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Abstract
Low dose aspirin is commonly used by elderly people for the prevention of thrombosis. These individuals are more prone to
non-steroidal anti-inflammatory drug and aspirin-related adverse reactions, including renal side effects. The effects of the
current low dose aspirin regimens (75–325 mg/day) in this regard were previously studied in two cohorts of elderly patients. It
is found that these doses of aspirin were capable of inducing a significant decrease in both creatinine and uric acid excretion
within 1–2 weeks. One week after the drug was withdrawn, uric acid excretion returned to normal while creatinine clearance
remained low. The consistency of these findings and their potential significance and the mechanisms underlying these effects
warrant further research. Hence based on above findings the present study was planned for Evaluation of Different Low Dose
of Aspirin Therapy on Renal Function in Elderly Patients.
The present study was planned in Department of General Medicine, Jawaharlal Nehru Medical College Bhagalpur, Bihar,
India. Total 30 patients of both sexes were evaluated in the present study. The patients were divided in two study groups as
Group A and Group B. The 15 cases in Group A patients received the received 100 mg/day Aspirin for 4 weeks and in 15
cases in Group B patients received the 300 mg/day Aspirin for 4 weeks. The data from the both the study group patients were
analysed and evaluated.
The data generated from the present study concludes that 300 mg/day aspirin was found to induce a considerably higher
changes in renal function and secretion of uric than 100 mg/day. The dosage of 100 mg/day aspirin can be used with more
safety during the treatment.
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Introduction
Renal function is an indication of the kidney's condition and
its role in renal physiology. Glomerular filtration rate (GFR)
describes the flow rate of filtered fluid through the kidney.
Creatinine clearance rate (CCr or CrCl) is the volume of
blood plasma that is cleared of creatinine per unit time and
is a useful measure for approximating the GFR. Creatinine
clearance exceeds GFR due to creatinine secretion [1], which
can be blocked by cimetidine. Both GFR and CCr may be
accurately calculated by comparative measurements of
substances in the blood and urine or estimated by formulas
using just a blood test result (eGFR and eCCr) The results of
these tests are used to assess the excretory function of the
kidneys. Staging of chronic kidney disease is based on
categories of GFR as well as albuminuria and cause of
kidney disease [2]. Dosage of drugs that are excreted
primarily via urine may need to be modified based on either
GFR or creatinine clearance.
Most physicians use plasma concentrations of waste
substances such as creatinine and urea (U), as well as
various electrolytes (E), to determine renal function. These
measures are normally adequate to determine if a patient is
suffering from kidney disease.
However, blood urea nitrogen (BUN) and creatinine in the
plasma will not exceed normal ranges until 60% of total
kidney function is lost. Hence, a more accurate glomerular
filtration rate or its approximation using creatinine clearance
is measured whenever renal disease is suspected or careful

dosing of nephrotoxic drugs is required.
Elevated protein levels in urine mark some kidney diseases.
The most sensitive marker of proteinuria is elevated urine
albumin. Persistent presence of more than 30 mg albumin
per gram creatinine in the urine is diagnostic of chronic
kidney disease (microalbuminuria is a level of 30 mg/L to
299 mg/L urine or 30–299 mg/24 h; a concentration of
albumin in the urine that is not detected by usual urine
dipstick methods).
Glomerular filtration rate (GFR) is the volume of fluid
filtered from the renal (kidney) glomerular capillaries into
the Bowman's capsule per unit time [3]. Central to the
physiologic maintenance of GFR is the differential basal
tone of the afferent and efferent arterioles (see diagram). In
other words, the filtration rate is dependent on the difference
between the higher blood pressure created by
vasoconstriction of the input or afferent arteriole versus the
lower blood pressure created by lesser vasoconstriction of
the output or efferent arteriole.
GFR is equal to the Clearance Rate when any solute is
freely filtered and is neither reabsorbed nor secreted by the
kidneys. The rate therefore measured is the quantity of the
substance in the urine that originated from a calculable
volume of blood. Relating this principle to the below
equation – for the substance used, the product of urine
concentration and urine flow equals the mass of substance
excreted during the time that urine has been collected. This
mass equals the mass filtered at the glomerulus as nothing is
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added or removed in the nephron. Dividing this mass by the
plasma concentration gives the volume of plasma which the
mass must have originally come from, and thus the volume
of plasma fluid that has entered Bowman's capsule within
the aforementioned period of time. The GFR is typically
recorded in units of volume per time, e.g., milliliters per
minute (mL/min). Compare to filtration fraction.
In clinical practice, however, creatinine clearance or
estimates of creatinine clearance based on the serum
creatinine level are used to measure GFR. Creatinine is
produced naturally by the body (creatinine is a breakdown
product of creatine phosphate, which is found in muscle). It
is freely filtered by the glomerulus, but also actively
secreted by the peritubular capillaries in very small amounts
such that creatinine clearance overestimates actual GFR by
10% to 20%. This margin of error is acceptable, considering
the ease with which creatinine clearance is measured.
Unlike precise GFR measurements involving constant
infusions of inulin, creatinine is already at a steady-state
concentration in the blood, and so measuring creatinine
clearance is much less cumbersome. However, creatinine
estimates of GFR have their limitations. All of the
estimating equations depend on a prediction of the 24-hour
creatinine excretion rate, which is a function of muscle mass
which is quite variable. One of the equations, the Cockcroft
and Gault equation does not correct for race. With a higher
muscle mass, serum creatinine will be higher for any given
rate of clearance.
A common mistake made when just looking at serum
creatinine is the failure to account for muscle mass. Hence,
an older woman with a serum creatinine of 1.4 mg/dL may
actually have a moderately severe chronic kidney disease,
whereas a young muscular male can have a normal level of
renal function at this serum creatinine level. Creatininebased equations should be used with caution in cachectic
patients and patients with cirrhosis. They often have very
low muscle mass and a much lower creatinine excretion rate
than predicted by the equations below, such that a cirrhotic
patient with a serum creatinine of 0.9 mg/dL may have a
moderately severe degree of chronic kidney disease.
One method of determining GFR from creatinine is to
collect urine (usually for 24 h) to determine the amount of
creatinine that was removed from the blood over a given
time interval. If one removes 1440 mg in 24 h, this is
equivalent to removing 1 mg/min. If the blood concentration
is 0.01 mg/mL (1 mg/dL), then one can say that 100 mL/min
of blood is being "cleared" of creatinine, since, to get 1 mg
of creatinine, 100 mL of blood containing 0.01 mg/mL
would need to have been cleared.
Twenty-four-hour urine collection to assess creatinine
clearance is no longer widely performed, due to difficulty in
assuring complete specimen collection. To assess the
adequacy of a complete collection, one always calculates the
amount of creatinine excreted over a 24-hour period. This
amount varies with muscle mass, and is higher in young
people/old, and in men/women. An unexpectedly low or
high 24-hour creatinine excretion rate voids the test.
Nevertheless, in cases where estimates of creatinine
clearance from serum creatinine are unreliable, creatinine
clearance remains a useful test. These cases include
"estimation of GFR in individuals with variation in dietary
intake (vegetarian diet, creatine supplements) or muscle
mass (amputation, malnutrition, muscle wasting), since
these factors are not specifically taken into account in
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prediction equations [4].
A decreased renal function can be caused by many types of
kidney disease. Upon presentation of decreased renal
function, it is recommended to perform a history and
physical examination, as well as performing a renal
ultrasound and a urinalysis.[citation needed] The most
relevant items in the history are medications, edema, .
Proteinuria and/or urinary sediment usually indicates the
presence of glomerular disease. Hematuria may be caused
by glomerular disease or by a disease along the urinary tract.
The most relevant assessments in a renal ultrasound are
renal sizes, echogenicity and any signs of hydronephrosis.
Renal enlargement usually indicates diabetic nephropathy,
focal segmental glomerular sclerosis or myeloma. Renal
atrophy suggests longstanding chronic renal disease.
Acetylsalicylic acid is a weak acid, and very little of it is
ionized in the stomach after oral administration.
Acetylsalicylic acid is quickly absorbed through the cell
membrane in the acidic conditions of the stomach. The
increased pH and larger surface area of the small intestine
causes aspirin to be absorbed more slowly there, as more of
it is ionized. Owing to the formation of concretions, aspirin
is absorbed much more slowly during overdose, and plasma
concentrations can continue to rise for up to 24 hours after
ingestion [5].
Aspirin, also known as acetylsalicylic acid (ASA), is a
medication used to reduce pain, fever, or inflammation.
Specific inflammatory conditions which aspirin is used to
treat include Kawasaki disease, pericarditis, and rheumatic
fever. Aspirin given shortly after a heart attack decreases the
risk of death. Aspirin is also used long-term to help prevent
further heart attacks, ischaemic strokes, and blood clots in
people at high risk. It may also decrease the risk of certain
types of cancer, particularly colorectal cancer. For pain or
fever, effects typically begin within 30 minutes. Aspirin is a
nonsteroidal anti-inflammatory drug (NSAID) and works
similarly to other NSAIDs but also suppresses the normal
functioning of platelets.
About 50–80% of salicylate in the blood is bound to
albumin protein, while the rest remains in the active, ionized
state; protein binding is concentration-dependent. Saturation
of binding sites leads to more free salicylate and increased
toxicity. The volume of distribution is 0.1–0.2 L/kg.
Acidosis increases the volume of distribution because of
enhancement of tissue penetration of salicylates [6].
As much as 80% of therapeutic doses of salicylic acid is
metabolized in the liver. Conjugation with glycine forms
salicyluric acid, and with glucuronic acid to form two
different glucuronide esters. The conjugate with the acetyl
group intact is referred to as the acyl glucuronide; the
deacetylated conjugate is the phenolic glucuronide. These
metabolic pathways have only a limited capacity. Small
amounts of salicylic acid are also hydroxylated to gentisic
acid. With large salicylate doses, the kinetics switch from
first-order to zero-order, as metabolic pathways become
saturated and renal excretion becomes increasingly
important [6].
Salicylates are excreted mainly by the kidneys as salicyluric
acid (75%), free salicylic acid (10%), salicylic phenol
(10%), and acyl glucuronides (5%), gentisic acid (< 1%),
and 2,3-dihydroxybenzoic acid.[160] When small doses
(less than 250 mg in an adult) are ingested, all pathways
proceed by first-order kinetics, with an elimination half-life
of about 2.0 h to 4.5 h.[161][162] When higher doses of
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salicylate are ingested (more than 4 g), the half-life becomes
much longer (15 h to 30 h), because the biotransformation
pathways concerned with the formation of salicyluric acid
and salicyl phenolic glucuronide become saturated. Renal
excretion of salicylic acid becomes increasingly important
as the metabolic pathways become saturated, because it is
extremely sensitive to changes in urinary pH. A 10- to 20fold increase in renal clearance occurs when urine pH is
increased from 5 to 8. The use of urinary alkalinization
exploits this particular aspect of salicylate elimination. It
was found that short-term aspirin use in therapeutic doses
might precipitate reversible acute kidney injury when the
patient was ill with glomerulonephritis or cirrhosis.[166]
Aspirin for some patients with chronic kidney disease and
some children with congestive heart failure was
contraindicated [7].
Low dose aspirin is commonly used by elderly people for
the prevention of thrombosis [8]. These individuals are more
prone to non-steroidal anti-inflammatory drug and aspirinrelated adverse reactions, including renal side effects [9]. The
effects of the current low dose aspirin regimens (75–325
mg/day) in this regard were previously studied in two
cohorts of elderly patients [10]. It is found that these doses of
aspirin were capable of inducing a significant decrease in
both creatinine and uric acid excretion within 1–2 weeks.
One week after the drug was withdrawn, uric acid excretion
returned to normal while creatinine clearance remained low.
The consistency of these findings and their potential
significance and the mechanisms underlying these effects
warrant further research.
Hence based on above findings the present study was
planned for Evaluation of Different Low Dose of Aspirin
Therapy on Renal Function in Elderly Patients.

patients received the received 100 mg/day Aspirin for 4
weeks and in 15 cases in Group B patients received the 300
mg/day Aspirin for 4 weeks. The data from the both the
study group patients were analysed and evaluated.
All the patients were informed consents. The aim and the
objective of the present study were conveyed to them.
Approval of the institutional ethical committee was taken
prior to conduct of this study.
Following was the inclusion and exclusion criteria for the
present study.
Inclusion criteria: Patients on low dose aspirin.
Exclusion criteria: Patients with a history of active peptic
ulcer, gastrointestinal bleeding, chronic liver diseases,
hyperuricemia, serum creatinine > 1.5 mg/dL (132.6
μmol/L), a significant history of alcohol consumption, or
recent use of anticoagulants, aspirin, or non-steroidal antiinflammatory drugs.
Results & Discussion
Aspirin has been shown to be effective in reducing
cardiovascular morbidity and mortality in high-risk patients
who have experienced myocardial infarction (MI) or stroke
[11]
and is recommended as a secondary prevention strategy
for individuals with multiple risk factors such as
hypertension, dyslipidemia, obesity, diabetes, and a family
history of ischemic heart disease [12, 13]. The American
Diabetes Association and the American Heart Association
recommend low-dose aspirin (75–162 mg) for adults with
diabetes who have no previous history of vascular disease, a
10-year risk of CVD events that is greater than 10%, and no
increased risk of bleeding [12].
Table 1: Demographic data
Group
No. of Patients
Dose of Administered Aspirin
Age in years
Males
Females

Methodology
The present study was planned in Department of General
Medicine, Jawaharlal Nehru Medical College Bhagalpur,
Bihar, India. Total 30 patients of both sexes were evaluated
in the present study. The patients were divided in two study
groups as Group A and Group B. The 15 cases in Group A

Group I
Group II
15
15
100 mg/day 300 mg/day
34 – 58
33 - 63
10
12
5
3

Table 2
Group
Dose of Administered Aspirin
Parameters
Serum Uric Acid (mg/dl)
Fractional Excretion of Uric Acid (mg/dl
Uric Acid Clearance (ml/min)
Serum Creatinine (mg/dl)
Urine Creatinne (mg/dl)
CrCl (ml/min)
Serum Urea (mg/dl)
Urine Urea (mg/dl)

Group I
100 mg/day
Baseline
After 4 weeks
5.63 ± 1.29
4.81 ± 1.21
44.7 ± 11.4
34.7 ± 8.79
8.59 ± 0.64
7.37 ± 0.86
1.38 ± 0.19
1.17 ± 0.14
121.5 ± 24.5
129.6 ± 21.8
112.6 ± 14.8
103.7 ± 14.8
27.3 ± 8.8
34.8 ± 5.2
1861.8 ± 289.3 1807.9 ± 246.8

Low dose aspirin is increasingly being used as an
antiplatelet to prevent thrombosis and other fatal
cardiovascular outcomes in at-risk patients [14]. Elderly
patients not only form the majority of these at-risk patients,
but they also readily succumb to the deleterious effects of
aspirin on renal function [15].
Various studies assessing the elderly among Caucasian
populations have shown that 1–2 weeks of low dose aspirin
use (75 mg–325 mg/day) caused significant decreases in
both creatinine clearance (CrCl) and uric acid clearance, as

Group II
300 mg/day
Baseline
After 4 weeks
5.75 ± 1.35
5.36 ± 0.89
46.7 ± 8.96
27.6 ± 6.78
8.87 ± 0.79
6.78 ± 1.26
0.88 ± 0.21
1.34 ± 0.13
112.8 ± 13.6
93.4 ± 12.8
117.4 ± 10.9
96.3 ± 11.8
27.6 ± 5.2
33.8 ± 4.9
1859.6 ± 271.5 1608.3 ± 278.3

well as elevations in serum creatinine and uric acid.6–8
These parameters improved upon withdrawal of the drug,
but the decline in the glomerular filtration rate persisted 3
weeks posttreatment [16]. Thus, long-term aspirin
administration may have clinically important deleterious
effects on renal function [17].
Low-dose aspirin therapy has previously been
recommended by several key guidelines for primary
prevention of CV events in patients with diabetes, although
with some inconsistencies [18]. In 2010, the ADA, the
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American Heart Association, and the American College of
Cardiology Foundation convened a group of experts to
create updated recommendations for the primary prevention
strategy of low-dose aspirin use in patients with diabetes [19].
They performed a new meta-analysis that included two
recent randomized controlled trials of aspirin, the Japanese
Primary Prevention of Atherosclerosis with Aspirin for
Diabetes (JPAD) trial [20], and the Prevention of Progression
of Arterial Diseases and Diabetes (POPADAD) trial [21].
Both trials enrolled only patients with diabetes and neither
showed any significant effect of aspirin to prevent
atherosclerotic event.
Very
low
dose
aspirin
could
affect
renal
thromboxane/prostacycline equilibrium in situations of
impaired basal renal function, by preferentially reducing
thromboxane and improving glomerular circulation [22].
Supporting this hypothesis is a study on rats following
subtotal nephrectomy, where inhibit tion of thromboxane
synthesis decreased the progression of renal impairment [23],
as well as a study that showed better renal allograft survival
in patients treated with low dose aspirin. [24]. Two recent
studies on the effects of low dose aspirin in patients with
renal disease [25] and diabetic nephropathy [26] found no
significant deleterious effects induced by aspirin.
In hypertension, the blood pressure lowering effect of
ACE‐inhibitors seems to be blunted by aspirin in a
dose‐dependent manner. The effects of aspirin 100 mg and
300 mg were studied in hypertensive patients treated with
ACE‐inhibitors. No interaction was noted with 100 mg
aspirin, but a significant interaction was observed with 300
mg aspirin [27].
Whether the renal effects of low‐dose aspirin in patients
with heart failure treated with ACE‐inhibitor are
dose‐dependent, has not been studied previously. High dose
aspirin, 500 mg t.i.d., administered to patients with heart
failure has been shown to reduce renal sodium excretion [28].
Conclusion
The data generated from the present study concludes that
300 mg/day aspirin was found to induce a considerably
higher changes in renal function and secretion of uric than
100 mg/day. The dosage of 100 mg/day aspirin can be used
with more safety during the treatment.
References
1. Ganong. "Renal Function & Micturition". Review of
Medical Physiology, 25th ed. McGraw-Hill Education,
2016, p. 677. ISBN 978-0-07-184897-8.
2. Stevens Paul E, Levin Adeera. "Evaluation and
management of chronic kidney disease: synopsis of the
kidney disease: improving global outcomes 2012
clinical practice guideline". Annals of Internal
Medicine. 2013; 158(11):825-830. doi:10.7326/00034819-158-11-201306040-00007. ISSN 1539-3704.
PMID 23732715.
3. Nosek Thomas M. Essentials of Human Physiology.
Section 7/7ch04/7ch04p11 – "Glomerular Filtration
Rate".
4. KDOQI CKD Guidelines". Archived from the original
on 2012-10-03. Retrieved 2010-08-25.
5. Ferguson RK, Boutros AR. "Death following selfpoisoning with aspirin". JAMA. 1970; 213(7):1186-8.
doi:10.1001/jama.213.7.1186. PMID 5468267.
6. Levy G, Tsuchiya T. "Salicylate accumulation kinetics

http://www.medicalsciencejournal.com

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

in man". The New England Journal of Medicine. 1972;
287(9):430-2.
doi:10.1056/NEJM197208312870903.
PMID 5044917.
D'Agati V. "Does aspirin cause acute or chronic renal
failure in experimental animals and in humans?". Am J
Kidney Dis. 1996; 28:S24-9. doi:10.1016/s02726386(96)90565-x. PMID 8669425.
Gurwitz JH, Gore JM, Goldberg RJ, Rubison M,
Chandra N, Rogers WJ, et al. Recent age-related trends
in the use of thrombolytic therapy in patients who have
had acute myocardial infarction. Ann Intern Med. 1996;
124:283-91.
Gurwitz JH, Avorn J, Ross-Degnan D, Lipsitz LA.
Nonsteroidal
anti-inflammatory
drug-associated
azotemia in the very old. JAMA. 1990; 264:471-5.
Segal R, Lubart E, Leibovitz A, et al. Early and late
renal effects of mini-aspirin in elderly patients. Am J
Med. 2004; 115:462-6.
Baigent C, Blackwell L, Collins R, Emberson J,
Godwin J, et al. Aspirin in the primary and secondary
prevention of vascular disease: collaborative metaanalysis of individual participant data from randomised
trials. Lancet. 2009; 373:1849-1860.
Pignone M, Alberts MJ, Colwell JA, Cushman M,
Inzucchi SE, et al. Aspirin for primary prevention of
cardiovascular events in people with diabetes: a
position statement of the American Diabetes
Association, a scientific statement of the American
Heart Association, and an expert consensus document
of the American College of Cardiology Foundation.
Circulation. 2010; 121:2694-2701.
U.S. Preventive Services Task Force Aspirin for the
prevention of cardiovascular disease: U.S. Preventive
Services Task Force recommendation statement. Ann
Intern Med. 2009; 150:396-404.
Ancheta JI, Reding MJ. Stroke diagnosis and
management: a multidisciplinary effort. In: Hazzard
WR, Blass JP, Ettinger WH Jr, Halter JB, Ouslander
JG, editors. Principles of Geriatric Medicine and
Gerontology. 4th ed. New York: McGraw-Hill, 1999, p.
124.
Silagy CA, McNeil JJ, Donnan GA, Tonkin AM,
Worsam B, Campion K, et al. Adverse effects of lowdose aspirin in a healthy elderly population. Clin
Pharmacol Ther. 1993; 54(1):84-89.
Caspi D, Lubart E, Graff E, Habot B, Yaron M, Segal
R. The effect of mini-dose aspirin on renal function and
uric acid handling in elderly patients. Arthritis Rheum.
2000; 43(1):103-108.
Segal R, Lubart E, Leibovitz A, Iaina A, Caspi D.
Renal effects of low dose aspirin in elderly patients. Isr
Med Assoc J. 2006; 8(10):679-682.
American Diabetes Association. Standards of medical
care in diabetes—2009. Diabetes Care. 2009; 32(Suppl.
1):S13-S61. pmid:1911828
Pignone M, Alberts MJ, Colwell JA, et al., American
Diabetes Association, American Heart Association,
American College of Cardiology Foundation. Aspirin
for primary prevention of cardiovascular events in
people with diabetes: a position statement of the
American Diabetes Association, a scientific statement
of the American Heart Association, and an expert
consensus document of the American College of
Cardiology Foundation. Diabetes Care. 2010; 33:1395140

International Journal of Medical and Health Research

http://www.medicalsciencejournal.com

1402. pmid:20508233
20. Ogawa H, Nakayama M, Morimoto T, et al., Japanese
Primary Prevention of Atherosclerosis with Aspirin for
Diabetes (JPAD) Trial Investigators. Low-dose aspirin
for primary prevention of atherosclerotic events in
patients with type 2 diabetes: a randomized controlled
trial. JAMA. 2008; 300:2134-2141. pmid:18997198
21. Belch J, MacCuish A, Campbell I, et al.; Prevention of
Progression of Arterial Disease and Diabetes Study
Group, Diabetes Registry Group, Royal College of
Physicians Edinburgh. The prevention of progression of
arterial disease and diabetes (POPADAD) trial:
factorial randomised placebo-controlled trial of aspirin
and antioxidants in patients with diabetes and
asymptomatic peripheral arteial diseases. Br Med J.
2008; 337:a1840
22. Pederson AK, Fitzgerald GA. Dose related kinetics of
aspirin.
Presystemic
acetylation
of
platelet
cyclooxygenase. N Engl J Med. 1984; 311:1206-11.
23. Purkenson ML, Joist JH, Yates J, Valdes A, Morrison
A, Klahr S, et al. Inhibition of thromboxane synthesis
ameliorates the progressive kidney disease of rats with
subtotal renal ablation. Proc Natl Acad Sci USA. 1985;
82:193-7.
24. Grotz W, Siebig S, Olschewski M, Strey CW, Peter K.
Low-dose aspirin therapy is associated with improved
allograft function and prolonged allograft survival after
kidney
transplantation.
Transplantation.
2004;
77(12):1848-53.
25. Gaede P, Hansen HP, Parving HH, Pedersen O. Impact
of low dose acetylsalicylic acid on kidney function in
type 2 diabetic patients with elevated urinary albumin
excretion rate. Nephrol Dial Transplant. 2003;
18(3):539-42.
26. Baigent C, Landray M, Leaper C, et al. First United
Kingdom heart and renal protection study: biochemical
efficacy and safety of simvastatin and safety of low
dose aspirin in chronic kidney disease. Am J Kidney
Dis. 2005; 45(3):473-84.
27. Guazzi
MD,
Campodonico
J,
Celeste
F.
Antihypertensive efficacy of angiotensin converting
enzyme inhibition and aspirin counteraction Clin
Pharmacol Ther. 1998; 63:79-86
28. Riegger GA, Kahles HW, Elsner D, Kromer EP,
Kochsiek K. Effects of acetylsalicylic acid on renal
function in patients with chronic heart failure Am J
Med. 1991; 90:571-575.

141

