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are independent pre dictors of adverse cardio-
vascular outcomes;3–10 therefore, elderly 
patients with reduced renal function comprise a 
high-risk population for cardiovascular disease. 
This population also has the potential to benefit 
greatly from appropriate therapy, and should be 
identified early to optimize therapy and mini-
mize complications. Unfortunately, patients 
with chronic kidney disease are less likely to 
receive therapy known to reduce cardiovascular 
mortality rates.4,11,12 This article reviews current 
approaches to the estimation of renal function 
and the unique considerations for medication 
use in elderly patients with concomitant renal 
and  cardiovascular disease. 

ESTIMATION OF RENAL FUNCTION 
IN ELDERLY PATIENTS
Epidemiologic data suggest a high prevalence of 
reduced renal function in elderly patients,13,14 
but recognition of this condition is limited by 
the measurement of serum creatinine, which is 
an insensitive surrogate marker for glomerular 
filtration rate (GFR; Figure 1).15 Renal func-
tion is only one factor that contributes to serum 
creatinine concentrations; other factors are 
creatinine production in muscles and secretion 
by renal tubules. To account for the effects of age, 
sex and ethnic origin on the correlation between 
serum creatinine and GFR, the National Kidney 
Foundation16 recommends the use of formulas 
based on serum creatinine levels to estimate 
GFR. The most commonly used formulas are 
the ���������…��	
� ��	��
�� 17 and the 
������������ �� ���� �� ����� ������� 
(����) ��	��
�� , which was derived from 
a study done in a middle-aged population 
with elevated serum creatinine levels.18 While 
neither equation has been validated in elderly 
people with a broad range of serum creatinine 
values, the MDRD equation appears to be the 
more consistent of the two,19 and might reflect 
the measured GFR more accurately than the 
Cockcroft–Gault equation in elderly men.20 
Both these equations tend to underestimate GFR 
in older women and in patients with normal or 
near-normal renal function.20–22 Performance 
of the MDRD equation is also improved by cali-
bration of the serum creatinine assay with that 
used in the MDRD study, although this practice 
has been more widely adopted for epi demiologic 
research than for clinical practice.23,24 
Prescribers should be aware of the limitations 
of GFR estimations based on serum creatinine 

levels and should continue to monitor elderly 
patients for the toxic effects and the therapeutic 
efficacy of medications that are cleared renally, 
regardless of the estimated GFR. Nonetheless, 
serum-creatinine-based estimates of GFR are 
more useful in clinical practice than expensive 
and cumbersome methods of measuring GFR 
directly, such as radionuclide studies and 24 h 
urine creatinine clearance, and will remain the 
standard of care until promising alternative 
tests, such as measurement of cystatin C, have 
been validated.

CHRONIC KIDNEY DISEASE IN ELDERLY 
PATIENTS
The National Kidney Foundation  classifies 
all patients who have a GFR lower than 
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Figure 1 Estimated distribution of calibrated serum creatinine levels in the 
non-institutionalized US population, taken from the National Health and 
Nutrition Examination Survey III, 1988–1994. (A) Rates in men. (B) Rates in 
women. The proportion of individuals at each serum creatinine level classified 
as having a glomerular filtration rate in the range indicated is calculated 
according to the simplified modification of diet in renal disease equation 
and denoted within each bar. Uncalibrated serum creatinine levels can be 
calculated by adding 20.3  � M (0.23 mg/dl). To convert values in the figure to the 
SI unit (� M), multiply by 88.4. Reprinted with permission from reference 13 
© 2003 National Kidney Foundation.

GLOSSARY
COCKCROFT–GAULT 
EQUATION
An equation involving serum 
creatinine values, age, sex, 
and weight in kilograms 
to estimate creatinine 
clearance or glomerular 
filtration rate

MODIFICATION OF DIET 
IN RENAL DISEASE 
(MDRD) EQUATION
A prediction equation 
that estimates glomerular 
filtration rates from factors 
including serum creatinine 
values, age, sex and weight 
in kilograms.
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60 ml/ min/ 1.73 m2 as having chronic kidney 
disease. Proteinuria is another marker of 
chronic kidney disease even in the setting of a 
normal GFR. Patients with significant glomer-
ular disease might have detectable protein on 
routine urinalysis, but this technique is insen-
sitive to microalbuminuria. In the absence of 
detectable protein on urinalysis, the National 
Kidney Foundation16 recommends the calcula-
tion of a random urine albumin-to-creatinine 
ratio to estimate urinary albumin excretion in 
stable patients with a reduced GFR or with risk 
factors for chronic kidney disease. The persis-
tence of albuminuria on two separate occa-
sions identifies patients with chronic kidney 
disease. These patients are at increased risk 
of nephrotoxic effects even in the setting of 
normal GFR.

Epidemiologic data suggest that the majority 
of elderly US adults have at least a mild reduc-
tion in GFR (<90 ml/min/1.73 m2), and that 
nearly one-quarter of those older than 70 years 
have a GFR lower than 60 ml/min/1.73 m2.13,14 
Given the high prevalence of diabetes and 
hypertension among elderly patients with 
cardiovascular disease and the association of 
these diseases with impaired renal function, 
the prevalence of reduced GFR and chronic 
kidney disease in these patients is probably 
much greater than 25%. We recommend that 
assessment of all elderly patients with cardio-
vascular disease should include an estimate of 
GFR from serum creatinine levels and calcula-
tion of the urine albumin to creatinine ratio to 
screen for the presence of comorbid chronic 
kidney disease or reduced GFR. Identification 
of patients with chronic kidney disease will 
allow for appropriate choice of medication 
and dose adjustment, minimization of nephro-
toxic agents, and aggressive management 
of risk factors for progression of renal and 
 cardiovascular disease. 

DOSE ADJUSTMENT OF COMMONLY USED 
CARDIAC MEDICATIONS
Many commonly used cardiac medications 
require dose adjustment in the setting of 
reduced renal function, and several are included 
on the ����� ���� ,25 which is a consensus list 
of  medications with toxic effects, decreased effi-
cacy or decreased renal and hepatic clearance 
in elderly patients. Common cardiac medica-
tions requiring special consideration in elderly 
patients are summarized in Table 1. 

Antihypertensive agents
The current guidelines of the Joint National 
Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure (JNC-7)26 
encourage the aggressive treatment of hyper-
tension in elderly patients and suggest that two 
or more agents might be required for adequate 
treatment. The National Kidney Foundation 
guidelines for the treatment of hypertension 
in patients with chronic kidney disease also 
emphasize the importance of aggressive blood 
pressure control and the need for combination 
therapy.16 Both the JNC-7 and National Kidney 
Foundation guidelines promote careful consider-
ation of drug–drug interactions and specific side-
effect profiles when choosing an antihypertensive 
regimen for elderly patients with reduced renal 
clearance, and these are highlighted below. 

Angiotensin-converting-enzyme inhibitors and 
angiotensin-receptor blockers 
In elderly patients with congestive heart failure, 
diabetes or chronic kidney disease, angiotensin-
converting-enzyme (ACE) inhibitors and angio-
tensin-receptor blockers (ARBs) are considered 
first-line therapy for hypertension.26 These 
agents are safe in patients with chronic kidney 
disease and reduced renal function,27–29 but 
should be initiated at low doses and titrated 
upwards slowly with close monitoring of renal 
function and serum potassium. Most of the 
commonly used ACE inhibitors are metabo-
lized and cleared by both the liver and kidneys, 
whereas most ARBs are primarily metabolized 
and cleared by the liver. To prevent hyperkalemia, 
potassium-sparing diuretics, potassium supple-
ments and non-steroidal anti-inflammatory 
drugs should be used with caution in patients 
with reduced renal function who are treated with 
ACE inhibitors or ARBs.30 

Blockade of the renin–angiotensin system 
causes dilatation of the afferent arteriole 
supplying blood to the glomerulus, leading to a 
reduction in pressure within the glomerulus and 
thus lowering the GFR. An initial rise in serum 
creatinine is associated with clinical response to 
treatment with ACE inhibitors or ARBs, and an 
increase in serum creatinine by as much as 30% 
should be acceptable in the first 2 months of 
therapy in closely monitored patients.31 Long-
term benefits might also be seen in patients 
with more pronounced increases in serum 
creatinine during ACE inhibitor therapy,32 
and close  collaboration between cardiologists 

GLOSSARY
BEERS LIST
A consensus list of 
medications for which risk 
of toxic effects is raised 
and efficacy or clearance 
is decreased in elderly 
patients
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function, particularly in those taking ACE 
inhibitors or ARBs for congestive heart failure.33 
Loop diuretics have been conventionally consid-
ered more potent in the presence of reduced 
renal function, but evidence now suggests 
that thiazide diuretics are as effective as loop 
diuretics at causing natriuresis and diuresis in 
patients with decreased GFR.34 Both classes of 
diuretics can induce hyponatremia in suscep-
tible elderly patients. Many medications require 
a reduction in dose with decreasing renal func-
tion, but diuretics often require a dose increase 
to achieve adequate levels at the site of action in 
the renal tubules. 

Intravenous therapy for hypertensive emergency
While hypertensive emergency is uncommon 
in the elderly and should prompt an investiga-
tion into secondary causes, several important 
therapeutic issues should be taken into account 
for these high-risk patients. Most importantly, 
nitroprusside should be avoided in elderly 
patients with reduced renal or hepatic function 
because of the potential for accumulation of 
the toxic metabolites, thiocyanate and cyanide. 
Labetalol and fenoldopam mesylate are reason-
able alternatives in patients who require intra-
venous therapy.35,36 Fenoldopam mesylate has 
been widely adopted in the US as the preferred 
agent in patients with decreased renal function 
or in those at increased risk of acute renal failure, 
although well-designed prospective studies to 
further test efficacy and safety are needed. 

Anticoagulation
Use of anticoagulation might be required in 
elderly patients with acute coronary syndromes, 
atrial fibrillation, valve replacement or 
thrombo embolic disease. To minimize the risk 
of hemorrhagic complications, the choice of 
anticoagulant therapy should incorporate an 
assessment of renal function, particularly in 
the elderly. For a detailed discussion of acute 
anticoagulation in patients with reduced renal 
function, readers are referred to a compre-
hensive review by Reddan et al.37 The major 
issues according to the different anticoagulant 
 therapies are listed below. 

Heparin and direct thrombin inhibitors
In the light of limited pharmacokinetic 
data and numerous reports of hemorrhagic 
 complications, low-molecular-weight heparins 
should be avoided in patients with significantly 

reduced renal function until further pharmaco-
kinetic data are available.37–40 Use of fraction-
ated and unfractionated heparin could cause 
hyperkalemia by suppression of aldo sterone 
production, particularly in the presence of 
reduced renal function.41 Direct thrombin 
inhibitors might be an appropriate alternative 
in such elderly patients, but further studies are 
necessary before specific recommendations can 
be made for their use. 

Warfarin
In elderly patients with atrial fibrillation or 
other indications for chronic anticoagulation, 
the risk of hemorrhage is often incorrectly 

perceived to outweigh the benefits of long-term 
oral anticoagulant therapy. Although the use of 
warfarin in elderly patients with atrial fibrilla-
tion is increasing, oral anticoagulant therapy 
remains underused.42 To be safe, warfarin use 
requires special consideration of drug–drug inter-
actions in elderly patients on multiple medica-
tions, but does not require dose adjustment for 
renal function. Dosing algorithms recommend 
the initiation of warfarin at lower doses in the 
elderly.43,44

Antiplatelet agents
Commonly prescribed oral antiplatelet agents 
used in the management of coronary artery and 
cerebrovascular disease do not require specific 
dose adjustment for renal function. All anti-
platelet therapies have a degree of bleeding risk 
associated with them, and this feature should 
be closely monitored in elderly patients with 
severe renal impairment and resultant platelet 
dys function.45 The findings from a randomized 
trial have demonstrated, however, that long-term, 
low-dose aspirin can be used safely in patients 
with chronic kidney disease. No increase was 
seen in the frequency of major bleeding episodes 
in patients treated with low-dose aspirin, and no 
significant decline in renal function was reported 
despite theoretical concerns.46 

In the setting of acute coronary syndromes 
or percutaneous coronary intervention, 
moderate or severe renal dysfunction might 
influence the choice of intravenous glyco-
protein IIb/IIIa inhibitor. Despite their docu-
mented efficacy in patients with reduced renal 
function, both eptifibatide and tirofiban are 
renally excreted and have been associated 
with increased bleeding in patients with renal 
 insufficiency.47,48 Abciximab is  eliminated by 
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KEY POINTS
# Renal function declines with age in healthy 
individuals, but the risk of chronic kidney disease 
is raised in elderly patients with cardiovascular 
disease 

# Proven therapies for prevention and treatment 
of cardiovascular disease are often underused 
in older patients because of physicians’ limited 
understanding of adverse and therapeutic effects

# Estimates of glomerular filtration rate based 
on serum creatinine levels and a urine albumin-to-
creatinine ratio should be calculated to screen for 
chronic kidney disease or reduced renal function

# Cardiologists and nephrologists should 
collaborate closely to assess risks and ensure 
elderly patients receive the most appropriate 
therapies
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