo proximal. Acredita-se que possam existir 

receptores específicos no túbulo proximal onde ocorre endocitose do 
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aminoglicosídeo (mesma via por onde são clareados aminoácidos, pequenos 

peptídeos e talvez poliaminas).(3) 

A ligação com a membrana tubular ocorre através da megalina, um 

receptor endocitótico expressado na membrana apical do epitélio tubular 

proximal. A megalina é um dos transportadores responsáveis pela reabsorção 

do filtrado glomerular e também se liga a proteínas de baixo peso molecular. 

Uma vez ligado a megalina, o complexo aminoglicosídeo-megalina é 

transportado para dentro da célula e se une com o lisossomo. Neste ponto, 

ocorrerá fusão com estruturas pré-existentes, causando progressiva deposição 

de lipídeos polar que adotam disposição concêntrica lamelar, formando o 

chamado corpo mielóide. 

Também permanece a ser esclarecido o mecanismo pelo qual o 

aminoglicosídeo diminui a filtração glomerular. Propõe-se que poderia haver 

uma combinação de quatro fatores: liberação de hormônios vasoconstrictores 

afetando a arteríola aferente, restos celulares obstruindo o néfron individual, 

passagem de resíduos através do epitélio danificado e alteração na 

fenestração glomerular com diminuição do coeficiente de ultrafiltração 

glomerular.(4) 

 

1.3. Nefrotoxicidade 

 

A incidência de IRA varia amplamente em diversas publicações, devido 

aos diferentes critérios estabelecidos para seu diagnóstico, diferença na 
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população estudada, tipo de estudo, intervalo de administração do 

aminoglicosídeo e fatores de risco concomitante.  

A população estudada é um fator importante na nefrotoxicidade. Em um 

pequeno grupo de voluntários jovens saudáveis, a incidência foi de zero e 

chegou a 50% em pacientes idosos com doença multissistêmica e uso 

concomitante de outras drogas nefrotóxicas.(5) Além disso, outros fatores 

também tem sido aventados como influenciando a nefrotoxicidade, tais como 

tempo de administração da droga,(6) tipo de aminoglicosídeo utilizado,(7) 

gravidade dos pacientes(8) e presença de diabetes.  

 

1.4. Fatores de Risco 

 

Em modelos animais, vários fatores foram estudados como 

potencializadores da nefrotoxicidade. Entre eles destacam-se uso de doses 

múltiplas, sexo masculino, infecção, acidose, depleção de volume e de sódio, 

hipocalemia, hipomagnesemia, doença hepática e uso simultâneo de outras 

drogas nefrotóxicas. Os fatores que podem reduzir a nefrotoxicidade são dose 

única, sexo feminino, alcalose, euvolemia, uso de hormônio tireoidiano, 

sobrecarga de cálcio, diabetes mellitus, uso penicilina de amplo espectro, ácido 

poliaspártico e cefalotina.(2) 

Existem poucos estudos clínicos que avaliaram os fatores de risco de 

nefrotoxicidade por aminoglicosídeos. Os fatores de risco podem ser divididos 

em relacionados ao paciente, relacionados ao aminoglicosídeo e ao uso de 

drogas simultâneas. Como relacionados ao paciente temos idade avançada, 
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doença renal pré-existente, hipotensão, depleção de volume e disfunção 

hepática. Como relacionados ao aminoglicosídeo temos doses altas, uso por 

mais de três dias, intervalo das doses e uso recente de aminoglicosídeo. O uso 

simultâneo de aminoglicosídeo com outras drogas nefrotóxicas (vancomicina, 

anfotericina B, clindamicina, piperacilina, cefalosporina, foscarnet e contraste 

radiológico) também tem sido aventado como fator de risco.(2) 

Os estudos que avaliaram os fatores de risco para nefrotoxicidade por 

aminoglicosídeos usualmente não incluem doentes críticos, estudaram um 

número pequeno de pacientes, avaliaram os fatores isoladamente e muitas 

vezes utilizaram metodologia estatística inadequada.  

 

1.5. Quadro Clínico 

 

A nefrotoxicidade por aminoglicosídeo causa insuficiência renal aguda 

não oligúrica, com queda na taxa de filtração glomerular. Geralmente ocorre de 

7 a 10 dias após o início do tratamento. A evolução para insuficiência renal 

oligo-anúrica, diálise dependente, é rara. 

O seu acúmulo no túbulo proximal causa disfunção tubular que pode 

manifestar-se como distúrbio metabólico incluindo hipomagnesemia, 

hipocalcemia e hipocalemia. Essas alterações tubulares podem também 

provocar enzimúria, aminoacidúria, glicosúria e proteinúria, caracterizando uma 

síndrome semelhante à Fanconi. Alterações da capacidade de concentração 

urinária também são descritas.  O exame de urina tipo I pode revelar cilindrúria 

e leucocitúria leves.  
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A concentração sérica de creatinina usualmente retorna ao normal dentro 

de 21 dias após interrupção do uso de aminoglicosídeo. A resolução do 

episódio de lesão renal aguda pode ser demorada se o paciente permanecer 

hipovolêmico, séptico ou hipercatabólico. 

 

1.6. Objetivos 

 

O objetivo deste estudo foi avaliar a prevalência, a mortalidade e os 

fatores de risco para nefrotoxicidade por aminoglicosídeos em pacientes 

internados em Unidade de Terapia Intensiva geral, no Hospital de Base da 

Faculdade de Medicina de São José do Rio Preto. 
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2. ARTIGOS CIENTÍFICOS 

2.1. Artigo 1: Nefrotoxicidade dos aminoglicosídeos 
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2.2. Artigo 2: Prevalence and risk factors for aminoglycoside 

nephrotoxicity in the ICU. 

 
Prevalence and risk factors for aminoglycoside nephrotoxicity in the ICU 

João F. P. Oliveira 1 

Carolina A. Silva 1 
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Synopsis 

In order to assess the prevalence of, and risk factors for aminoglycoside 

nephrotoxicity in the ICU, 360 consecutive patients starting aminoglycosides 

therapy in the ICU with a baseline calculated GFR (cGFR) ≥ 30 ml/min/1.73 m2 

were evaluated. Of them, 209 (58%) developed aminoglycoside-induced 

nephrotoxicity (AKI, decrease in cGFR > 20% from baseline), while 151 did not 

(non-AKI). Both groups had similar baseline cGFR. The AKI group developed a 

lower cGFR nadir (45 ± 27 vs. 79 ± 39 ml/min/1.73 m2, p < 0.001), was older 

(56 ± 18 y vs. 52 ± 19 y, p = 0.033), had a higher prevalence of diabetes (19.6% 

vs. 9.3%, p = 0.007), used other nephrotoxic drugs (51% vs. 38%, p = 0.024) 

and iodinated contrast more frequently (18% vs. 8%, p = 0.0054), showed 

higher prevalence of hypotension (63% vs. 44%, p = 0.0003), shock (56% vs. 

31%, p < 0.0001), and jaundice (19% vs. 8%, p = 0.0036). Mortality was 44.5% 

in the AKI and 29.1% in the non-AKI groups (p = 0.0031). A logistic regression 

model identified as significant (p<0.05) independent factors affecting 

aminoglycoside-induced nephrotoxicity baseline cGFR < 60 ml/min/1.73 m2 (OR 

0.42), diabetes (OR 2.13), use of other nephrotoxins (OR 1.61) or iodinated 

contrast (OR 2.13), and hypotension (OR 1.83). 

In conclusion, AKI was frequent among ICU patients using aminoglycoside, and 

it was associated with high mortality. The presence of diabetes, hypotension, 

use of other nephrotoxic drugs, and iodinated contrast were independent risk 

factors for the development of aminoglycoside-induced nephrotoxicity.
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Introduction 

 

 Aminoglycosides are potent bactericidal antibiotics that are highly 

effective against Gram-negative bacterial infections. They have been 

increasingly used as Gram-negative organisms have become progressively 

more resistant to beta-lactam antibiotics and fluoroquinolones.1 In fact, they 

were recently found to be prescribed in 12.1% of the cases in which an 

antibiotic was necessary in the ICU.2 Aminoglycosides are administered by 

parenteral route, have a low albumin plasma binding, and are freely eliminated 

by glomerular filtration.3 A fraction of the filtered load of the antibiotic binds to 

megalin, a receptor from the brush border of proximal tubule segments S1 and 

S2, which then transports it to the interior of the tubule cells.4 Their half-life in 

the renal cortex is estimated to range between 30 and 700 hours. 5  

 The most important adverse effects of aminoglycosides are 

nephrotoxicity, ototoxicity, and, more rarely, neuromuscular blockade. Renal 

injury can occur in a significant number of patients receiving aminoglycoside, 

and whether it occurs depends on the patients’ clinical conditions and 

interactions with other nephrotoxic drugs.3 The most usual clinical presentation 

for aminoglycoside nephrotoxicity is non-oliguric acute kidney injury (AKI), 

which occurs following 7-10 days of therapy. 3,5 Aminoglycoside-induced kidney 

injury may manifest as a decrease in the glomerular filtration rate, enzymuria, 

aminoaciduria, glycosuria, hypomagnesemia, hypocalcemia, and hypokalemia. 

Fanconi-like and Bartter-like syndromes, as well as impaired renal 

concentrating mechanisms, have also been described.3,6-8 
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 Several risk factors have been identified in aminoglycoside 

nephrotoxicity, including the presence of co-morbidities, volume depletion, liver 

dysfunction, sepsis, renal dysfunction, hypokalemia, hypomagnesemia, 

advanced age, prolonged therapy, type of aminoglycoside, frequency of 

aminoglycoside dosing, elevated plasmatic aminoglycoside concentration, 

timing of aminoglycoside administration, simultaneous medications, and 

interaction with other nephrotoxic drugs.9 However, the majority of published 

studies 10-15 did not evaluate several of the most important risk factors 

simultaneously, had small sample sizes, or did not use appropriate statistical 

methods for risk factor assessment. In addition, few studies analyzed intensive 

care unit (ICU) patients. 

 Therefore, the aim of the present study was to assess the prevalence of 

aminoglycoside nephrotoxicity in a large cohort of ICU patients, and identify the 

independent risk factors associated with the development of renal injury.  
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Patients and methods 

 

 This study was realized through a retrospective cohort analysis of the 

patients admitted to a clinical-surgical ICU (24 beds) of a tertiary university 

hospital over a period of three consecutive years. The study was approved by 

the local Ethics Committee (Sao Jose do Rio Preto Medical School, Sao Jose 

do Rio Preto, Brazil).  

 The ICU patients included in the study were ≥ 18 years old, they had 

begun aminoglycoside use (amikacin or gentamicin) at the ICU, they had been 

taking the antibiotic for at least four days, and they had a calculated GFR 

(cGFR) ≥ 30ml/min/1.73m2 at the time they began taking the aminoglycoside.  

The GFR was calculated using the abbreviated MDRD formula, which 

includes gender, ethnicity, age, and serum creatinine level.16 

 Nephrotoxicity was defined as a decrease of 20% or more from the 

baseline cGFR following aminoglycoside use. According to this definition, 

patients were divided into two groups: those with nephrotoxicity (AKI) and those 

without nephrotoxicity (non-AKI).  

 The following variables were assessed: gender, age, baseline cGFR and 

nadir cGFR, the presence of previous renal disease (clinical report of renal 

calculi, glomerulonephritis, urinary tract infection, nephrotic syndrome and 

nephritic syndrome), the presence of diabetes mellitus (clinical report), the 

presence of cardiovascular disease (clinical report of hypertension, coronary 

disease, or stroke), the presence of hypovolemia/dehydration (skin and mucosa 

appearance; heart rate > 120 bpm; and at least one of the following: abundant 
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vomiting, diarrhea, gastric tube drainage > 2 L/day, or severe bleeding during 

the 24 hours preceding aminoglycoside use), occurrence of shock (need for 

vasopressors), the occurrence of hypotension (systolic blood pressure < 

80mmHg or a 40% decrease in the customary blood pressure), jaundice 

(jaundice and/or total bilirubin > 2 mg/dl), the simultaneous use of other 

nephrotoxic drugs (NSAIDs, vancomycin, cephalothin, clindamycin, 

amphotericin B, cisplatin, cyclosporine, tacrolimus), the use of iodinated 

contrast, use of furosemide, metabolic acidosis (pH < 7.30 and bicarbonate < 

20 mEq/L), hypokalemia (potassium < 3.0 mEq/l), hepatic failure (based on 

three of six criteria: serum SGOT > 2 times normal, total bilirubin > 2.5mg/dl, 

albumin < 3.0g/dl, increase in serum alkaline phosphatase, prothrombin time > 

15 s, ascites), the duration of aminoglycoside use, and mortality.  

 

Statistical analysis 

Results are reported as a percent (%) or mean ± standard deviation 

(SD). Univariate analysis was performed using a two-tail, non-paired, Student’s 

t-test, Mann-Whitney test, or Fischer test, as appropriate.  

 The variables that were statistically significant, based on univariate 

analysis, or considered clinically important were analyzed by multivariate 

analysis using a logistic regression model. The initial model included the 

following variables (with the reference for each indicated in parentheses): age 

(< 60 years); gender (male); baseline cGFR (≥ 60 ml/min/1.73m2); time of 

aminoglycoside use (< 10 days); type of aminoglycoside used (amikacin); and 

the presence of cardiovascular disease, diabetes, acidosis, hypovolemia, 
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hypotension, jaundice, furosemide use, iodinated contrast use, and use of other 

nephrotoxic drugs (with the reference being the absence of these variables or 

non-use of the drug). Shock was not included because it showed a strong 

correlation with hypotension (0.76).  

 Backward variable selection was used serially to remove non-significant 

factors. The variables that, when excluded, introduced a change in parameter 

estimates greater than 10% were re-introduced to the model to account for 

confounding. The goodness-of-fit of the model was assessed using the Hosmer 

and Lemeshow test. The Wald test was used to assess the significance of 

variables in the model. The level of significancy was established as p < 0.05.  

 The data were analyzed using EPI-Info [version 6.04 (2001); CDC, 

Atlanta, GA, USA] and BMDP [version PC90 (1990 IBM PC/MS-DOS); 

BMDPRL Statistical Software, Los Angeles, CA, USA). 
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Results 

 

 A total of 980 patients using aminoglycoside were identified during the 

time period analyzed. Among them, 402 had all of the clinical information 

necessary for the study, and 360 fulfilled the inclusion criteria. Just over half 

(209, 58%) of these 360 patients developed acute kidney dysfunction after 

starting to use aminoglycosides. The AKI group was older than the non-AKI 

group: 56 ± 18 y vs. 52 ± 19 y (p < 0.003). The frequency of males was similar 

in both the AKI (58.3%) and non-AKI (52.3%) groups.  

 The baseline cGFR was similar in both groups (88.6 ± 42.4 ml/min/1.73 

m2 for AKI vs. 84.0 ± 42.2 ml/min/1.73 m2 for non-AKI). The cGFR nadir, as 

expected, was lower in the AKI group (44.6 ± 26.9 ml/min/1.73 m2 vs. 79.4 ± 

38.7 ml/min/1.73 m2, p < 0.001).  

When the patients were categorized by baseline cGFR, using 60 

ml/min/1.73 m2 as the threshold, it was found that patients with a baseline 

cGFR < 60 ml/min/1.73 m2 received a lower dose of amikacin than patients with 

baseline cGFR ≥ 60ml/min/1.73 m2: 0.78 ± 0.27 mg vs. 0.94 ± 0.24 mg, 

respectively (p = 0.0003). Both groups of GFR received a similar amount of 

gentamicin. Among the patients with a baseline cGFR < 60 ml/min/1.73 m2, 

49.5% developed AKI (50/101 patients), compared to 61% (159/259 patients) 

among the patients with cGFR ≥ 60ml/min/1.73 m2 (p = 0.0438). 

 The AKI group received a lower amount of amikacin (0.86 ± 0.25 g in AKI 

versus 0.95 ± 0.24 g in non-AKI, p = 0.0467), and both groups received similar 

amounts of gentamicin (0.22 ± 0.01 in AKI versus 0.21 ± 0.01 g in non-AKI).  
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 The AKI and non-AKI groups were similar in terms of the number of days 

that they used the aminoglycosides (9.4 ± 4.6 d vs. 9.9 ± 4.5 d), the proportion 

of individuals who used furosemide (40% vs. 30%, p = 0.059), the furosemide 

dosage used (51 ± 20 mg vs. 51 ± 26 mg), and the frequency of acidosis (49% 

vs. 40%) and hypokalemia (22% versus 24%). The proportion of individuals 

using other nephrotoxic drugs (vancomycin, clindamycin, cyclosporine, 

cephalosporin, amphotericin B) was higher in the AKI group (51% vs. 38%, p = 

0.024), as was the proportion using iodinated contrast (18% vs. 8%, p = 0.005). 

The AKI group showed a higher frequency of co-morbidities: diabetes 

(19% vs. 9.3%, p = 0.007), jaundice (19% vs. 9%, p = 0.0036), and liver 

dysfunction (7.6% vs. 2%, p = 0.0175). Although previous cardiovascular 

disease was also more frequent among AKI patients, this result did not reach 

statistical significance (47% vs. 37%, p = 0.067). 

AKI patients had a higher frequency of hypovolemia (44% vs. 27%, p = 

0.001), hypotension (63% vs. 44%, p = 0.003), and shock (56% vs. 31%, p < 

0.001). 

The time of stay at the ICU was similar for both groups (16.1 ± 9.9 d vs. 

15.5 ± 11 d). Mortality rate was significantly higher in the AKI group (44.5% vs. 

29.1%, p = 0.0031). 

 

Logistic regression 

Logistic regression identified a baseline cGFR < 60 ml/min/1.73m2 as an 

independent protective factor against AKI [OR 0.42 (95% CI 0.24 – 0.72, p = 

0.02)]. The independent risk factors for AKI were diabetes [OR 2.13 (95% CI 
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1.01 – 4.49, p = 0.046)], use of iodinated contrast [OR 2.13 (95% CI 1.02 – 

4.43, p = 0.043)], hypotension [OR 1.83 (95% CI 1.14 – 2.94, p = 0.012)], and 

the simultaneous use of other nephrotoxic drugs [OR 1.61 (95% CI 1.00 – 2.59, 

p = 0.048).  
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Discussion 

 

The prevalence of aminoglycoside nephrotoxicity reported by clinical 

studies varies widely depending on the characteristics of the analyzed 

population and the criteria used to diagnose renal injury. Most of the published 

series estimate that it occurs in 10-20% of cases. The reliability of this estimate 

is hindered by the lack of uniform criteria for defining AKI in the various studies. 

Absolute increases (0.5-1.5 mg/dL) or relative increases (25-100 %) in serum 

creatinine have been used for AKI diagnosis.17-21 When an increase in serum 

creatinine of 0.5 mg/dl or more was used as a diagnostic criterion, 29% of ICU 

patients were found to have aminoglycoside-induced nephrotoxicity.15 In the 

present study of critically ill patients, the use of a more sensitive definition of 

renal injury, i.e. a 20% decrease in cGFR, identified a much higher prevalence 

(58%) of aminoglycoside-induced nephrotoxicity. A noteworthy finding is that 

those patients showing nephrotoxicity had a significantly higher mortality when 

compared to patients with stable renal function. Indeed, emerging evidence 

suggests that even minor changes in serum creatinine are associated with 

increased in-patient mortality. 22,23 Information on the influence of 

aminoglycoside nephrotoxicity on patient mortality is scarce. A peak serum 

creatinine > 1.2 mg/dl was associated with higher mortality (based on univariate 

analysis) in febrile neutropenic patients receiving gentamicin.24 When cirrhotic 

septic patients were treated with ceftazidime or with netilmicin plus mezlocillin in 

a prospective, randomized trial, renal failure was present at the time of death in 
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8% of the patients treated with ceftazidime, compared with 56% of the patients 

treated with netilmicin (p < 0.05).25 

In the present study, the majority of risk factors potentially connected to 

aminoglycoside nephrotoxicity were studied in a large cohort of patients, using 

an adequate statistical methodology. Diabetes as a co-morbidity, the presence 

of hypotension, the simultaneous use of iodinated contrast, and the 

simultaneous use of other nephrotoxic drugs emerged as independent risk 

factors for the development of AKI.  On the other hand, a baseline glomerular 

filtration rate < 60 ml/min/1.73 m2 was identified as an independent protection 

factor. 

Data on the influence of diabetes as a risk factor for AKI in patients 

treated with aminoglycoside are contradictory. Diabetic rats were protected 

against renal injury in an experimental model of aminoglycoside nephrotoxicity. 

26,27 This protection was attributed to osmotic diuresis, which decreased tubular 

absorption of aminoglycosides and, consequently, their concentrations in the 

renal cortex.26,27 When the hyperglycemic state was corrected by insulin, the 

animals lost their protection against aminoglycoside-induced nephrotoxicity.28 In 

a clinical study involving 86 elderly patients, diabetes was associated with 

increased aminoglycoside nephrotoxicity. In this study, 9.3% of patients 

receiving aminoglycoside developed nephrotoxicity, and diabetes mellitus was 

identified by logistic regression as a risk factor for aminoglycoside-induced 

kidney injury.14 On the other hand, a study of 249 elderly patients receiving 

amikacin or gentamicin did not find diabetes to be a risk factor for 

nephrotoxicity, based on logistic regression analysis.11 Similarly, stepwise 
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discriminant analysis of 214 patients treated with gentamicin or tobramycin did 

not identify diabetes as a risk factor for aminoglycoside nephrotoxicity.13 In the 

present study, diabetes was clearly identified as a risk factor for 

aminoglycoside-induced nephrotoxicity. 

In contrast to the case of diabetes, hypotension and shock have been 

constantly identified, both experimentally and clinically, as risk factors for 

aminoglycoside-induced AKI.29,10,13 These conditions cause renal hypoperfusion 

and ischemia. Aminoglycosides interfere with synthesis of energy molecules 

increasing the risk of kidney injury during an ischemic episode. Moreover, 

ischemia alters membrane lipids, thus enhancing aminoglycosides 

accumulation in the proximal tubular cells.30,31 In the present study, 

hypovolemia, hypotension, and shock occurred significantly more often in the 

AKI group based on the univariate analysis, but only hypotension was an 

independent factor for nephrotoxicity in the logistic regression analysis.  

Iodinated contrast is widely used, so it is likely to be applied to patients 

receiving aminoglycoside. This combination of treatments is potentially 

synergic, since contrast agents and aminoglycosides together harm renal 

hemodynamics and tubular cell function. In fact, it is recommended that 

aminoglycoside not be used less than 24 hours before iodinated contrast 

administration.32 In one of the few series analyzing contrast as a risk factor for 

aminoglycoside nephrotoxicity, AKI was observed in 15% of the 88 patients 

studied, and univariate analysis did not identify contrast as a risk factor for its 

development.12 On the other hand, the present study of a large cohort found 
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that the use of contrast significantly increased the risk of AKI in patients treated 

with aminoglycosides.  

The simultaneous use of aminoglycosides and other potentially 

nephrotoxic drugs has been shown to increase the risk of aminoglycoside-

induced kidney injury. Indeed, this synergistic action has been demonstrated in 

patients and in animal studies. Clinical studies have implicated several drugs in 

this synergy, such as vancomycin, amphotericin B, clindamycin, piperacillin, 

cephalosporins, foscarnet, allopurinol, NSAIDs, inhibitors of angiotensin-

converting enzyme, cyclosporine, and cisplatin.9,12,33-35 Consistent with these 

results the simultaneous use of aminoglycoside with vancomycin, clindamycin, 

cyclosporine, cephalosporin or amphotericin B significantly increased the risk of 

AKI.  

Chronic kidney disease has been pointed as a risk factor for 

aminoglycoside nephrotoxicity. These patients have a potentially higher risk of 

accidental aminoglycoside over-dosing due to mis-estimation of the necessary 

dose correction. In addition, they have less renal reserve, and their ability to 

recover from renal injury is impaired. Nevertheless, published results are 

conflicting. Paterson found a baseline creatinine clearance of 39.6 mL/min in 

patients developing aminoglycoside-induced nephrotoxicity, compared to 46.7 

mL/min in patients that did not develop kidney dysfunction. However, this 

difference was not statistically significant. In the same paper, a logistic 

regression model identified elevated baseline serum creatinine as a risk for 

aminoglycoside nephrotoxicity.12 Another study examined the case records of 

1,154 patients for whom pre- and post-treatment serum creatinine values were 
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available from phase II and phase III studies with amikacin. The prevalence of 

nephrotoxicity (change in serum creatinine) was 8.7%, and one of the factors 

related to nephrotoxicity was elevated initial serum creatinine.35 In an analysis 

of 1,489 patients treated with aminoglycoside, baseline renal dysfunction was 

identified as a risk factor for nephrotoxicity in the univariate analysis, but this 

was not confirmed in the multiple logistic regression.33 Two different studies 

assessing aminoglycoside nephrotoxicity in 96 and 249 patients, respectively, 

did not recognize initial serum creatinine or decreased GFR as risk factors for 

kidney injury in the logistic regression analysis.11-36 Finally, higher initial 

creatinine clearance was associated with an increased risk of nephrotoxicity. 

Moore et al. reviewed 214 case reports of two randomized clinical trials 

involving gentamicin or tobramycin. Patients who developed kidney failure were 

found to have higher initial creatinine clearance (70 ± 5 vs. 58 ± 3 

ml/min/1.73m2, p = 0.04), which was confirmed as a risk factor by stepwise 

discriminant analysis. 10,13 This last report is consistent with the results of the 

present study. Although the cGFR mean was similar for both groups, a baseline 

GFR < 60 ml/min/m 2 conferred significant protection against aminoglycoside 

nephrotoxicity. It is possible that a moderate decrease in the glomerular filtration 

rate, associated with an adequate antibiotic dose correction, allowed a lower 

load of aminoglycoside to reach the tubular lumina, thus decreasing tubular 

reabsorption and cortical accumulation of the antibiotic. One way to reconcile 

these contradictory results is to conclude that in previous studies reporting 

increased risk of aminoglycoside nephrotoxicity in patients with CKD, the 

patients suffered more severe baseline renal injury, as reflected in lower 
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baseline GFRs, and this made the kidneys more vulnerable to subsequent 

insults. It is also reasonable to assume that a decrease in baseline GFR may 

urge the ICU team to prescribe a lower dose of aminoglycoside; this would 

protect the tubule cells against a high luminal concentration of antibiotic. In fact, 

when we analyzed the amikacin dose in terms of baseline cGFR, we found that 

patients with a baseline cGFR < 60 ml/min/1.73 m2 received a lower dose of 

antibiotic as compared with patients with a baseline cGFR ≥ 60 ml/min/1.73 m2. 

 In conclusion, aminoglycoside-induced nephrotoxicity occurred frequently 

and was associated with high mortality in the ICU patients in this study. A 

baseline GFR < 60 ml/min/1.73 m 2 was an independent protective factor 

against aminoglycoside-induced nephrotoxicity, while diabetes, hypotension, 

use of iodinated contrast, and use of other nephrotoxic drugs were independent 

risks factor for the development of nephrotoxicity. 
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3. CONCLUSÕES 

 

A prevalência de nefrotoxicidade por aminoglicosídeos foi elevada, de 

58%. 

A presença de nefrotoxicidade associou-se a significante piora da 

mortalidade destes doentes.  

A presença de diabetes, hipotensão, o uso simultâneo de contraste e de 

outras drogas nefrotóxicas foram identificados como fatores de risco 

independentes para desenvolver nefrotoxicidade. A presença de filtração 

glomerular basal menor que 60ml/min/1,73m2 foi identificada como fator 

protetor independente contra o desenvolvimento de nefrotoxicidade. 
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Anexo 1. Comprovante de submissão do artigo à Revista JAC. 

 

 

 


