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The bloodstream infection surveillance system proposed by the Cen­
ters for Disease Control and Prevention (CDC) was prospectively 
conducted in a pediatric hemodialysis unit. Thirty patients were 
included; 73% had a catheter for vascular access at enrollment. Vas­
cular access infection rate was 21.1 per 100 patient-months, well 
above those observed in adult patient surveys. Staphylococcus aureus 
was most frequently isolated (23%). 
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Catheter-related infections are a common problem in all 
hemodialysis centers. Differently from adult population on 
hemodialysis, the majority of the pediatric population starts 
and maintains renal replacement therapy using a catheter for 
vascular access instead of arteriovenous fistulas (AVFs) or 
grafts.1"4 Although a permanent access is preferred, nearly 
70% of the children use central venous catheter mosdy be­
cause of the difficulties in creating AVFs in small patients.1,4 

Catheters are a major risk factor for bacteremia, responsible 
for up to 73% of all infections in hemodialysis patients.5 Few 
published studies have described infection of vascular access 
in children on hemodialysis; these infections are usually 
caused by staphylococcal organisms and are associated with 
higher rates of mortality and antibiotic resistance.2"4 

In 1999, the Centers for Disease Control and Prevention 
(CDC) initiated the Dialysis Surveillance Network, a data-
monitoring system for outpatients undergoing hemodialysis, 
aiming to standardize methods to study infection in this pop­
ulation.6 There are some published papers evaluating this 
system in adult or mixed populations; however, data in chil­
dren are lacking.5"8 

The objective of this study was to conduct a surveillance 
of bloodstream infection and vascular access infection in a 
unit of hemodialysis that comprises only pediatric patients, 
using the system proposed by the CDC. 

M E T H O D S 

A prospective cohort was conducted from October 2006 to 
April 2009 at the pediatric hemodialysis unit of the Uni-
versidade Federal de Sao Paulo, Brazil. Only outpatients who 
received hemodialysis for at least 1 month were studied. Data 
were collected using the CDC Dialysis Surveillance Network 
Program, Atlanta, Georgia.6 Census (denominator) and in­

cident (numerator) forms were used. The denominator was 
provided by a census form of type of vascular access (fistulas, 
grafts, permanent or temporary catheters) for all patients 
dialyzed in the first week of each surveillance month.6 

An incident form was filled in for each overnight hospi­
talization of any cause or initiation of outpatient intravenous 
(IV) antibiotics.6 It recorded the type of vascular access and 
whether it was removed, the presence or absence of criteria 
for infections (clinical evidence for local vascular access in­
fection, wound infection, pneumonia, urinary tract infection, 
or noninfectious causes), whether the antibiotic administered 
was vancomycin or any other, and blood culture results.6 

Definitions. We used the following definitions for hemo-
dialysis-associated infections.6 

• Local access infection: pus, redness, or swelling of the vas­
cular access site and absence of access-related bacteremia. 

• Access-related bacteremia: blood culture positive with 
source the vascular access site or unknown. 

• Vascular access infection: either local access infection or 
access-related bacteremia. 

• Secondary bacteremia: positive blood culture with a 
source designated as a site other than the vascular access. 

• Bloodstream infection: report of a positive blood culture, 
regardless of the source of the infection, including access-
associated bloodstream infections. 

• Infection-related mortality: patient death within 7 days 
of an infection episode. 

Data analysis. The analyzed events were hospitalization, 
in-unit antibiotic starts, in-unit vancomycin starts, vascular 
access infection, local access infection, and access-related bac­
teremia. Rates of events were expressed per 100 patient-
months, calculated by dividing the total number of events by 
the total number of patient-months and multiplying the result 
by 100. Rates expressed in patient-months can be interpreted 
as the average percentage of patients having the event each 
month.6 

All data were collected by the same pediatric infectious 
diseases physician (C.S.). Before enrollment, a consent form 
was signed by parents/guardians of all patients, and the study 
was approved by the ethics committee. 

RESULTS 

During the 31-month period of study, 30 pediatric patients 
received hemodialysis for at least 1 month. Characteristics of 
the study group are shown in Table 1. 

The main reason for catheter removal was mechanical 
problems (70%), followed by vascular access infection (16% 
[12 of 76 patients]), and elective replacement of a temporary 
catheter for a permanent one (10% [8 of 76 patients]). 

During the study period, 33.3% of the patients underwent 
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TABLE i. Characteristics of Pediatric Patients at Study Entry 

Characteristic 

Median age in years (Q1-Q3) 
Median age in years at start of HD (Q1-Q3) 
Male sex 
Median duration of HD in months (Q1-Q3) 
Renal disease 

Glomerular disease 
Urinary tract malformation 
Tubular disease 
Undiagnosed genetic syndrome 
Undetermined 

Vascular access 
Permanent catheter 
Temporary catheter 
Arteriovenous fistula 

Data 

9.8 (5.4-13.3) 
9.2 (4.7-12.9) 

19 (63.0) 
4.9 (0-44) 

12 (40.0) 
8 (26.6) 
6 (20.0) 
2 (6.7) 
2 (6.7) 

14 (46.6) 
8 (26.6) 
8 (26.6) 

NOTE. Data are no. (%) of patients unless otherwise indicated. 
HD, hemodialysis; Q1-Q3, first through third quartile. 

kidney transplantation. The mortality rate was 20% (6 of 30); 
4 of the 6 deceased had infection-related deaths, all of them 
in use of catheters. Dialysis was discontinued in 2 patients 
due to renal function improvement; 1 patient was transferred 
to an adult hemodialysis unit after reaching 18 years of age. 
At the end of the study period, 36.7% (11 of 30) patients 
were still on hemodialysis. 

Only 2 patients were not hospitalized during the period of 
follow-up. The main reasons for hospitalization were vascular 
access complications. 

Event rates. In the study period, 450 patient-months were 
analyzed: 290 patients (64.4%) with permanent catheter, 112 
(24.9%) with fistula, and 48 (10.7%) with temporary catheter. 

The total number of incidents was 181, with 132 hospi­
talizations (73%). Among the 102 outpatient IV antibiotic 
treatments (with or without subsequent hospitalization), van­
comycin was empirically chosen in 66 cases (73.5%), and the 
proportion that had blood culture obtained was 98% (100 of 
102 patients). There was no vascular access infection among 
the patients with fistula. The overall and catheter categorized 
rates are shown in Table 2. 

Vascular access infections with loss of the vascular access 
were observed in 22.1% (22 of 95) of the cases. The rate of 
vascular access infection did not vary significantly during the 
months of the study. 

Among the 93 positive blood cultures, 97 microorganisms 
were reported, all from patients with central lines: 48.4% (47 
of 97) gram-positive bacteria, 49.5% (48 of 97) gram-negative 
bacteria, and only 2 fungi (Candida guilliermondii and Can­
dida parapsilosis). The most frequent one was Staphylococcus 
aureus (34% isolates), of which 21% were resistant to meth-
icillin, followed by 8.5% coagulase-negative Staphylococcus. 
Among the gram-negative bacteria, Acinetobacter species and 
Enterobacter species were the most common. 

D I S C U S S I O N 

The surveillance system proposed by the CDC was easy to 
implement and maintain; the activities required an estimated 
2-hour staff time per month, as suggested by CDC.6 On av­
erage, each month 30% of the patients were hospitalized for 
any cause, 11% received IV antimicrobial in the unit, and 
2 1 % had a vascular access infection. 

Our rate of catheter-associated infection was 10.1 per 1,000 
catheter-days. However, our aim was to test the CDC sur­
veillance system specific for outpatient hemodialysis units, 
using exclusively the pediatric population. 

The use of this surveillance system to detect vascular access 
infections in pediatric dialysis patients has not, to our knowl­
edge, been reported. The rates of hospitalization, initiation 
of IV antibiotics, and vascular access infection registered in 
our study are much higher than those from similar studies 
performed in adult or mixed-age populations, the only avail­
able data for comparison.5"8 These differences are probably 
due to characteristics associated to hemodialysis in childhood. 
In our study, the most common form of vascular access at 
initiation of hemodialysis was a central line access (73.2% of 
patients), similar to data found in other pediatric studies.1 

Catheter-related bacteremia is the major cause of morbidity 
and the second cause of mortality among children on he­
modialysis, but the true incidence of vascular access infection 
in the pediatric population is not known.3,9 Few studies are 
available in the literature, and the contrasting results reported 
are frequently due to the lack of uniformity in diagnosis 
criteria and methods of data collection of catheter-related 
infections.2,3'9'10 

Studies in an adult population using the same surveillance 
system as the one used in this study showed rates of vascular 
access infection from 2 to 3.2 per 100 patient-months, lower 

TABLE 2. Rates of Event Distribution per Vascular Access Type 

Event per vascular access 

Hospitalization 
In-unit antibiotic starts 
In-unit vancomycin starts 
Vascular access infection 
Local access infection 
Access-related bacteremia 

All 

29.3 (132) 
10.8 (49) 
8.0 (36) 

21.1 (95) 
1.1 (5) 

20.0 (90) 

Fistula 

8.0 (9) 
0.9 (1) 

NA 
0.0 (0) 
0.0 (0) 
0.0 (0) 

Grafts 

0.0 (0) 
0.0 (0) 

NA 
0.0 (0) 
0.0 (0) 
0.0 (0) 

Permanent catheter 

8.6 (95) 
14.8 (43) 

NA 
30.0 (87) 

1.7 (5) 
28.3 (82) 

Temporary catheter 

58.3 (28) 
10.4 (5) 

NA 
16.7 (8) 
0.0 (0) 

16.7 (8) 

NOTE. Data are event per 100 patient-months unless otherwise indicated. NA, not available. 
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than our rate, probably because of the higher rates of catheter 
use in the pediatric population.5"8 

These higher rates compared with adults can also be ex­
plained by the more extended duration of the catheter life in 
children. Due to the difficulties of access sites in the pediatric 
population, catheter salvage measures are frequentiy used, 
and it has been reported that the rate of catheter-related 
bacteremia corresponds closely with duration of time and the 
insertion sites of the catheters.10 

Successful use of AVFs in children weighing <20 kg and 
the prevalent use of this type of access in patients from 0 to 
19 years of age (80%-90%) was reported in European coun­
tries.4 That contrasts with the low use of AVFs in children in 
the United States (21%) and in our study (26.6%).' This 
project resulted in a multidisciplinary team that explained to 
the staff of the participating centers the current guidelines, 
surgical approach and use of microsurgery techniques, and 
how to monitor vascular access in children.4 

S. aureus was the most prevalent bacterial agent, isolated 
in 34% of all vascular access infections, similar to 30%-32% 
rates previously reported.5"8 Methicillin-resistant S. aureus 
strains were 21%, lower than the 38%-42% of adult hemo­
dialysis patients' surveillances.6,8 

In summary, by applying the CDC surveillance system in 
pediatric patients, our study showed very different results 
than what is usually noted for adult patients. Although our 
sample size is limited and may not be representative of the 
entire pediatric hemodialysis population, that initiative will 
help identify and monitor local rates of vascular access in­
fection and implement and evaluate strategies for preventing 
these infections, such as to increase the use of fistulas and to 
improve the practices of infection control and catheter care. 
These data could be used to establish a benchmark that would 
be useful to compare data among other pediatric hemodialysis 
units where this system of surveillance is applied. 

ACKNOWLEDGMENTS 

Potential conflicts of interest. All authors report no conflict of interest rel­
evant to this article. All authors submitted the ICMJE Form for Disclosure 
of Potential Conflicts of Interest, and the conflicts that the editors consider 
relevant to this article are disclosed here. 

Affiliations: 1. Division of Pediatric Infectious Diseases, Department of 
Pediatrics, Universidade Federal de Sao Paulo, Sao Paulo-SP, Brazil; 2. Di­
vision of Pediatric Nephrology, Department of Pediatrics, Universidade Fe­
deral de Sao Paulo, Sao Paulo-SP, Brazil. 

Address correspondence to Carolina Sucupira, Rua Apinajes, 1949 apart-
amento 62, 01258-001 Sao Paulo, Brazil (carusucupira@gmail.com). 

Received July 3, 2011; accepted November 24, 2011; electronically pub­
lished March 16, 2012. 
© 2012 by The Society for Healthcare Epidemiology of America. All rights 
reserved. 0899-823X/2012/3305-0014$15.00. DOI: 10.1086/665312 

R E F E R E N C E S 

1. US Renal Data System (USRDS) 2009 Annual data report: Atlas 
of chronic kidney disease and end-stage renal disease in the 
United States, National Institutes of Health, National Institute 
of Diabetes and Digestive and Kidney Diseases, Bethesda, MD. 
http://www.usrds.org/ 

2. Kovalski Y, Cleper R, Krause I, Davidovits M. Hemodialysis in 
children weighing less than 15 kg: a single-center experience. 
Pediatr Nephrol 2007;22:2105-2110. 

3. Goldstein SL, Macierowski CT, Jabs K. Hemodialysis catheter 
survival and complications in children and adolescents. Pediatr 
Nephrol 1997;11:74-77. 

4. Chand DH, Valentini RR International pediatric fistula first ini­
tiative: a call to action. Am ] Kidney Dis 2008;51:1016-1024. 

5. Ponce P, Cruz I, Ferreira A, et al. A prospective study on in­
cidence of bacterial infections in Portuguese dialysis units. Neph­
ron Clin Pract 2007;107:133-138. 

6. Tokars JI, Miller ER, Stein G. New national surveillance system 
for hemodialysis-associated infections: initial results. Am J Infect 
Control 2002;30:288-295. 

7. George A, Tokars JI, Clutterbuck EJ, Bamford KB, Pusey C, 
Holmes AH. Reducing dialysis associated bacteraemia, and rec­
ommendations for surveillance in the United Kingdom: pro­
spective study. BMJ 2006;332:1435-1439. 

8. Klevens RM, Edwards JR, Andrus ML, Peterson KD, Dudeck 
MA, Horan TC; NHSN Participants in Outpatient Dialysis Sur­
veillance. Dialysis surveillance report: National Healthcare Safety 
Network (NHSN)—data summary for 2006. Semin Dial 2008; 
21:24-28. 

9. Shroff R, Wright E, Ledermann S, Hutchinson C, Rees L. 
Chronic hemodialysis in infants and children under 2 years of 
age. Pediatr Nephrol 2003;18:378-383. 

10. Eisenstein I, Tarabeih M, Magen D, et al. Low infection rates 
and prolonged survival times of hemodialysis catheters in infants 
and children. Clin J Am Soc Nephrol 2011;6:793-798. 

https://doi.org/10.1086/665312 Published online by Cambridge University Press

mailto:carusucupira@gmail.com
http://www.usrds.org/
https://doi.org/10.1086/665312



