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Review
Synthèse

Case
A 60-year-old woman with diabetes mellitus, hypertension and
known kidney disease presents to her family physician for a
routine assessment. She has mild fatigue but is otherwise
asymptomatic. Her weight is 55 kg, and her blood pressure is
155/90 mm Hg with no postural changes. She has no periph-
eral or periorbital edema. Findings on precordial examination
are unremarkable, but there are diffusely reduced peripheral
pulses and a right femoral bruit. Funduscopy reveals arterio-
venous nicking, the appearance of silver wiring and occasional
cotton-wool exudates. The patient’s current medications in-
clude hydrochlorothiazide (25 mg/d) and insulin (subcuta-
neously, twice daily). Her most recent serum creatinine values,
measured 12 and 18 months ago, were 140 µmol/L and
132 µmol/L respectively.

How should the patient’s degree of kidney dysfunction be
assessed? What biochemical abnormalities are characteristic of
kidney disease? How can the patient’s medical management be
optimized? When should she be referred to a nephrologist?

The incidence of end-stage renal disease (ESRD) is
increasing at an annual rate of about 7%, with a
corresponding growth in the prevalence of Can-

adians requiring dialysis from 223 per million population in
1981 to 810 per million in 2000.1 The number of patients
who have chronic kidney disease but who do not require
renal replacement therapy is unknown. It is estimated that
at least 600 000 to 1 million people have stage III (moder-
ate) or worse kidney disease,2 as demonstrated by a
glomerular filtration rate below 60 mL/min (1.00 mL/s)
per 1.73 m2. Table 1 shows the number of patients by stage
of chronic kidney disease, estimated from both US and
Canadian prevalent dialysis populations. The stages of
chronic kidney disease, as classified by the US National
Kidney Foundation,2 are defined in Box 1.

Kidney disease at all stages is associated with a substantial
burden of illness. There is accumulating data suggesting that
even mild levels of kidney dysfunction are associated with
worse outcomes.3 In the past 2 decades, improvements in the
medical management of kidney disease have delayed the rate
of progression to kidney failure.4 In addition, referral to a
nephrologist has been found to be associated with improved
clinical outcomes, as demonstrated by minimized biochemical
abnormalities, decreased use of temporary devices for vascular

access and shortened hospital stays at the time of initiation of
renal replacement therapy.5,6 The poor outcomes of many pa-
tients receiving dialysis (about 50% of prevalent dialysis pa-
tients die within 5 years7) are often due to the substantial bur-
den of illness that accrues in these patients as their condition
progresses to ESRD. Optimal care before dialysis may thus
ultimately have an impact on the survival of chronic dialysis
patients. In fact, Gorriz and coworkers8 recently showed that
longer nephrological care before dialysis was associated with
improved long-term survival of dialysis patients.

Primary care physicians are positioned to recognize the
early stages of kidney disease and to subsequently include
nephrologists and associated health care professionals in the
care of these patients. Recently, guidelines have been imple-
mented for the management and referral of patients with el-
evated serum creatinine levels.9 Furthermore, a new classifi-
cation system that helps to simplify and identify patients with
chronic kidney disease has been published.2 In this article, we
provide an approach to the identification and management
of factors associated with the progression of kidney disease
and of specific complications of chronic renal insufficiency.

Diagnosis

The diagnosis of chronic kidney disease is often delayed
because the signs, symptoms and metabolic abnormalities
associated with kidney impairment are insidious and non-
specific (Boxes 2 and 3) and because the serum creatinine
level, by which renal function is often assessed, is an insen-
sitive marker of kidney impairment. The dependence of the
serum creatinine level on muscle mass makes women and
older patients particularly susceptible to missed diagnoses.
We recommend the use of a more sensitive index of renal
function, the creatinine clearance. This parameter can be
determined by measurement of creatinine in a 24-hour
urine collection (with a concurrent serum creatinine mea-
surement) or alternatively, and more easily, by calculation
using the Cockcroft–Gault formula10 (Table 2). A normal
glomerular filtration rate is 120 (standard deviation [SD]
20) mL/min (2.00 [SD 0.33] mL/s) per 1.73 m2. Abnormal
glomerular filtration rates are used to classify the stages of
chronic kidney disease (Box 1).

A focused history and physical examination of patients
with suspected chronic kidney disease may be useful for
identifying causes and sequelae of kidney disease (Boxes 2, 3
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and 4). Several laboratory tests are also useful in the investi-
gation of chronic kidney disease (Box 5), both to rule out
comorbidities that can predispose patients to the disease and
to monitor metabolic conditions that can develop as a result
of chronic kidney disease. It is important to distinguish be-
tween acute and chronic renal failure. Features that support
chronicity include previously elevated serum creatinine val-
ues, ultrasound evidence of small kidneys and the presence
of metabolic abnormalities discussed in the next section. If
there is uncertainty of the acuity of the renal failure, then
immediate referral to a nephrologist is warranted.

Management

The following are steps in the management of patients
with kidney disease.

1. Identify reversible causes of kidney disease

Reversible declines in kidney function are frequently
due to volume contraction, urinary obstruction or toxic ef-
fects of medications. Medications that can cause a decline
in kidney function include angiotensin-converting enzyme
(ACE) inhibitors, angiotensin-receptor blockers (ARBs),
NSAIDs, certain antibiotics (aminoglycosides and ampho-
tericin B) and intravenous radiocontrast agents. If intra-
venously administered radiocontrast is to be used, oral
acetylcysteine administration may attenuate the toxic ef-
fects.11 Kappel and Calissi,12 in part 3 of this series, reviewed
safe drug prescribing for patients with renal insufficiency.

2. Identify kidney disease requiring disease-specific
therapies

Causes of renal failure that may require specific thera-
pies include renovascular disease, glomerulonephritis (in-
cluding the nephrotic syndrome), hypercalcemia, multiple

myeloma and upper urinary tract infections. Nephrologists
should be involved in the care of patients with any of these
diagnoses.

3. Identify and treat factors associated 
with progression of kidney disease

Hypertension

The recommended target blood pressure for patients
with renal disease is less than 130/80 mm Hg in those with
low levels of protein excretion and less than 125/75 mm Hg
in those with high levels of protein excretion (≥ 1–3 g/d or
more).13 The choice of antihypertensive agent is generally
felt to be less important than the achievement of optimal
blood pressure control, and patients often ultimately require
3 or more agents.14,15

ACE inhibitors are often used as first-line antihyperten-
sive agents in patients with kidney disease because they not
only decrease systemic blood pressure but also decrease in-
traglomerular blood pressure through a preferential dilata-
tion of glomerular efferent arterioles. A number of large,
randomized controlled trials have demonstrated the effi-
cacy of ACE inhibitors in both the reduction of protein-
uria and the slowing of renal disease progression.16–18 Pa-
tients taking ACE inhibitors should be monitored closely
for the development of acute renal failure and hyper-
kalemia: serum creatinine and potassium levels should be
checked 1 week and 1 month after starting therapy. Acute
declines in renal function, defined as an increase in serum
creatinine of 30% from baseline that stabilizes within the
first 2 months of ACE inhibitor therapy, are tolerable, and
in fact such declines have been associated with a slower
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Box 1: Stages of chronic kidney disease

Stage 1 Kidney damage, with normal or
elevated glomerular filtration rate
(GFR) (≥ 90 mL/min [≥ 1.50 mL/s]
per 1.73 m2)

Stage 2 Kidney damage, with mild decrease
in GFR (60–89 mL/min
[1.00–1.48 mL/s] per 1.73 m2)

Stage 3 Kidney damage, with moderate
decrease in GFR (30–59 mL/min
[0.50–0.98 mL/s] per 1.73 m2)

Stage 4 Kidney damage, with severe
decrease in GFR (15–29 mL/min
[0.25–0.48 mL/s] per 1.73 m2)

Stage 5 Kidney failure, with GFR
< 15 mL/min (< 0.25 mL/s) per
1.73 m2 or need for dialysis

Source: US National Kidney Foundation.2 SI units are
provided in square brackets.

Table 1: Conservative estimates of the prevalence of chronic
kidney disease in Canada among people over 20 years old,
by stage of disease

Disease
stage*

Prevalence 1
(extrapolated directly

from US data)†

Prevalence 2
(extrapolated from US data
and adjusted for Canadian

dialysis prevalence)†

1    792 000 478 500
2    720 000 435 000
3 1 032 000 623 500
4      48 000   29 000
5     (24 000)   14 500

*See Box 1 for descriptions of the stages of chronic kidney disease.
†Prevalence 1 is extrapolated directly from US prevalence data2 and assumes that the Canadian
population is 10% of the American population. Prevalence 2 is an estimate of the number of
Canadians in each stage of kidney disease, based on the number of Canadian patients currently
receiving dialysis (14 500)1 and the ratios of patients in each stage to those receiving dialysis.
The numbers in both columns are estimates, but they do begin to address the magnitude of the
potential problem of the number of patients with moderate to severe chronic kidney disease
(stages III and IV) in Canada.



progression of kidney disease after 3 or more years of ACE
inhibitor therapy.19

Patients who cannot tolerate ACE inhibitors may be pre-
scribed ARBs, which do not promote bradykinin accumula-
tion and thus are not associated with the development of
cough. Early studies have found that ARBs are as effective as
ACE inhibitors in slowing the progression of renal disease.20

Diuretics are particularly useful in patients with extracel-
lular fluid volume expansion. The choice of diuretic is deter-
mined by the glomerular filtration rate. Thiazides should be
used in patients with a higher glomerular filtration rate (cre-
atinine clearance > 50 mL/min [> 0.83 mL/s]) and more po-
tent loop diuretics (e.g., furosemide) in patients with a lower
glomerular filtration rate.15 Long-acting nondihydropyridine
calcium-channel blockers (e.g., diltiazem) are recommended
over the dihydropyridine subclass (e.g., amlodipine or
nifedipine) because the former independently reduce cardio-
vascular mortality, proteinuria and progression of diabetic
nephropathy.21,22 The dihydropyridine calcium-channel
blockers, if prescribed without an ACE inhibitor, may result
in increased proteinuria. When these agents are combined
with ACE inhibitors, however, they reduce cardiovascular
mortality, proteinuria and progressive nephropathy.13,23

Optimal antihypertensive combinations involve drugs
with different mechanisms of activity. Effective combina-
tions often include ACE inhibitors and diuretics, or diuret-
ics and calcium-channel blockers. In addition, dietary

sodium restriction is essential for controlling hypertension
in patients with chronic kidney disease.

Proteinuria

Proteinuria is a hallmark of both diabetic and nondia-
betic glomerular disease that is not only a marker of under-
lying renal disease but is also thought to contribute to de-
clining kidney function.24 Proteinuria reduction is thus felt
to be beneficial in patients with renal insufficiency. Effec-
tive strategies for reducing proteinuria include lowering in-
traglomerular pressure with ACE inhibitors, ARBs or
nondihydropyridine calcium-channel blockers.15,25,26

Reports of 2 independent studies published in the last
year demonstrated a significant reduction in the progression
of type 2 diabetic nephropathy with the use of ARBs.27,28

Similar studies have not been performed with ACE inhi-
bitors. However, the HOPE study demonstrated that there
is a significant cardioprotective effect with the use of ACE
inhibitors in patients with cardiac disease, including patients
with diabetes.29 No explicit recommendations can be made
about whether to choose an ACE inhibitor or an ARB for
patients with the 3 indications for angiotension blockade:
hypertension control, proteinuria reduction and cardiopro-
tection. Combination therapy can be attempted if neither
class sufficiently controls blood pressure or proteinuria in-
dependently; however, such therapy should be used cau-
tiously, and serum potassium and creatinine levels should be
checked 1 week and 1 month after starting the second med-
ication, and after any dose change.

Hyperglycemia

For patients with diabetes, hyperglycemia contributes
initially to the development of hyperfiltration and subse-
quently to sclerosis. The Diabetes Control and Complica-
tions Trial demonstrated that, among patients with type 1
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Box 2: Signs and symptoms associated with
chronic kidney disease

General
Fatigue and malaise
Edema (often peripheral

and periorbital)
Decreased urine output

in late stages
Ophthalmologic
Funduscopic evidence

of hypertension
(arteriovenous nicking
and appearances of
copper and silver wiring)

Funduscopic evidence
of diabetes (cotton-wool
spots)

Cardiac
Hypertension
Heart failure, fluid overload
Pericarditis
Accelerated atherosclerosis

Gastrointestinal
Anorexia
Nausea and vomiting
Dysgeusia (metallic taste)
Constipation
Bleeding
Dermal
Pruritis
Ecchymoses
Pallor
Neuromuscular
Restless legs syndrome
Muscle cramps
Impaired cognition
Seizures
Peripheral neuropathy
Protein-energy

malnutrition, loss of lean
body mass

Bone pain (may be related
to osteomalacia)

Box 3: Metabolic changes associated
with chronic kidney disease

• Hemoglobin ↓
• Sodium ↑  or ↓

• Potassium ↑

• Bicarbonate ↓
• Calcium ↓

• Phosphate ↑
• Parathyroid hormone (secondary

hyperparathyroidism) ↑

• Uric acid ↑

• Triglycerides ↑



diabetes, improved glycemic control both reduced the inci-
dence of microvascular complications and delayed the pro-
gression of established microvascular complications.30

Thus, nutritional and medical interventions to optimize a
patient’s glycemic control are recommended. In addition,
the United Kingdom Prospective Diabetes Study showed
that intensive glucose control in patients with type 2 dia-
betes also reduces the incidence of microvascular complica-
tions, including nephropathy.31

4. Monitor and treat biochemical abnormalities

Anemia

Anemia is common in patients with chronic kidney dis-
ease. In those receiving dialysis it is associated with poor out-
comes, including increased rates of hospital admission, coro-
nary artery disease and left ventricular hypertrophy, and
reduced quality of life.32–34 Anemia occurs because of a de-
crease in effective erythropoietin production and therefore
often requires recombinant erythropoietin therapy. Often
there is concomitant iron deficiency, due to poor oral intake
and reduced intestinal iron absorption. Thus, adequate iron
stores should be ensured before the initiation of erythropoi-
etin therapy.35 Anemia treatment can significantly improve
energy levels, sleep, cognitive function and health-related
quality of life in patients receiving dialysis.36,37 Studies are un-
derway to determine whether initiation of erythropoietin
therapy in patients with moderate renal dysfunction prevents
the development of left ventricular hypertrophy, other car-
diovascular disease and death.

Mineral metabolism

Abnormalities in mineral metabolism affect calcium,
phosphate and parathyroid hormone levels and occur early

in renal disease. The underlying cause is the decreased abil-
ity of the kidney to excrete phosphate and to produce the
active vitamin D metabolite (1,25-dihydroxyvitamin D),
which leads to hypocalcemia and secondary hyperparathy-
roidism. Mineral metabolism abnormalities have been asso-
ciated with renal osteodystrophy and calciphylaxis and,
more recently, with cardiac and other vascular calcifica-
tions.38,39 Initial therapy includes restriction of dietary phos-
phate intake, often with the assistance of a renal dietitian,
calcium supplementation with meals (to bind and prevent
absorption of dietary phosphate from the intestine) and
possibly oral vitamin D supplementation.

Dyslipidemia

Abnormalities in the serum lipid profile are common in
patients with kidney disease and are characterized by ele-
vated triglyceride levels, reduced total cholesterol, high-
density lipoprotein (HDL) and low-density lipoprotein
(LDL) levels, increased very-low-density and intermediate-
density lipoproteins and triglyceride enrichment of LDL
and HDL particles.40 In addition, comorbidities such as dia-
betes and atherosclerosis are independently associated with
dyslipidemias. There is experimental animal evidence that
cholesterol loading enhances glomerular injury41 and that
pharmacological lowering of lipid levels slows the rate of
progression of renal disease.42 However, to date, there is no
clinical evidence as to the efficacy of lipid-lowering medica-
tions in slowing the progression of kidney disease. Because
of the high prevalence of cardiovascular disease among pa-
tients with chronic kidney disease, it may be important to
address high lipid levels. The National Cholesterol Educa-
tion Program recommends reducing lipid levels in high-
risk populations, including people with kidney disease.43
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Box 4: Risk factors for chronic
kidney disease

• Hypertension

• Diabetes mellitus

• Family history of renal disease

• Cardiovascular disease

• Collagen vascular disease
(e.g., systemic lupus erythematosus,
Sjögren’s syndrome, rheumatoid
arthritis, scleroderma, vasculitis)

• Medications (e.g., NSAIDs, lithium,
cisplatin)

• Malignant disease (e.g., multiple
myeloma, lymphoma)

• Chronic infection (e.g., hepatitis B
or C, HIV infection, endocarditis)

• Smoking

Table 2: Commonly used formulas to calculate creatinine
clearance and glomerular filtration rate

• Cockcroft–Gault formula for creatinine clearance (CrCl)
  Men: CrCl (mL/min)  =  (140 – age [yr]) × weight (kg)

                                    SCr (µmol/L) × 0.81

             (mL/s)  =  (140 – age [yr]) × weight (kg)

                                    SCr (µmol/L) × 50

  Women: As above, multiply value by 0.85

• MDRD formula for glomerular filtration rate (GFR)

GFR (mL/min per 1.73 m2) = 186 × (SCr × 0.0113)–1.154 × (age [yr])–0.203

                               × (0.742 if female) × (1.210 if African American)

The creatinine assays used in laboratories may lead to some variation
in results depending on the assay calibration. Use of these formulas
will help to improve the accuracy of the assessment of kidney function.

Note: SCr = serum creatinine, MDRD = modification of diet in renal disease.



Cholesterol targets for lipid-lowering therapy are currently
considered to be the same as those for the secondary pre-
vention of cardiovascular disease.

Nutrition

Uremia causes a catabolic state and anorexia with de-
creased dietary protein intake,44 both of which lead to pro-
tein malnutrition. Protein-restricted diets may help re-
duce the rate of progression of kidney disease, but it is
important to avoid protein malnutrition in this popula-
tion. The assistance of renal dietitians is essential to bal-
ance the complex nutritional needs and restrictions (phos-
phate and protein restriction, with adequate protein and
energy intake).

Metabolic acidosis

The inability of the kidney to regenerate sufficient bicar-
bonate to replace that consumed through the buffering of
dietary acids can cause metabolic acidosis, which may in
turn promote muscle catabolism45 and exacerbate metabolic
bone disease.46 Sodium bicarbonate is effective for the treat-
ment of metabolic acidosis, but it should be prescribed judi-
ciously, owing to the risk of sodium loading and consequent
volume expansion and hypertension. Bicarbonate therapy is
typically considered when serum bicarbonate levels are less
than 22 mmol/L; the usual starting dose is 500 mg twice
daily. However, proper trials evaluating this strategy have
not been undertaken.

Cardiovascular disease

Cardiovascular disease is present in up to 70% of pa-
tients commencing dialysis47 and is the leading cause of
death in dialysis patients.1 Left ventricular hypertrophy, a
risk factor for cardiovascular events, has been well docu-
mented in chronic kidney disease.48 In addition, patients
with chronic kidney disease have a poor prognosis after
myocardial infarction, with decreased survival and in-
creased incidence of post-infarct complications (e.g., ar-
rhythmias, heart failure, cardiogenic shock and acute mi-
tral valve regurgitation) being more frequently observed
with progressively worse kidney function.49 Traditional
strategies to modify cardiac risk factors and prevent car-
diovascular events should be implemented, but they are of-
ten neglected because of the misperception about the futil-
ity of care in this patient group.50

5. Refer patients to a nephrologist 
and renal care team

Consultation with a nephrologist is often desirable in
the early stage of kidney disease in order to reduce the
rate of progression of kidney insufficiency, to assist in op-
timizing treatment of comorbid conditions, to adjust

medications affected by chronic kidney insufficiency and
to help decide the appropriate timing of renal replace-
ment therapy. Guidelines from the Canadian Society of
Nephrology state that dialysis should be initiated when
the creatinine clearance falls to 5–10 mL/min (0.08–0.17
mL/s) in asymptomatic patients or 15–20 mL/min (0.25–

Chronic kidney disease
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Box 5: Laboratory investigations for comorbidities
and some reversible causes of chronic kidney
disease

Blood
Complete and differential

blood count
Electrolytes
Bicarbonate
Urea
Creatinine
Calcium
Phosphorus
Serum intact parathyroid

hormone
Fasting glucose

Hemoglobin A1C

Total protein
Serum albumin
Serum protein

electrophoresis
Fasting serum cholesterol

(total, HDL and LDL)
and triglycerides

Uric acid
Ferritin, iron saturation (if

patient is anemic)

Urine
• Urinalysis (to detect erythrocytes, protein)
• Microscopic examination of urine (to confirm presence

of hematuria, dysmorphic erythrocytes, leukocytes,
hyaline or cellular casts, bacteria)

• Random urine test for albumin:creatinine ratio
(mg:mmol); normally < 2.8 for women, < 2.0 for men

• 24-Hour urine collection for protein and creatinine
clearance (if dipstick test is positive for protein,
albumin:creatinine ratio is abnormal, or nonalbumin
proteinuria is suspected)

Imaging
• Ultrasound of the abdomen (to identify urinary tract

obstruction, polycystic kidney, masses, atrophy
associated with irreversible sclerosis; Doppler
evaluation screens for renovascular disease)

Other*
• Renal biopsy (to diagnose inflammatory renal disease)
• Special blood tests: complement levels (reduced

in certain types of glomerulonephritis), anti-DNA
(increased in systemic lupus erythematosus), hepatitis
B and C antibodies (positive test result may indicate
immune complex disease), antineutrophil cytoplasmic
antibodies (positive test result may indicate Wegener’s
granulomatosis), antiglomerular basement membrane
antibodies (positive test result indicates Goodpasture’s
syndrome)

Note: HDL = high-density lipoprotein, LDL = low-density lipoprotein.
*Often ordered by nephrologist.
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0.33 mL/s) in symptomatic patients.51 The society also ad-
vises that at least 1 year is required for a renal care team
to prepare patients adequately for dialysis, including edu-
cating patients and their families about the different treat-
ment modalities (transplantation, hemodialysis or peri-
toneal dialysis), and either planning for noncadaveric
renal transplantation or creating peritoneal or vascular ac-
cess.9 The Canadian Society of Nephrology guidelines
recommend that an arteriovenous fistula be established
when the creatinine clearance is 15–20 mL/min (0.25–
0.33 mL/s).52

The case revisited

According to the Cockroft–Gault equation (Table 2),
with a serum creatinine level of 140 µmol/L, weight of
55 kg and age of 60 years, the patient’s creatinine clear-
ance is calculated to be 33 mL/min (0.55 mL/s), which in-
dicates that she has lost about 70% of her kidney function
and has stage 3–4 chronic kidney disease. Further bio-
chemical assessments are undertaken to assess for other
risk factors and possible consequences of renal impair-
ment (Table 3).

A nephrologist is consulted, and an abdominal ultra-
sound is ordered, which shows no obstruction and bilater-
ally small echogenic kidneys. Results of serologic tests for
hepatitis B and C and of serum protein electrophoresis are
negative. The patient is judged to have kidney disease on
the basis of her hypertension and diabetes. The relative
contribution of each is not possible to determine from the
information available, and a biopsy is judged unnecessary.

To reach the target blood pressure of 125/75 mm Hg,
the thiazide diuretic therapy is stopped, ramipril therapy
is started (with appropriate monitoring of serum elec-
trolyte and creatinine levels), and diltiazam therapy is
eventually added to her medication regimen. Six months

after the initiation of the ACE inhibitor therapy, the pa-
tient’s proteinuria is reduced, from 3.7 g/d to 1.8 g/d.
Two months after cessation of hydrochlorothiazide ther-
apy, her serum total cholesterol and LDL and HDL cho-
lesterol levels are all still abnormal, and dietary fat re-
striction is attempted but proves ineffective. Atorvastatin
therapy is initiated, and 4 months later her lipid profile
returns to normal.

With nutritional counselling and continued use of sub-
cutaneous insulin therapy, the patient’s capillary blood
glucose level (measured twice daily) improves, and the
hemoglobin A1c is 6.8%. She is advised by a nutritionist
about sodium and phosphate restriction, and calcium car-
bonate supplementation (1 tablet with each meal) is
started. Six months later her serum calcium level has risen
to 2.32 mmol/L, her serum phosphate level has decreased
to 1.5 mmol/L, and her parathyroid hormone level has
fallen to 15 (normally 1–5) pmol/L. Iron supplementation
(ferrous sulfate 600 mg every night) results in the return of
her iron stores to normal and the elevation of her hemo-
globin concentration to 115 g/L, without the need for ery-
thropoietin therapy. Potassium restriction is not required,
but she is given a list of potassium-containing foods for
possible future reference.

Discussions take place with the patient and her family
regarding options for future renal replacement therapy, in-
cluding living donor or cadaveric renal transplantation, and
peritoneal dialysis or hemodialysis. The issue of timely cre-
ation of hemodialysis access or placement of a peritoneal
dialysis catheter are also discussed.
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Table 3: Results of laboratory investigations in the case

Parameter Value*

Hemoglobin, g/L 105 (120–160)
Mean corpuscular volume, fL 78
Hemoglobin A1c, % 8.2 (< 6.9)
Transferrin saturation, % 15 (30–60)
Bicarbonate, mmol/L 24 (24–28)
Phosphate, mmol/L 1.70 (0.70–1.60)
Calcium, mmol/L 2.15 (2.25–2.50)
Intact parathyroid hormone, pmol/L 28 (1–5)
Cholesterol, mmol/L

Total 5.90
LDL 3.20 (2.20)
HDL 0.96 (> 1)

Albumin, g/L 32 (40)
Urine dipstick, g/L 3
Protein excretion in 24-h urine collection, g/d 3.7

*Values in parentheses are normal ranges or target values.

Key points

• The serum creatinine level is an inaccurate marker of
kidney function; it is more accurate to measure the cre-
atinine clearance or, more easily, to use simple equa-
tions to calculate the creatinine clearance or the
glomerular filtration rate (Table 2).

• Once progressive kidney disease or a secondary cause
of kidney disease that requires specific therapy is iden-
tified, the patient should be referred to a nephrologist
and renal care team to develop a comprehensive plan
for treatment and follow-up.

• The target blood pressure for patients with kidney dis-
ease (< 130/80 mm Hg), and especially for those with
proteinuria (< 125/75 mm Hg), is lower than that in the
general population.

• Hypertension and proteinuria are the 2 most important
modifiable risk factors for patients with progressive kid-
ney disease.

• Multidisciplinary clinics, through educational and care
programs, can assist patients and their families with de-
laying progression of kidney disease as well as plan-
ning for kidney replacement therapy and easing the
transition to dialysis or transplantation.
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