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        Case
      

      Ms. J is a 33-year-old woman with type 1 diabetes mellitus who weighs 65 kg. She presents with an infected ulcer on her right foot. She is febrile, has obvious lymphangitic spread to her knee, palpable groin nodes and an elevated leukocyte count with a neutrophilic shift. Her complications of diabetes include proliferative retinopathy, peripheral neuropathy and nephropathy. The patient's serum creatinine before this recent illness was 150 μmol/L. You have chosen to prescribe a fluoroquinolone and metronidazole intravenously. Are antibiotic dose adjustments required for this patient? How would you rapidly calculate creatinine clearance?

      The number of people with end-stage renal disease (ESRD) in Canada is increasing. In 1999, 142 individuals per million population were receiving renal replacement therapy, which is an increase from 83 per million population in 1990.1 The leading cause of ESRD is diabetes (30%) followed by renal vascular disease, including hypertension (20%). Over the past decade, the number of older Canadians (aged ≥ 65 years) with ESRD has more than doubled.1 Unfortunately, the number of people who have some degree of renal insufficiency, but have yet to need renal replacement therapy, is not fully known. Those groups at risk for developing renal impairment include individuals with diabetes, elderly people, those with hypertension, certain ethnic groups (i.e., Aboriginal people) and individuals with atherosclerotic disease elsewhere, autoimmune and genetic diseases, or a family history of renal disease. The third National Health and Nutrition Examination Survey (NHANES III) estimated that 14.7 million people in the United States had renal insufficiency.2 Based on these data, one could estimate that there are about 1.5 million Canadians with renal insufficiency.

      On average, patients with renal insufficiency are taking at least 7 different medications to manage not only their underlying disease (such as diabetes) but also the symptoms related to their renal impairment (i.e., problems with mineral metabolism, anemia).3,4 The frequency of adverse drug reactions increases with the number of medications used, the degree of renal dysfunction, the age of the patient and the number of comorbid conditions.5,6 As the kidney is a major organ of drug elimination, some knowledge of basic pharmacologic principles and a systematic approach to patients with renal insufficiency are necessary to ensure safe and effective patient care.

    

      Diagnosis of renal insufficiency

      All patients who are at risk for renal insufficiency should have their renal function assessed as part of their periodic health examination. At the very least, serum creatinine should be tested, recognizing that measuring serum creatinine alone will fail to diagnose abnormal function in 35% of people aged 40–49 years and 92% of people more than 70 years old.7 A more accurate reflection of renal function is creatinine clearance. Guidelines for the investigation of newly diagnosed renal insufficiency exist elsewhere.8 For patients with established renal insufficiency, a thorough history-taking, physical examination and certain basic laboratory tests are essential to identify individuals who may require adjustments to their medication.

      The patient's history should include a record of current medications, including over-the-counter drugs, recreational drugs, alcohol use, and drug sensitivities or allergies, and comorbid conditions such as diabetes, liver disease or congestive heart failure. The physical examination should include measurement of height, weight and extracellular volume status (blood pressure and heart rate with orthostatic changes, jugular venous pulse, edema, ascites, lung crackles) and a search for signs of chronic liver disease.

      The history and physical examination will frequently point to factors that can affect drug pharmacokinetics, including alterations in drug absorption and bioavailability, distribution, metabolism and excretion (Table 1).9,10,11,12
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            Table 1. 

          



      Determination of a patient's 24-hour creatinine clearance by urine collection, or by estimation using the Cockcroft–Gault formula (Table 2),13 will confirm the degree of suspected renal insufficiency and frequently assist with safer drug prescribing.
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      Management

      Once a physician has identified a patient with renal insufficiency and has recognized which of a drug's pharmacokinetic factors may be affected, a stepwise approach is important when prescribing drug therapy. This will help ensure the effectiveness of medication, avoid or minimize further kidney damage, and prevent drug nephrotoxicity (Table 3).14 It is important to note that these steps provide a framework for dosage adjustments and must be modified on an individual basis.
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      The number of adverse drug reactions experienced by patients with renal insufficiency can be decreased if drugs are used for specific indications, potentially nephrotoxic drugs are avoided, medication lists are continuously updated and there is an awareness of potential drug interactions. Response to drug therapy may be variable, and adverse drug reactions may occur quickly. Some of the more common drugs that require or do not require dose modification in patients with renal insufficiency are listed in Table 4.15,16 Information about commonly used drugs that require special consideration in this group of patients is provided in Table 5.3,6,15,16
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      Complementary products, which are variably called herbal medicines, naturopathic remedies and phytomedicines, are becoming very popular. The practitioner should have some basic knowledge of the potential interactions with prescribed medications or simple adverse consequences in the patient with renal insufficiency. Some examples of herbal products that should be avoided by patients with renal insufficiency are listed in Table 6. Comprehensive accounts of herbal medicines may be found elsewhere.17,18,19,20,21
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      Case revisited

      Using the Cockcroft–Gault formula for creatinine clearance, you calculate Ms. J's creatinine clearance to be 48 mL/minute (0.8 mL/second), which is reduced. You decide that the dose of metronidazole does not require any alteration, because it is hepatically metabolized. The recommended dose is 500 mg orally or intravenously every 8 hours. However, the dose of the fluoroquinolone taken intravenously needs to be reduced and after consulting the Compendium of Pharmaceuticals and Specialties14 product monograph, you give ciprofloxacin 400 mg intravenously every 24 hours. An order is written for a repeat test of Ms. J's serum creatinine in 48 hours. Her medication list is reviewed, and no drug interactions are identified.

    

      Comment

      Safe drug prescribing for patients with renal insufficiency can be complex, but with the application of a stepwise approach the difficulties can be minimized. When in doubt, appropriate information for dosing guidelines should be sought in recently published monographs or texts.

      
        
Additional resources	
            National Kidney Foundation Web site. Available: www.kidney.org (accessed 2002 Jan 16).

          


      

      
        
Articles to date in this series	
            Morton AR, Iliescu EA, Wilson JWL. Nephrology: 1. Investigation and treatment of recurrent kidney stones. CMAJ 2002;166(2):213-8.

          
	
            House AA, Cattran DC. Nephrology: 2. Evaluation of asymptomatic hematuria and proteinuria in adult primary care. CMAJ 2002;166(3):348-53.

          


      

      
        
Key points	
            Identify those patients at risk for renal insufficiency

          
	
            Measure serum creatinine and either calculate or measure creatinine clearance

          
	
            Consider whether the patient's medications should be altered because of the patient's renal insufficiency

          
	
            Adjust drug doses if required

          
	
            Use the least nephrotoxic drug possible

          
	
            Monitor drug levels and renal function

          
	
            Keep up-to-date medication lists and be aware of complementary medicines
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