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Are there any proven methods to prevent 
recurrent infections in chronic indwelling 
catheters?

Evidence-Based Answer
Yes. A number of strategies have been used to pre-

vent catheter-associated infections. Of these, avoid-

ing unnecessary catheterization and removing the 

catheter as soon as possible are most effective. 

Appropriate catheter management can also reduce 

the risk of infection. (SOR C, based on consensus 

guideline.)

A case-control study designed to evaluate effective 

means to prevent infection in patients with chronic 

indwelling catheters found that catheter-associated 

urinary infection is the most common source of bac-

teremia among long-term care facility residents. The 

study concluded that residents with a chronic indwell-

ing catheter are more than 30 times more likely to 

have bacteremia than patients without a chronic 

indwelling catheter. The same study found the inci-

dence of febrile urinary infection to be about 10 

times higher among long-term care facility residents 

with indwelling catheters, compared with residents  

without catheters. The incidence of infection in  

catheterized residents was 0.46 to 0.64 per 1,000 

catheterized residents.1

 Data from a meta-analysis of 11 randomized and 

quasirandomized trials suggested patients had few-

er urinary tract infections when their catheter was 

removed earlier (eg, 1 vs 3 days, relative risk=0.50; 

95% confidence interval, 0.29–0.87) with no pattern 

in respect of catheterization.2 Data collection was 

performed independently by 2 of the review authors 

and cross-checked. Where data might have been col-

lected but not reported, clarification was sought 

from the trialists.

 Consensus guidelines of the Centers for Disease 

Control stated that a large number of catheter-associ-

ated urinary tract infections can be avoided by prop-

er management of patients with indwelling catheters. 

The guidelines recommended the following tactics 

be used to help prevent catheter-associated urinary 

tract infections: educating personnel, catheterizing 

only when necessary, emphasizing hand washing, 

inserting the catheter using aseptic techniques and 

sterile equipment, securing the catheter properly, 

maintaining closed sterile drainage, obtaining urine 

samples aseptically, and maintaining unobstructed 

urine flow.3

Michael Downs, MD

L. Jeneen Wood, MD

U of AR AHEC-Southwest

Texarkana, AR

 1.  Nicolle LE. The chronic indwelling catheter and urinary infection in long-term-care facility 

residents. Infect Control Hosp Epidemiol. 2001; 22(5):316–321. [LOE 3b]

 2.  Phipps S, Lim YN, McClinton S, Barry C, Rane A, N’Dow J. Short term urinary cath-

eter policies following urogenital surgery in adults. Cochrane Database Syst Rev. 2006; 

(2):CD004374. [LOE 1a]

 3.  Gould CV, Umscheid CA, Agarwal RK, Kuntz G, Pegues DA, and the Healthcare Infec-

tion Control Practices Advisory Committee. Guideline for Prevention of Catheter-Associated 

Urinary Tract Infections. Atlanta, GA: Centers for Disease Control and Prevention; 2009. 

http://www.cdc.gov/ncidod/dhqp/pdf/guidelines/CAUTI_Guideline2009inal.pdf. Accessed 

December 16, 2009. [LOE 1b]

What are the causes of systolic murmurs  
in young children?

Evidence-Based Answer
Innocent or functional murmurs are the most common, 

present at some point in 50% to 90% of children, typ-

ically between 2 and 7 years of age. (SOR B, based 

on a cohort study.) Systolic murmurs due to systemic 

diseases or infections are the next most common, with 

anemia being the most frequent cause. (SOR C, based 

on a narrative review.) Congenital heart disease is the 

least common cause of a systolic murmur, occurring in 

less than 1% of the general population. (SOR B, based 

on a systematic review of cohort studies.)

Systolic murmurs in infants and young children are 

caused by a variety of conditions, both intrinsic and 

extrinsic to the heart. The vast majority of pediatric 

murmurs are benign, or “functional,” requiring no fur-

ther treatment after diagnosis. Most intrinsic causes are 

congenital, but some are acquired later in life due to 

noncardiac medical conditions.1–3

 Functional systolic murmurs include the parasternal- 

precordial (Still’s murmur), pulmonic, and cardiorespi-

ratory murmurs (TABLE 1).1 These murmurs require 

no further treatment after diagnosis. Systemic diseases 

such as Grave’s disease, fever, anemia, or other meta-

bolic abnormalities may also cause a systolic murmur 

(TABLE 2).3 Congenital heart disease occurs in 6 to 9 of 

every 1,000 live births. It is diagnosed by 1 week of age 

in 40% to 50% of affected infants, and by 1 month in 

50% to 60% of these patients. Murmurs may be due to 
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valvular pathology, septal defects, persistent fetal circu-

lation, or other cardiac abnormalities (papillary muscles 

dysfunction, hypertrophic cardiomyopathy, coarctation 

of the aorta) (TABLE 3).3,4

 Children with innocent murmurs have no symptoms, 

and the murmur will be grade 3/6 or less in volume. System-

ic diseases and infections will have corresponding history 

and symptoms, for example, tachycardia or fever. Worri-

some or “red lag” symptoms of congenital heart disease in 

infants include feeding intolerance, failure to thrive, respira-

tory symptoms, and cyanosis. Worrisome symptoms in older 

children include chest pain with exercise, syncope, exercise 

intolerance, or family history of sudden death.2,3

Meredith A. Goodwin, MD

Nadine Dexter, MLS

José E. Rodríguez, MD

Florida State University

Tallahassee, FL

 1.   Fogel DH. The innocent systolic murmur in children: a clinical study of its inci-

dence and characteristics. Am Heart J. 1960 June; 59:844–855. [LOE 2b]

 2.  Poddar B, Basu S. Approach to a child with a heart murmur. Indian J Pediatr. 

2004; 71(1):63–66. [LOE 5]

 3.  Allen HD, Driscoll DJ, Shaddy RE, Feltes TF, eds. Moss and Adams’ Heart Disease 

in Infants, Children, and Adolescents: Including the Fetus and Young Adults. 7th 

ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2008. [LOE 5]

 4.  Hoffman JI, Kaplan S. The incidence of congenital heart disease. J Am Coll Car-

diol. 2002; 39(12):1890–1900. [LOE 2a]

Systemic or infectious causes of systolic murmurs3

Systemic or infectious causes Typical age at onset Murmur Incidence (/1,000)

Anemia (all types) Any Mid systolic 5–7

Hyperthyroidism Adolescence Late systolic 0.2

Kawasaki’s disease 0–5 y Pansystolic, varies <0.3

Rheumatic valvular heart disease Any Varies <0.01

TABLE 2

Functional systolic murmurs1,2

Innocent/functional    Incidence (as % of all 

systolic murmurs Typical age at onset Location, pitch, timing innocent murmurs heard)

Parasternal-precordial (Still’s) 2–6 y; may ind up to adolescence LLSB, low to medium, early-mid 

Pulmonic 0–6 mo; 8–14 y LUSB, high, early 

Cardiorespiratory Any Apex, high, mid 2%–5%

LLSB=left lower sternal border; LUSB=left upper sternal border.

TABLE 1

95%–98% are 1 of  

these 2 types

Congenital heart disease causes of systolic murmurs4

Congenital lesion Murmur timing Incidence (/1,000)

VSD, RV double outlet, pulmonary atresia, tricuspid atresia Early or holosystolic 0.083–2.8

Atrial septal defect, atrioventricular septal defect Midsystolic 0.34–0.56

Pulmonary stenosis, aortic stenosis, single ventricle Mid or holosystolic 0.085–0.53

Bicuspid aortic valve Holosystolic 9.2

Hypoplastic left heart Holosystolic and diastolic 0.23

Ebstein’s anomaly Systolic and diastolic 0.040

Patent ductus arteriosus Holosystolic or continuous 0.56

Coarctation of aorta, anomalous pulmonary veins Continuous 0.091–0.36

Tetralogy of Fallot, transposition great arteries,  Varies 0.094–0.36 

hypoplastic right heart, truncus arteriosus 

RV=right ventricular; VSD=ventral septal defect.

TABLE 3
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