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	MODULE R - KIDNEY FUNCTION

SUMMARY OF RECOMMENDATIONS 

Screening

1. Patients with type 1 diabetes mellitus (DM) should be screened for kidney disease after puberty and at a minimum of every five years. Patients with type 2 DM should be screened for kidney disease at the time of DM diagnosis, since the onset of type 2 DM occurs on average 10 years before a clinical diagnosis is made. 

2. Patients with diabetes who have a probable life expectancy of > 5 years should be screened for elevated urinary albumin or protein excretion using the cut-points adopted [Table R-1] from the American Diabetes Association. 

3. Patients with diabetes should be monitored annually for kidney function (estimated glomerular filtration rate [GFR]), and protein-to-creatinine ratio. 

4. The preferred method for nephropathy screening is a random spot urine sample to measure the albumin-to-creatinine ratio. A 24-hour urine collection for protein and creatinine may also be used, but is more cumbersome for patients and prone to collection errors. 

· The use of urine “strips” are not the recommended screening method, because they do not take into account possible errors resulting from alterations in urine concentration. 

· Because of variability in urinary albumin excretion, two of three specimens collected within a 3 - to 6 - months period should be abnormal before diagnosing microalbuminuria. 

· Results of urine albumin/creatinine test of [image: image2.png]


30 mg/mg in a random specimen should be repeated to ensure that the level was not transiently elevated (by heavy exercise, urinary tract infection, acute febrile illness, or heart failure). 

Assessment and Diagnosis

1. Serum creatinine level should be used to estimate the GFR to identify patients at risk and develop appropriate management plans. 

2. Persons with diabetes and macroalbuminuria (i.e., urine Alb/creatinine ratio [image: image3.png]


300 µg/mg or 24-hour urine protein [image: image4.png]


300 mg/dL) should be assessed for level of kidney function as these levels of albuminuria indicate established to advanced diabetic renal disease. 

· Document the course of the albuminuria. It would be unusual to go from having normal urine to macroalbuminuria in less than one year in diabetic kidney disease. 

· Document that blood pressure has been rising. As diabetic kidney disease progresses from micro- to macroalbuminuria, the blood pressure usually rises. 

· Document the presence of other diabetic complications, such as retinopathy. All patients with diabetes with macroalbuminuria should undergo an eye exam to confirm the diagnosis of retinopathy (findings include microaneurysm, flame hemorrhage, and soft/hard exudates) (see Module E, Eye Care) because >90 percent of patients with macroalbuminuria from diabetes will also have at least mild retinopathy. 

· If the course has been atypical (i.e., rapidly progressive or no evidence of retinopathy), refer or consult with nephrology for further work-up. 

· Consider alternative explanations for reduced kidney function including pre-renal, renal, and post-renal causes. 

· Obtain renal ultrasound in all patients with reduced kidney function except those whose reduced kidney function is easily resolved. 

· Consider obtaining other tests and referral to specialists in nephrology or urology as indicated. 

Treatment

1. Primary care providers should consult with or refer to a nephrologist when a patient has macroalbuminuria with normal creatinine but other features inconsistent with the sole diagnosis of diabetic nephropathy. These atypical features include absence of diabetic retinopathy on dilated eye exam, rapidly progressive course, short duration of diabetes, small kidneys on ultrasound, red blood cell casts in the urine, and/or lack of increase in blood pressure concurrent with increasing albuminuria. 

2. Patients with diabetes with reduced kidney function may have electrolyte disturbances, anemia, or bone disease. Also, these patients’ kidney failure may progress and they may need dialysis or evaluation for renal transplantation. For these reasons, an initial evaluation by nephrology for confirmation of diagnosis, optimal management of kidney disease, and appropriate timing of dialysis access is recommended for patients with chronic kidney disease or for acute kidney disease that does not rapidly resolve (see the VA/DoD Clinical Practice Guideline on Pre-ESRD). 

3. Persons with diabetes should be assessed for contraindications to angiotensin converting enzyme inhibitor (ACEI) use. 

4. Start/adjust treatment with ACEIs. 

5. Change ACEI to angiotensin receptor blocker (ARB) if patient has an ACEI-induced cough. Angioedema risk may be lower with ARB vs. ACEI, but providers should use great caution if ARB is prescribed to a patient with a history of angioedema associated with ACEI use. 

6. ACEI and ARB may cause similar rates of hyperkalemia and abrupt reduction of kidney function. 

7. If the patient’s macroalbuminuria is not improving, or diabetes and/or blood pressure is not controlled, consider a change in treatment. 

8. Reevaluate the current treatment regimen (i.e., ACEIs, blood pressure control, and glycemic control) for patients with diabetes with progressing kidney disease. 

9. Consider counseling patients with diabetes with macroalbuminuria (diabetic nephropathy) to reduce daily dietary protein allowance to 0.8 g-1?kg body wt-1?day-1 (~10 percent of calories). 

10. If albuminuria is progressing or the estimated GFR is continuing to decline, consider increasing the ACEI to the maximum recommended dose, while reinforcing glycemic control and a low-protein diet. 

11. Patients with diabetes on ACEIs should have a spot urine for Alb/Cr ratio at 6 months from initiation of ACEI. 

 


ANNOTATIONS
A. Patient With Diabetes Mellitus And No Kidney Evaluation In Past 12 Months

Patients with type 1 diabetes mellitus (DM) should be screened for kidney disease after puberty and at a minimum of every five years. Patients with type 2 DM should be screened for kidney disease at the time of DM diagnosis, since the onset of type 2 DM occurs on average 10 years before a clinical diagnosis is made (Harris, 1995a).

Patients being treated with an angiotensin converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB), because of either a prior diagnosis of microalbuminuria (or other medical problems such as CHF or hypertension), may still require an annual assessment of their kidney function to monitor onset or progression of their nephropathy and adjust treatment accordingly. For example, the new onset of nephropathy in a patient with diabetes and hypertension on ACEI might prompt a lower blood pressure control goal for that individual patient.

DISCUSSION

Twenty-five to 45 percent of patients with type 1 and type 2 DM will develop diabetic nephropathy. Clinical evidence for nephropathy, manifested by microalbuminuria, proteinuria, and reduced kidney function, can be seen 5 to 20 years after the development of DM. Generally, nephropathy steadily progresses until the patient requires dialysis, a kidney transplant, or dies of uremia. However, progressive kidney failure can be prevented or delayed through early intervention and appropriate management. Even when end stage renal disease (ESRD) is inevitable, appropriate steps should be taken to prepare for ESRD (see the VA/DoD Clinical Practice Guideline on Pre-ESRD). Finally, patients with nephropathy have a very high cardiovascular risk and should undergo appropriate screening and prevention if life expectancy is not already limited by co-morbid conditions (e.g., metastatic cancer and severe Chronic Obstructive Pulmonary Disease).


The National Kidney Foundation has developed guidelines that include useful information including epidemiology of kidney disease, definition of kidney disease stages, evaluation, and management http://www.kidney.org/professionals/doqi/kdoqi/toc.htm.

EVIDENCE 
 
Recommendation
Sources
QE
Overall Quality
R
1
Annual reevaluations of life expectancy.
Working Group Consensus
III
Poor
I
2
If probable life expectancy has increased significantly from the previous year (due to improvements in comorbidities), consider the appropriateness of screening for nephropathy.
Bennet et al., 1995
Gall et al., 1991
Mogensen, 1987
Ordonez & Hiatt, 1989
II-1
Poor
C
QE = Quality of Evidence; R = Recommendation (see Appendix A) 


B. Screen For Microalbuminuria: Measure Albumin-To-Creatinine Ratio In A Random Spot Urine OR 24-Hour Urine Collection For Protein And Creatinine

OBJECTIVE
Quantify the amount of proteinuria.

RECOMMENDATIONS

1. Patients with diabetes who have a probable life expectancy of >5 years should be screened for elevated urinary albumin or protein excretion using the cut-points adopted [Table R-1] from the American Diabetes Association. 

2. The use of urine “strips” are not the recommended screening method, because they do not take into account possible errors resulting from alterations in urine concentration. 

3. The preferred method for nephropathy screening is a random spot urine sample to measure the albumin-to-creatinine ratio. A 24-hour urine collection for protein and creatinine may also be used, but is more cumbersome for patients and prone to collection errors. 

4. Because of variability in urinary albumin excretion, two of three specimens collected within a 3- to 6-months period should be abnormal before diagnosing microalbuminuria. 

5. Heavy exercise (within 24 hours of urine collection), urinary tract infection, acute febrile illnesses, and heart failure may transiently increase urinary albumin excretion and thus, screening should be postponed in these situations to avoid false positive determination. Patients should be instructed not to exercise the day before providing a urine specimen, 

6. The Working Group does not recommend stopping an ACEI or ARB prior to screening, even though these drugs may decrease urinary albumin excretion. 

Table R-1. Definitions of abnormalities in albumin excretion. 
Condition
24-Hour Urine 
Collection
(mg/24h)
Random Urine for
Alb/Cr Ratio
(µg/mg creatinine)
Timed Urine
Collection
(µg/min)
Normal
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30
<30
[image: image6.png]


20
Microalbuminuria
30 - 300
30 - 300
20 - 200
Macroalbuminuria
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300
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300
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200
Ref: ADA, Diabetes Care 2002;25:222-224. 

DISCUSSION

A complete 24-hour urine collection can be difficult for patients to complete. Several studies have demonstrated close correlation between the ratio of urine albumin to creatinine (urine albumin/creatinine) calculated from random urine collections.

This correlation is near unity with a relatively narrow standard deviation until daily albumin excretion exceeds 3.5 g/dL in patients with diabetes, and even then it distinguishes between patients with and without nephrotic syndrome (Rodby et al., 1995). A urine albumin/creatinine ratio of 1000 mg/mg creatinine is equivalent to a 24-hour urine albumin excretion rate of 1.0 g/24 hours; a ratio of 300 mg/mg creatinine would be the equivalent of 300 mg/24hours).

Exhibit R1. Protein-Creatinine Ratio to Estimated Protein (Albumin) Excretion
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Close relation between total daily protein excretion and the total protein-to-creatinine ratio (mg/mg) determined on a random urine specimen (Data from Ginsberg et al., 1983; Exhibit R1 reproduced from Up To Date in Medicine: Rose, 1999).

Table R-2. Factors that Transiently Interfere with Urinary Screening for Albuminuria 
Increases in Albuminuria
Decreases in Albuminuria
Blood in urine
CHF
Exercise
Excessive protein intake
Fever
Uncontrolled diabetes
Uncontrolled hypertension
Urinary tract infection
Vaginal fluid contamination of specimen
Nonsteroidal anti-inflammatory drugs (NSAID)
ACEI/ARB
Malnutrition
NSAID
 

EVIDENCE 
 
Recommendation
Sources
QE
Overall Quality
R
1
Strip testing (not recommended).
Kouri et al., 1991
II
Fair
B
2
A random urine for protein/Cr ratio or Alb/Cr ratio. 
Ginsberg et al., 1983
Rodby et al., 1995
Toto et al., 1997
II
Fair
B
3
Postponement of urinary screening for albuminuria if patient has done heavy exercise or has a UTI, acute febrile illness, or heart failure.
ADA, 1997
Bennett et al., 1995
III
Poor
I
4
Stopping an ACE inhibitor prior to urinary screening (not recommended).
Working Group Consensus
III
Poor
I
QE = Quality of Evidence; R = Recommendation. See Appendix A. 
 

C. Obtain Serum Creatinine And Estimate Glomerular Filtration Rate (eGFR)

OBJECTIVE
Detect presence of reduced kidney function, and identify patients at risk for progressive kidney failure, uremic complications, and high risk for cardiovascular disease.

RECOMMENDATIONS

1. Serum creatinine level should be used to estimate the GFR to identify patients at risk and develop appropriate management plans. 

DISCUSSION
Abnormalities of urinalysis or reduced renal function identify patients with kidney disease (see Table R-2). Patients with chronic kidney disease are at risk for progressive loss of kidney function. Most clinicians first identify patients with abnormal kidney function when serum creatinine (Scr) is elevated on routine laboratory testing. However, as Exhibit R2 demonstrates, significant reduction in kidney function is required before the Scr rises significantly. Also, patients with baseline Scr in the lower range of normal may lose significant amounts of kidney function before the Scr increases above the normal range (typically >1.2 mg/dL in females and > 1.5 mg/dL in males). Therefore, Scr alone is not a good test.

Table R-3. Definition of Chronic Kidney Disease Criteria 
Chronic Kidney Disease Criteria
1. Kidney damage for [image: image11.png]


3 months, as defined by structural or functional abnormalities of the kidney, with or without decreased GFR, manifest by either: 

· Pathological abnormalities; OR 

· Markers of kidney damage, including abnormalities in the composition of the blood or urine, or abnormalities in imaging tests 

2. GFR < 60mL/min1.73m2 for [image: image12.png]


3 months, with or without kidney damage
 

Exhibit R2. Creatinine Clearance Plotted Against Serum Creatinine Concentration Graph (Schrier, 1976) 
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Exhibit R2 plots the creatinine clearance against serum creatinine concentration. It illustrates the lack of sensitivity of the serum creatinine level as a test for loss of renal function. For every 50 percent reduction in GFR (approximated by the creatinine clearance rate), the serum creatinine concentration approximately doubles. Waiting to aggressively treat the condition until the serum creatinine level rises is not likely to prevent end-stage renal disease, but rather just delay the need for dialysis a few more months (Bennett et al., 1995).

Measuring creatinine clearance (Clcr) or estimating Clcr or GFR by calculation formulas can be used to monitor abnormal kidney function. Measuring Clcr by 24-hour urine collection has been the traditional method for estimating GFR. However, collection inaccuracies and patient difficulties make this test unsatisfactory. Estimation of Clcr or GFR using routine clinical information is now recommended for estimating and monitoring kidney function. Cockroft-Gault (CG) and Modification of Diet in Renal Disease (MDRD) formulas are acceptable tools for estimating Clcr and GFR, respectively. CG is a simple formula that has been in use for over 2 decades. The MDRD formula is more precise, and online calculators are available.

Kidney Function Estimation Formulas:

· CG formula (estimated Clcr in cc/min): 
[(140 - age)/Scr (mg/dL)] x [wt (kg) /72] x 0.85 (if female) 

· MDRD formula (estimated GFR in cc/min per 1.73 m2): http://www.hdcn.com/calcf/gfr.htm 

Estimated GFR (ml/min/1.73m2): = 186 x (Scr) -1.154 x (Age)-0.203 x (0.742 if female) x (1.210 if African - American)
(“four-variable” (abbreviated) equation in Levey et al. Modification of Diet in Renal Disease Study Group. Ann Intern Med 1999; 130(6):461-70.
The National Kidney Foundation’s Kidney Disease Outcome Quality Initiative (K/DOQI Clinical Practice Guidelines for Kidney Diseases) has developed a staging system for grading kidney disease (see table below). These stages can be used to monitor and educate patients, assess impact of management, and assist the primary provider in coordinating care with specialists and making plans for ESRD care.

Table R-4. Chronic Kidney Disease (CKD): A Clinical Action Plan 
Stage
Description 
GFR
(mL/min/1.73m2)
Action*
 
At increased risk 
[image: image14.png]


90
(with CKD risk factors)
Screening,
CKD risk reduction
1
Kidney damage with
Normal or [image: image15.png]


GFR
[image: image16.png]


90
Diagnosis and treatment,
Treatment of comorbid conditions,
Slowing progression,
Cardiovascular disease risk reduction
2
Kidney damage
with Mild [image: image17.png]


GFR
60 – 89
Estimating progression
3
Moderate
30 – 59
Evaluating and treating complications
4
Severe [image: image18.png]


GFR
15 - 29
Preparation for kidney replacement therapy
5
Kidney failure
<15
(or dialysis)
Replacement (if uremia present)
Shaded area identifies patients who have chronic kidney disease; unshaded area designates individuals who are at increased risk for developing chronic kidney disease. Chronic kidney disease is defined as either kidney damage or GFR, <60 mL/min/1.73 m2 for [image: image19.png]


3 months. Kidney damage is defined as pathologic abnormalities or markers of damage, including abnormalities in blood or urine tests or imaging studies.
*Includes actions from preceding stages.
D. Is Urine Alb/Cr [image: image20.png]


30 mg/mg Confirmed?

OBJECTIVE
Establish a diagnosis of early diabetic nephropathy and ensure that albuminuria is persistent, not transient, before committing the patient to treatment.

RECOMMENDATIONS

1. Patients with diabetes with urine albumin/creatinine levels of [image: image21.png]


30 mg/mg in the random specimen should repeat the test to ensure that the level was not transiently elevated (by heavy exercise, urinary tract infection, acute febrile illness, or heart failure). 

2. If a second test is [image: image22.png]


30 mg/mg, the patient has persistent microalbuminuria; if the second test is <30mg/mg, repeat the test a third time. 

DISCUSSION
Urine albumin/creatinine ratios of [image: image23.png]


30 mg/mg represent microalbuminuria. If the first specimen is [image: image24.png]


30mg/mg, repeat the test and be sure to have addressed the factors that may have transiently elevated the urine's albumin (see Annotation B). If the second specimen is also [image: image25.png]


30 mg/mg, the patient has persistent microalbuminuria. If the second test is <30 mg/mg, repeat the test a third time. Multiple urinary measurements are necessary because as much as 30 to 50 percent variability in day-to-day urine microalbumin measurements may occur (Murray, 1996).

EVIDENCE 
 
Recommendation
Sources
QE
Overall Quality
R
1
Multiple urinary measurements.
Murray, 1996
I
Fair
B
2
Urine Alb/Cr ratio [image: image26.png]


30mg/mg– screening criteria for microalbuminuria.
ADA, 2002
Bennett et al., 1995
II
Fair
B
QE = Quality of Evidence; R = Recommendation (see Appendix A)
Evidence for the cutpoints come from epidemiological and laboratory diagnostic studies. Ninety-five percent of individuals with no diagnosis of diabetes, hypertension, or intrinsic renal disease (i.e., normal adult population) have urinary albumin to creatinine ratios of < 30 mg/mg. Epidemiologic studies document that patients with diabetes with albumin excretion in the upper normal range (10 to 20 mg/min; 15 to 30 mg/24 h) have a higher risk for the subsequent development of diabetic microalbuminuria. This suggests that albumin excretion in type 1 DM may increase in a continuous manner in patients at risk for nephropathy, rather than an abrupt transition to this marker for nephropathy. Microalbuminuria is a harbinger of renal failure and cardiovascular complications in type 1 and 2 DM. Persistent albuminuria (>200mg/min >300 mg/d) is often accompanied by a gradual decline in the GFR. If left untreated, kidney disease eventually leads to uremia and death after approximately 7 to 10 years (Bennett et al., 1995).

 

E. Is Urine Alb/Cr Ratio [image: image27.png]


300 mg/mg, Or 24-Hour Urine Protein [image: image28.png]


300 mg/24h?

OBJECTIVE

Help distinguish established from incipient nephropathy.

RECOMMENDATIONS

1. Persons with diabetes and macroalbuminuria (i.e., urine Alb/creatinine ratio [image: image29.png]


300 mg/mg or 24-hour urine protein [image: image30.png]


300 mg/d) should be assessed for level of kidney function as these levels of albuminuria indicate established to advanced diabetic renal disease. 

DISCUSSION

Macroalbuminuria is the stage prior to progressive loss of kidney function in diabetic nephropathy (Nelson et al., 1995).

 

F. Is Diabetic Nephropathy Suspected? (Can Non-Diabetic Kidney Disease Be Excluded?)

OBJECTIVE

Collect additional evidence confirming the diagnosis of diabetic nephropathy. Clinicians should assess whether the patient has had the typical course and features of diabetic kidney disease.

RECOMMENDATIONS

1. Document the course of the albuminuria. It would be unusual to go from having normal urine to macroalbuminuria in less than one year in diabetic kidney disease. 

2. Document that blood pressure has been rising. As diabetic kidney disease progresses from micro- to macroalbuminuria, the blood pressure usually rises. 

3. Document the presence of other diabetic complications such as retinopathy. All patients with diabetes with macroalbuminuria should undergo an eye exam to confirm the diagnosis of retinopathy (findings include microaneurysm, flame hemorrhage, and soft/hard exudates) (see Module E, Eye Care) because >90 percent of patients with macroalbuminuria from diabetes will also have at least mild retinopathy. 

4. If the course has been atypical (i.e., rapidly progressive or no evidence of retinopathy), refer or consult with nephrology for further work-up. 

DISCUSSION

If the primary care provider finds retinopathy on an undilated eye exam, then it is likely that the patient has diabetic nephropathy. Findings such as microaneurysm, flame hemorrhage, soft or hard exudates, all indicate the presence of retinopathy and the patient should be referred to ophthalmology. However, if no retinopathy is seen on undilated exam, a dilated exam by an optometrist or opthamologists is necessary to confirm the presence of retinopathy. Because 90 percent of patients affected by significant diabetic nephropathy have background or proliferative diabetic retinopathy, the diagnosis of diabetic nephropathy is generally presumed if a patient with heavy proteinuria is found to have diabetic retinopathy.

 

G. Is Serum Creatinine >1.4 mg/dL Or eGFR <60 ml/min (Kidney Function Abnormal)?

OBJECTIVE
Evaluate individuals with reduced kidney function to identify potential etiologies for kidney disease other than diabetes.

RECOMMENDATIONS

1. Consider alternative explanations for reduced kidney function including pre-renal, renal, and post-renal causes. 

2. Obtain renal ultrasound in all patients with reduced kidney function except those whose reduced kidney function is easily resolved. 

3. Consider obtaining other tests and referral to specialists in nephrology or urology as indicated. 

DISCUSSION
All patients with reduced kidney function identified by formula or elevated Scr should have a basic evaluation to identify potential causes other than diabetes (see kidney disease stages and estimation formula in Annotation C). Potential etiologies can be classified into pre-renal (e.g., dehydration and CHF), renal (e.g., glomerulonephritis, diabetes, hypertension, polycystic kidney disease, tubular necrosis, and interstitial nephritis), or post-renal (e.g., obstruction from any cause). A baseline renal ultrasound (to assess for renal size, echogenicity, and hydronephrosis) should be done for all patients whose reduced kidney function is not quickly resolved. In addition to obstruction, the renal ultrasound can indicate the presence of other causes of kidney disease such as polycystic kidney disease, ischemic renal disease, cysts, and renal cancer. Measuring post-void residual by direct catheterization or bladder ultrasound may also be helpful for detecting obstruction. Referral to a specialist may aid in further differentiating the potential cause of kidney disease. Refer patients with obstruction, hematuria without medical cause, and kidney mass to a urologist. Most other patients should be referred to a nephrologist. Suspected renovascular disease can be referred to vascular surgery, cardiology, nephrology, or interventional radiology for further diagnosis and treatment.

 

H. Refer To Nephrology

OBJECTIVE
Obtain consultation from a nephrologist regarding the need for further work-up for non-diabetic causes of kidney disease, potentially including renal biopsy.

RECOMMENDATIONS

1. Primary care providers should consult with or refer to a nephrologist when a patient has macroalbuminuria with normal creatinine but other features inconsistent with the sole diagnosis of diabetic nephropathy. These atypical features include absence of diabetic retinopathy on dilated eye exam, rapidly progressive course, short duration of diabetes, small kidneys on ultrasound, red blood cell casts in the urine, and/or lack of increase in blood pressure concurrent with increasing albuminuria. 

2. Patients with diabetes with reduced kidney function may have electrolyte disturbances, anemia, or bone disease. Also, these patients’ kidney failure may progress and they may need dialysis or evaluation for renal transplantation. For these reasons, an initial evaluation by nephrology for confirmation of diagnosis, optimal management of kidney disease, and appropriate timing of dialysis access is recommended for patients with chronic kidney disease or for acute kidney disease that does not rapidly resolve (see the VA/DoD Clinical Practice Guideline on Pre-ESRD). 

DISCUSSION
Patients with stage 3-5 kidney disease have substantial loss of kidney function and are at risk for further progression of kidney failure. These patients may already be developing secondary complications and need a nephrology assessment or co-management. Early intervention may prevent or delay ESRD. A kidney disease specialist may help the primary care physician jointly manage the patient with:

· Complex or difficult hypertension 

· Electrolyte disorders (e.g., hyperkalemia and acidosis) 

· Secondary hyperparathyroidism 

· Anemia secondary to erythropoietin deficiency 

· Fluid overload 

· Preparation for dialysis access, including development of forearm muscle mass and preservation of vascular access site (no needle sticks) 

· Immunizations, including Heptovax 

Aggressive treatment of high blood pressure and lower dietary potassium and protein intake may delay the need for dialysis. 
EVIDENCE 
 
Recommendation
Sources
QE
Overall Quality
R
1
Referral to or consultation with a nephrologist for stage 3-5 kidney disease.
Working Group Co



