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Preventing kidney failure:
Primary care physicians must

intervene earlier

m ABSTRACT

Mild chronic kidney disease often goes unnoticed until a
substantial loss of renal function has occurred. Given the
increasing incidence of chronic kidney disease, primary care
physicians play a critical role in the early evaluation and
intervention of patients at risk. This article discusses the key
steps, with emphasis on patients with mild disease due to
diabetes or hypertension.

m KEY POINTS

The serum creatinine concentration is an insensitive test for
mild chronic kidney disease; one should calculate the
glomerular filtration rate in patients at risk.

Proteinuria is both a strong predictor of outcomes and a
modifiable risk factor for chronic kidney disease.

The highest priority in managing mild chronic kidney
disease is to control the blood pressure optimally. The
standard goal is less than 130/80 mm Hg, but 125/75 is
suggested for patients with heavy proteinuria.

Angiotensin-converting enzyme inhibitors are
renoprotective in diabetic and nondiabetic kidney diseases;
angiotensin-receptor blockers are renoprotective in type 2
diabetes.

Tight glycemic control for diabetic patients and avoidance
of cigarette smoking are of critical importance in chronic
kidney disease.

n F WE HOPE to make a dent in the rising
epidemic of kidney failure, primary care
physicians need to get more involved in
detecting and managing chronic kidney dis-
ease in its early stages. So many people are at
risk that nephrologists cannot do the job
alone.

The task need not be daunting. Five sim-
ple questions can help one to intervene early
and effectively, using just a few minutes of an
office visit:

e [s the patient at risk of developing chron-
ic kidney disease?

e [f the patient is at risk, does his or her kid-
ney show signs of damage, as measured by
the glomerular filtration rate (GFR)?

e [s proteinuria present, and if so, how can it
be minimized?

e [f chronic kidney disease is present, has
the target blood pressure of less than
130/80 mm Hg been attained?

e [s an angiotensin-converting enzyme
(ACE) inhibitor or angiotensin-receptor
blocker (ARB) indicated?

To improve the care of patients in the
early stages of kidney disease, the National
Kidney Foundation has issued clinical practice
guidelines.] My review draws heavily but not
exclusively from their report.

m CHRONIC KIDNEY DISEASE 1S EPIDEMIC

In the United States:

®  More than 372,000 patients required renal
replacement therapy (chronic dialysis or trans-
plantation) in 2000, and the number is rising.2
® An estimated 10.9 million patients have
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Stages of chronic kidney disease

STAGE DESCRIPTION GFR (ML/MINUTE)

1 Kidney damage with normal GFR =90

2 Mild kidney disease 60-89

3 Moderate kidney disease 30-59

4 Severe kidney disease 15-29

5 Kidney failure < 15, or on renal
replacement therapy

FROM LEVEY AS, CORESH J, BOLTON K, ET AL. K/DOQI CLINICAL PRACTICE GUIDELINES FOR
CHRONIC KIDNEY DISEASE: EVALUATION, CLASSIFICATION, AND STRATIFICATION. KIDNEY
DISEASE OUTCOME QUALITY INITIATIVE. AM J KIDNEY DIS 2002; 39(SUPPL 2):51-5246.

chronically elevated serum creatinine levels,
but their renal function is not low enough to
require renal replacement therapy.3

e An unknown number of people, but a
number that is thought to be growing at an
alarming rate, has either decreased renal func-
tion despite normal serum creatinine levels or
kidney damage without a decrease in function.
Most notable are people with proteinuria. A

Patients at risk physician can easily fail to recognize this con-

Recovery from acute kidney failure
Reduction in kidney mass

Exposure to nephrotoxic drugs

Low birth weight.

To this list I would add:

Obesity

Cigarette smoking

Hyperlipidemia

[llicit drug use (eg, heroin).

Furthermore, a more rapid decline in renal
function can be predicted for patients with
higher blood pressure,4 poor glycemic con-
trol,5 or proteinuria.6,7

®m WHAT IS CHRONIC KIDNEY DISEASE?
THE NEW STAGING SYSTEM

Until recently, there was no specific and stan-

dard definition of chronic kidney disease,

which likely contributed to the limited role
that early detection and prevention plays in
the primary care practice.

However, the National Kidney Foundation
has devised a new staging system for chronic
kidney disease,! which may help health care
providers address the issue with more precision.
In this system, the GFR is used to define five
levels of disease (TaBLE 1).

e Stage 1 is kidney damage with a normal
GFR (= 90 mL/minute). This would often
be detected by the presence of proteinuria.

e Stage 2 is kidney damage with mildly
decreased kidney function (GFR 60-89
mL/minute).

e Stage 3 is moderately decreased kidney
function (GFR 30-59 ml/minute)

e Stage 4 is severely decreased kidney func-
tion (GFR 15-29 mL/minute)

e Stage 5 is kidney failure (end-stage renal
disease) with a GFR less than 15
mL/minute.

These stages can be used to guide treatment
of the patient and referral to a nephrologist.

Kidney biopsy is usually not necessary for
newly diagnosed chronic kidney disease, par-
ticularly in the setting of long-standing dia-
betes or hypertension. However, referral for
biopsy may be considered in the presence of
the nephrotic syndrome, collagen vascular dis-
ease, hematuria with a structurally normal uri-
nary tract, or rapid worsening of GFR or pro-
teinuria.

for kldney dition, thereby denying such a patient proven
. renoprotective therapies.
disease need
further m IS THE PATIENT AT RISK?
evaluation The National Kidney Foundation! has identi-
fied the following as “potential risk factors for
susceptibility to and initiation of chronic kid-
ney disease,” and calls for further evaluation if
these are present.
® Advanced age
¢ Non-Caucasian race
e Exposure to certain chemical and envi-
ronmental conditions
e Low income or education level
e Diabetes
® Hypertension
e Autoimmune diseases
e Systemic infections
e Urinary tract infections
e Urinary stones
e Lower urinary tract obstruction
® Neoplasia
e Family history of chronic kidney diseases
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m IS THE KIDNEY DAMAGED?
USE GFR, NOT CREATININE ALONE

If the patient has any of the risk factors listed
above, the next step is to determine if he or
she has chronic kidney disease.

Serum creatinine is not enough

The serum creatinine concentration is a con-
venient and inexpensive method of assessing
renal function, and a consistently elevated
level reliably indicates chronic kidney disease.

However, serum creatinine is a poor
screening test for mild disease, and some
patients have a substantial decrease in GFR
while their serum creatinine remains within
the normal range. This is most common in the
elderly, those with low muscle mass, and
women.

Therefore, when evaluating a patient at
risk for chronic kidney disease, it is important
to calculate the GFR, using one of several for-
mulas (TABLE 2).

Calculating the GFR

The MDRD formula (derived from the
Moadification of Diet in Renal Disease trial) is
more accurate than the traditional 24-hour
creatinine clearance determination.8

This formula may seem hard to use, but it
is available in software for desktop or hand-
held computers, for example, MedCalc for
Palm Pilots and on the World Wide Web at
www.kdogi.org. Using these, you can calcu-
late the GFR accurately in seconds if you have
the appropriate laboratory and demographic
data (serum creatinine, sex of the patient, race
of the patient, blood urea nitrogen, and serum
albumin).

The 24-hour creatinine clearance, based
on a 24-hour urine sample, may be less accu-
rate than the MDRD formula but more accu-
rate than the Cockroft-Gault formula. The
disadvantages of this method include the
added expense and the potential for errors in
urine collection.

The Cockroft-Gault formula, although
somewhat less accurate, is more familiar than
the MDRD formula and can be quickly used
during an office visit using a simple calculator;
this estimated creatinine clearance is a good
approximation of the GFR.9
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Three formulas for calculating the
glomerular filtration rate (GFR)

MDRD formula (most accurate — calculator at www.kdogi.org)

GFR = 170 x serum creatinine concentration—0-999

X age—0.176
x 0.762 (if female)
x 1.18 (if race is black)

x blood urea nitrogen concentration-0-17

x serum albumin concentration-0-318

24-hour creatinine clearance
(intermediate accuracy, least convenient)

urine creatinine concentration x volume in mL

GFR =

serum creatinine concentration X time in minutes

Cockroft-Gault formula (least accurate, most convenient)

GFR =

(140 — age) x weight in kg x (0.85 if female)

~ 72 x serum creatinine concentration

The Cockroft-Gault formula is less accu-
rate for patients over age 65 or at the extremes
of body weight.

Of note: none of these three formulas
should be used in acute renal failure; a stable
serum creatinine concentration is required.

The clearance of an infused substance
such as inulin or iothalamate is the gold stan-
dard for determination of GFR, but is not
practical for primary care physicians.

m REGARDLESS OF GFR,
IS PROTEINURIA PRESENT?

The presence and amount of urinary protein
affects the prognosis and is useful in making
clinical decisions. Proteinuria is a strong pre-
dictor of renal outcomes, it is modifiable, and
its reduction is associated with a slowing of
the decline in renal function.6,7

In addition, experimental evidence sup-
ports the notion that proteinuria itself has a
toxic effect on the kidney. Interaction of pro-
tein with tubular cells can lead to inflamma-
tion and fibrosis, which contributes to
nephron loss and deterioration in GFR.7

A dipstick urinalysis is indicated in
patients at risk for chronic kidney disease,
regardless of GFR.
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Calculate the
GFR from the
creatinine, BUN,
and albumin at
www.kdogi.org
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Evaluation of proteinuria in patients at risk
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for cardiovascular or renal disease

Calculate the albumin-to-creatinine ratio
(first morning void)

< 30 mg/g

Recheck in 1 year

Casual urine dipstick for protein

Negative or trace

i

< 200 mg/g
-

> 30 mg/g

:

Aggressive risk management

Evaluate for diabetes
(if not known to have diabetes)

1+ or greater

i

Calculate the protein-to-creatinine ratio
(first morning void)

> 200 mg/g

Perform diagnostic evaluation

- +

Consultation

FROM KEANE WF, EKNOYAN G. PROTEINURIA, ALBUMINURIA, RISK, ASSESSMENT, DETECTION, ELIMINATION (PARADE):
A POSITION PAPER OF THE NATIONAL KIDNEY FOUNDTION. AM J KIDNEY DIS 1999; 33:1004-1010.

FIGURE 1
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The prognostic value of dipstick-positive
proteinuria (macroproteinuria) has been
demonstrated repeatedly. For example,
Ruggenenti et al,10 in the Ramipril Efficacy in
Nephropathy study, found that 24-hour uri-
nary protein excretion was the best predictor
of progression of disease in patients with non-
diabetic chronic nephropathies. Those in the
lowest tertile (< 1.9 g/24 hours) had a 4.3%
rate of progression to end-stage disease over a
median follow-up of 23 months, while those in
the highest tertile (> 3.9 g/24 hours) had a
rate of 32.5%.

If the patient has dipstick-positive proteinuria
If the patient has dipstick-positive proteinuria
of 1+ or more, then one should determine the
urinary protein-to-creatinine ratio in a first
morning sample. This ratio correlates well
with the 24-hour protein excretion and is a
convenient and inexpensive method of moni-
toring proteinuria over time and assessing the
effect of an intervention.

VOLUME 70 « NUMBER 4

The 1999 consensus statement PARADE
(Proteinuria, Albuminuria, Risk, Assessment,
Detection, Elimination)!! provides guidance on
this key issue and a useful algorithm for man-
agement of dipstick protein findings (FIGURE 1).

If the patient has negative or trace protein
If the patient has either negative or trace pro-
tein by dipstick, then testing for microalbu-
minuria is indicated. This can be done by
measuring the albumin-to-creatinine ratio in
a random urine sample (preferably the first
morning void). An elevated ratio (> 30 mg/g),
confirmed by repeat testing, is a risk factor for
progressive kidney disease and is also a strong
risk factor for cardiac disease. Although test-
ing for microalbuminuria annually has been
the standard of care in diabetes for years, it
remains poorly utilized.

Many experts recommend screening for
microalbuminuria in nondiabetic patients at
risk for chronic kidney disease or cardiovascu-
lar disease, such as in patients with essential
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hypertension.!? Microalbuminuria predicts
increased risk for declining renal function and
for cardiovascular events in this setting, as it
does in diabetes.

For example, Bigazzi et all3 found that
hypertensive patients with microalbuminuria
had a higher rate of major cardiovascular
events (21.3% vs 2.3%) and a greater decrease
in creatinine clearance (12.7 mL/minute vs
7.1 mL/minute) than did those without
microalbuminuria during approximately 7
years of follow-up.

If a patient has microalbuminuria, one
should start intensive cardiovascular risk fac-
tor modification and consider the renoprotec-
tive practices discussed below, with the intent
of reducing the urine albumin level to normal.

® HOW TO MINIMIZE PROTEINURIA

The level of urinary protein excretion can be
lowered by any of the interventions listed in
TABLE 3, or by combinations of these interven-
tions.

Optimal blood pressure control and ACE
inhibitors will go a long way in minimizing
proteinuria, but the primary care physician
should be aware that other treatments such as
specific drug combinations and dietary salt
and protein restriction can also substantially
decrease even heavy proteinuria.

Both ARBs and nondihydropyridine cal-
cium channel blockers have antiproteinuric
effects.

[t is important that patients with protein-
uria restrict their dietary salt intake.
Unrestricted salt intake can virtually elimi-
nate the antiproteinuric effect of an ACE
inhibitor.14

Although there is evidence supporting
dietary protein restriction in the management
of proteinuric kidney disease, some controver-
sy exists. The primary care physician may wish
to pursue this after consulting a nephrologist.

If proteinuria cannot be kept below 200
mg per day, then referral to a nephrologist may
be indicated.

m IS THE BLOOD PRESSURE < 130/80?

The highest priority for the primary care
physician in managing mild chronic kidney
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Interventions that decrease proteinuria

Blood pressure control

Medications
Angiotensin-converting enzyme (ACE) inhibitors
Angiotensin-receptor blockers (ARBs)
Nondihydropyridine calcium channel blockers

Dietary salt restriction

Dietary protein restriction

disease is to control the blood pressure opti-
mally.

The standard goal is less than 130/80 mm
Hg, but 125/75 is suggested for patients with
heavy proteinuria,!5 and some experts advise
that the blood pressure be kept as low as tol-
erated for this subset of highest-risk patients.

The patient should be aware that reach-
ing this target slows the rate of decline in
renal function substantially, and that many
patients who achieve and maintain this goal
do so by combining a healthy lifestyle with
the use of multiple antihypertensive drugs.

= RENOPROTECTIVE DRUGS

The key aspects of pharmacotherapy include
blood pressure management, blockade of the
renin-angiotensin system, minimization of
proteinuria, and avoidance of nephrotoxins.

The use of multiple antihypertensive
drugs is often necessary to reach the blood
pressure goal. Therefore, the primary care
physician should be aware of the classes of
drugs that may be of benefit beyond their anti-
hypertensive effects.

® IS AN ACE INHIBITOR OR ARB INDICATED?

Blockade of the renin-angiotensin system
with an ACE inhibitor or ARB is generally
desirable in a patient with chronic kidney dis-
ease attributed to diabetes or hypertension.
Furthermore, an ACE inhibitor or ARB is
indicated in diabetic patients with microalbu-
minuria or overt nephropathy (dipstick-posi-
tive proteinuria), regardless of the GFR or
blood pressure.

VOLUME 70 « NUMBER 4

Arise in
creatinine
of <30%
on an ACE
inhibitor is
generally
acceptable
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Myths and facts about ACE inhibitors

Myth:
Fact:

Myth:
Fact:

Myth:

Fact:
Myth:

Fact:

Myth:

Fact:

342 CLEVELAND CLINIC JOURNAL OF MEDICINE

ACE inhibitors should be avoided in chronic kidney disease
ACE inhibitors are renoprotective in both diabetic
and nondiabetic kidney diseases, mild as well as advanced

ACE inhibitors are ineffective in African American patients
Although not potent antihypertensives as monotherapy,
ACE inhibitors can be effective as part of an overall anti-
hypertensive treatment plan, and are renoprotective
beyond their effects on blood pressure

ACE inhibitors should be discontinued if any rise in
creatinine occurs after initiation
A rise in serum creatinine of up to 30% is acceptable

ACE inhibitors should be stopped if any hyperkalemia
develops

Mild hyperkalemia can often be remedied by a low-
potassium diet and discontinuation of drugs that
decrease potassium excretion

ACE inhibitors obviate the need to test and monitor for
proteinuria or microalbuminuria

Proteinuria and microalbuminuria are modifiable risk
factors for renal failure; monitoring is an essential feature
of preventive nephrology

These drugs have several desirable effects,
including lowering systemic blood pressure,

intraglomerular pressure, and proteinuria.

Despite considerable evidence that ACE
in diabetic
nephropathy and in nondiabetic renal dis-
eases, these drugs are underused in chronic
kidney disease in general. Hsu et all6 found
that only 27% to 38% of such patients in one
health care system received ACE inhibitors,
with the lower rates in patients with more

inhibitors are beneficial

advanced disease.

Don't stop the ACE inhibitor unnecessarily

Given the ample evidence of the benefit of
this class of drugs, one should not stop an
ACE inhibitor unless the patient truly cannot
tolerate it (ie, develops cough, angioedema, or
another allergic response) or develops moder-
ate or severe hyperkalemia or acute renal
insufficiency. The latter two situations call for
clinical judgement and may result in unneces-

sarily stopping the drug for “soft” reasons.

Mild hyperkalemia (potassium < 5.6

mEq/L) can often be remedied by:

VOLUME 70 « NUMBER 4

e Stopping potassium supplements, potassi-
um-sparing diuretics, dietary salt substi-
tutes, and nonsteroidal anti-inflammatory
drugs (NSAIDs)

e Giving diuretics as appropriate, in partic-
ular twice-daily loop diuretics to promote
potassium excretion

e Giving specific verbal and written advice
on lowering dietary potassium.

A modest rise in creatinine on an ACE
inhibitor may be good. A rise in serum creati-
nine of up to 30% within 1 to 2 weeks of start-
ing an ACE inhibitor is generally acceptable,
provided that it does not rise further on con-
tinued monitoring.

This increase may even be a good
thing. Bakris and Weirl7 reviewed 12 clin-
ical trials averaging 3 years of follow-up
and found that an acute increase in serum
creatinine of up to 30% was strongly asso-
ciated with long-term preservation of renal
function.

If the serum creatinine concentration rises
by more than 30%, however, one should stop
the ACE inhibitor and consider whether the
patient has renal artery stenosis or another
high-renin state such as hypovolemia or
uncompensated heart failure. If such a condi-
tion is present and can be corrected (eg, hypo-
volemia treated by volume repletion), then it
may be worthwhile to consider a second trial
of an ACE inhibitor.

Considering the key role that ACE
inhibitors play in preventive nephrology (and
primary care medicine in general), their use
should be based on fact rather than myths or
misconceptions (TABLE 4).

When to consider an ARB
An ARB is indicated for patients who cannot
tolerate ACE inhibitors. In general, neither
cough nor angioedema should occur with an
ARB; however, rare cases of angioedema have
been reported.!8 Both irbesartan!® and losar-
tan20 have been shown to slow progression in
the nephropathy of type 2 diabetes.
Therefore, for the nephropathy of type 2
diabetes specifically, an ARB can be consid-
ered first-line therapy.2! However, the merits
of an ACE inhibitor as first-line therapy can
also be argued, eg, on the basis of a more firm-
ly established cardiovascular benefit.
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The physiologic effects of ARBs are not
identical to those of ACE inhibitors, but sim-
ilar enough that the above discussion of the
use of ACE inhibitors can generally be
applied, for practical purposes, to ARBs.

Increase the ACE or ARB dose

If the blood pressure goal has been attained
but proteinuria has not been substantially
reduced, an increase in the dose of ACE
inhibitor or ARB is in order.

Combine an ACE and an ARB?

Combining an ACE inhibitor with an ARB
may hold promise. For instance, candesartan
added to lisinopril resulted in a greater
decrease in proteinuria and blood pressure
than did either drug alone.??2 The long-term
effects of this combination in the treatment of
chronic kidney disease remain to be seen.

Add a calcium channel blocker?

The nondihydropyridine calcium channel
blockers diltiazem and verapamil have
antiproteinuric effects, and the combination
of verapamil and the ACE inhibitor tran-
dolapril has been shown to reduce protein-
uria more than either drug alone.23 Their
antiproteinuric and potent antihypertensive
effects make diltiazem and verapamil key
components in treating chronic kidney dis-
ease.

The effects of dihydropyridine calcium
channel blockers (nifedipine, amlodipine,
felodipine, isradipine, nicardipine, nisoldip-
ine) are less clear, but they seemed to worsen
proteinuria in several studies, at least when
used without an ACE inhibitor. For example,
the amlodipine arm of the African American
Study of Kidney Diseases was terminated after
patients randomized to this drug experienced
more proteinuria and a more rapid decline in
renal function than did those receiving either
metoprolol or ramipril.24

Not all trials demonstrated these undesir-
able renal effects of dihydropyridine calcium
channel blockers, and these drugs can play an
important role. While we await more clarity
on this controversial issue, it is important to at
least screen and monitor for proteinuria in
patients with chronic kidney disease receiving
these drugs.
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m PROTEINURIA MAY BE A CLUE
TO AN UNDERLYING DISORDER

While minimizing proteinuria is an important
treatment goal for patients with diabetes or
hypertension, we should remember that pro-
teinuria may be a clue to an occult renal or
systemic disorder. For example:

®  Monoclonal protein analysis of urine and
blood may be indicated to investigate suspect-
ed multiple myeloma or amyloidosis.

e Hematuria, cellular casts, or other abnor-
malities in the urine sediment should prompt
a referral to a nephrologist, as they suggest a
condition such as glomerulonephritis, which
may require more specific treatment.

e Heavy proteinuria in a diabetic patient
without other microvascular disease (eg,
retinopathy, neuropathy) may not be due to
diabetic nephropathy, and early subspecialty
referral may again be indicated.

m BE ALERT FOR NEPHROTOXINS

In an office practice, the most important
nephrotoxins are the NSAIDs, which have
been associated with both acute and chronic
kidney disease. Although definitive evidence
of the risk of chronic NSAID use in mild
chronic kidney disease is lacking, the prima-
ry care physician would do well to follow
widely held expert opinion and avoid regular
use of these drugs, except for aspirin in low
doses.

While we await further study about the
renal effects of cyclo-oxygenase 2 (COX-2)
inhibitors, it is best not to assume that these
drugs are safe in this regard. Traditional
NSAIDs and selective COX-2 inhibitors have
been found to have essentially the same acute
hemodynamic and renal effects, and use of
drugs from either class can lead to sodium
retention, hyperkalemia, edema, and increased
blood pressure.25 Both classes have been found
in some cases to precipitate acute renal failure
in chronic kidney disease.

m OTHER KEY RENOPROTECTIVE STRATEGIES
Tight glycemic control for diabetic

patients and stopping cigarette smoking are
critically important in chronic kidney disease.

VOLUME 70 « NUMBER 4

It may be wise

to avoid NSAIDs

in chronic

kidney disease
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The bulk of the evidence regarding the
renal benefit of intensive blood control is in
regard to prevention’; however, tight control
is the goal at all stages of kidney disease.
Cigarette smoking has been associated with a
faster decline in renal function in patients
with essential hypertension26 and diabetes,
even with ACE inhibition.27

While pursuing these goals is standard in a
primary care practice, educating the patient
with kidney disease regarding the renal bene-
fits involved may be a helpful motivating fac-
tor. The reader is referred to a comprehensive
review of renoprotective strategies, including
a detailed approach to controlling blood pres-
sure?8; described above are the essentials that
the busy primary care doctor must address in
patients at risk who have mild disease.

= MONITORING AND REFERRAL

The National Kidney Foundation staging sys-
tem can help guide the primary care physician
on when to refer the patient to a nephrologist.

Patients in stage 1, 2, or 3 can usually be
managed by a primary care physician.

However, patients in stage 3 (GFR 30-59
mL/minute) should be assessed for anemia,
nutritional status, bone metabolism, and func-
tioning and well-being.

Patients with stage 4 or stage 5 disease will
benefit from timely referral to a nephrologist
to maximize renoprotective strategies, to
address the expected cormorbidities such as
anemia, bone disease, malnutrition, and left
ventricular hypertrophy, and to prepare for
dialysis or transplantation. =
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CORRECTIONS

Osteoporosis in men

(MARCH 2003)

“Osteoporosis in men: Suspect secondary dis-
ease first,” by Angelo Licata, MD, PhD
(Cleve Clin ] Med 2003; 70:247-254) con-
tained a typographic error. On page 251 the
T-score range for osteopenia was listed as
between —1.5 and —2.5. The World Health
Organization criteria specify —1.0 to —2.5. We
would like to thank Dr. Stefan Monev, of
Oshkosh, Wis, for pointing this out.

Dr. Robert Misson, of San Luis Obispo, Cal,
for pointing this out.

Three formulas for calculating the
glomerular filtration rate (GFR)
MDRD formula (most accurate — calculator at www.kdogi.org)
GFR = 170 x serum creatinine concentration—0-999

X age—0.176

x 0.762 (if female)

x 1.18 (if race is black)

x blood urea nitrogen concentration-0-17

x serum albumin concentration 0-318
24-hour creatinine clearance
(intermediate accuracy, least convenient)
urine creatinine concentration x volume in mL
serum creatinine concentration x time in minutes

Preventing kidney failure

(APRIL 2003)

1ABLE 2 in “Preventing kidney failure:
Primary care physicians must intervene ear- GFR =
lier” by Christopher J. Hebert, MD (Cleve

Clin ] Med 2003; 70:337-344) contained a Cockroft-Gault formula (least accurate, most convenient)
typographic error. The exponent of the (140 — age) x weight in kg x (0.85 if female)
serum albumin concentration should be GRR = = serum creatinine concentration

positive, not negative. The corrected table
is shown at right. We would like to thank
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