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AbstrAct

Introduction: The high incidence of pa-
tients beginning dialysis treatment with 
venous catheters, as well as the grow-
ing number of patients with permanent 
catheter access, has increased catheter- 
related blood infections and their conse-
quences. Thus the search for substances 
with anticoagulant properties that also 
prevent catheter contamination is nec-
essary. Objective: This study aimed at 
comparing heparin and trisodium citrate 
used as long-term catheter locking solu-
tions regarding the occurrence of pyro-
genic reaction, bacteremia, infection- 
related hospitalizations, thrombosis, and 
death. Methods: Retrospective study on 
the infection data from the Infection 
and Adverse Event Prevention Control 
Program registry, which included all he-
modialysis patients using long-term cath-
eters from April, 2006 to March, 2008. 
During the first 365 days, catheters were 
locked with heparin (Heparin group) 
and, during the following 365 days, with 
46.7% trisodium citrate (Citrate group). 
Sixty-five patients were included in the 
study using 92 catheters. The groups 
were compared regarding the occurrence 
of pyrogenic reaction, bacteremia, hos-
pitalization, catheter thrombosis, and 
death. Results: The catheter-related bac-
teremia episodes were significantly lower 
and hospitalization time was significant-
ly shorter in the Citrate group when com-
pared with those in the Heparin group. A 
tendency towards a lower occurrence of 
access site infection-related hospitaliza-
tion was observed in the Citrate group 
(p = 0.055), and no difference was ob-
served in catheter thrombosis leading to 
dysfunction between groups. Bacteremia-
free and hospitalization-free times were 

Comparison of trisodium citrate and heparin as catheter-
locking solution in hemodialysis patients

IntroductIon

The increase in the incidence of stage V 
chronic kidney disease (CKD), special-
ly that related to chronic degenerative 
diseases, has reached alarming figures 
worldwide in past years,1 and, in Brazil, 
it has not been different.2 Most of those 
patients initiate dialysis therapy with he-
modialysis (HD) and a central venous 
catheter.3

Despite the initiatives implemented 
in recent years to reduce the use of cath-
eters and prostheses, such as the Fistula 
First program,4 in the United States of 
America, approximately 70% of the pa-
tients initiate HD with a central venous 
catheter.5 In addition, in some regions 
of the country, catheters represent up to 
40% of the vascular accesses in patients 
undergoing HD. It is worth emphasizing 
that several studies have shown that the 
relative risk of death is up to 1.5 times 
higher and the relative risk of infection is 
7.6 times higher in patients with central 
venous catheters as compared with those 
in patients with arteriovenous fistula.5,6

longer in the Citrate group. The occur-
rence of bacteremia was associated with 
the presence of diabetes and heparin use. 
In multivariate analysis, being in the 
Heparin group was the only factor as-
sociated with bacteremia. Conclusion: 
The use of 46.7% citrate solution effec-
tively reduced bacteremia episodes and 
hospitalization in chronic kidney disease 
patients on hemodialysis with long-term 
catheters.
Keywords: renal dialysis, catheters, 
catheter-related infections, anticoagulant 
agents, citrates.
[J Bras Nefrol 2011;33(1): 68-73]©Elsevier Editora Ltda.
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Infectious events are the second cause of death 
in HD patients.7 The infections of catheters used as 
vascular access are severe and can become systemic 
with metastatic foci.8 Several alternatives have been 
considered to minimize those risks, such as chemical 
substances to reduce the incidence of catheter-related 
infections when used as locking solutions in the inter-
dialytic period.

Heparin has been used as a locking solution, espe-
cially because of its anticlotting property. However, 
with the more often use of catheters and the occur-
rence of infections, other substances, such as sodium 
citrate, alcohol, and EDTA have been used as locking 
solutions, alone or associated with antibiotics.9,10,11

This study aimed at comparing heparin and triso-
dium citrate used as long-term catheter-locking solu-
tions regarding the occurrence of pyrogenic reaction, 
bacteremia, infection-related hospitalizations, throm-
bosis, and death.

Method

This is a retrospective study of infection- and cath-
eter-related data recorded on the Infection and 
Adverse Event Control and Prevention Program 
(PCPIEA) monthly reports of a satellite HD unit 
(Instituto de Hemodiálise Sorocaba) from April 
2006 to March 2008.

Data were grouped into the following two time 
periods: from April 1st, 2006, to March 31st, 2007, 
comprising the Heparin Group, in which a heparin 
solution (1,500 U/mL) was used as catheter lock at 
the end of the HD session; and from April 1st, 2007, 
to March 31st, 2008, comprising the Citrate Group, 
in which 46.7% trisodium citrate was used as cathe-
ter lock. The catheters were aseptically managed in all 
HD sessions, according to the HD service protocol. 
At the end of the sessions, the catheter was flushed 
with 0.9% saline solution, and, then, its lumen was 
filled with the exact volume of citrate or heparin solu-
tion specified by the catheter’s manufacturer.

The population studied comprised 65 HD patients 
(aged 18 years and over) with long-term double-lumen 
catheter as HD vascular access. Of those, 31 (48%) 
were part of the Heparin Group, and 34 (52%) were 
part of the Citrate Group. Because this was a continu-
ous study, 17 patients belonged to both groups.

Ninety-two catheters were used during the study, 
49 in the Heparin Group and 43 in the Citrate Group. 
All catheters were Permcath® Quinton, of varied sizes 
(36 to 40 cm) according to their insertion position and 
patient’s biotype, except for three catheters inserted in 

the femoral vein, which were all Medcomp® 52-cm 
split catheters. All catheters were implanted at the he-
modynamic laboratory under fluoroscopy.

The following events were assessed: pyrogenic re-
action; bacteremia; thrombosis or partial obstruction 
leading to low flow; hospitalization; and death.

Pyrogenic reaction was defined as the sudden and 
unexplained presence of at least two of the following 
symptoms/signs: fever, chills, shivering, sweating, hy-
potension or tachycardia in a patient with a long-term 
double-lumen catheter, negative blood culture, and no 
other cause to justify the symptoms/signs.12 Episodes 
occurring from the beginning of the HD session until 
six hours after its end were considered.

Catheter-related bacteremia was defined as blood 
stream infection identified by at least one positive 
blood culture collected from a peripheral vein in the 
presence of signs and symptoms, such as fever, chills 
and/or hypotension, with no evidence that the origi-
nal infection site could be other than the catheter.13 
During the study, blood cultures were all performed 
at the same Clinical Pathology Laboratory by using 
the triphasic hemobac system (Sistema Hemobac 
Trifásico®). Samples were collected at all episodes of 
chills and shivering, regardless of the presence of fe-
ver, from patients with long-term catheters.

Thrombosis was defined as the persistent inca-
pacity to perform HD sessions through a long-term 
double-lumen catheter with blood flow equal to or 
greater than 200 mL/min. Prior to catheter removal, 
as a routine, low blood-flow catheters with evidence 
of neither folding nor bad positioning received recom-
binant tissue plasminogen activator (rTPA), 2.5 mg in 
each catheter rod for one hour. Success in the ma-
neuver was achieved with blood flow higher than  
250 mL/min for at least two consecutive HD sessions.

Hospitalization was defined as any hospital ad-
mission due to catheter-related infection.

The presence of bleeding through the catheter exit 
site or any other site was assessed during all period 
studied. In addition, patients were instructed to report 
any symptom related to the citrate solution infusion, 
including chest discomfort, metallic taste in mouth, or 
tickling around the mouth. If any of such symptoms 
were reported, infusion was immediately suspended. 
Because of the high concentration used, the infusion 
was always performed with separate syringes for the 
arterial and venous sides, both of 3-mL capacity and 
always filled with the volume recommended by the 
catheter’s manufacturer for the arterial and venous 
sides. The catheter was always locked by two trained 
nurse technicians.
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stAtIstIcAl AnAlysIs

The Wilk-Shapiro test was used to assess the dis-
tribution of the variables, and those with a normal 
distribution were presented as mean ± standard 
deviation, while those with a non-normal distri-
bution were presented as median and extremes. 
Categorical variables were presented in proportions 
and assessed by use of the Chi-square test. The two 
groups were compared by using the Student t test 
or Mann-Whitney test, when appropriate. Survival 
and event-free survival curves were estimated by use 
of the Kaplan-Meier method and compared with the 
log-rank test on univariate analysis. Logistic regres-
sion was performed to identify the independent vari-
ables associated with the occurrence of bacteremia. 
A p value < 0.05 was considered significant. The 
SPSS program for Windows (version 13; SPSS Inc, 
Chicago, IL) was used for all analyses.

results

The sample studied comprised 65 patients, most 
of whom were middle-aged women on HD for 

approximately four years. A total of 92 catheters 
were used, and their insertion sites were as follows: 
74 in the internal jugular vein; 13 in the subclavian 
vein; and five in the femoral vein. Fifty-five catheters 
were definitive, that is, patients with no other pos-
sibility of access.

The demographic and clinical data of the Heparin 
and Citrate groups are shown in Table 1. No signifi-
cant difference was observed between the groups. 
The 92 catheters, 49 in the Heparin Group and 43 in 
the Citrate Group, corresponded to a total of 5,102 
catheters/day in the Heparin Group, and 5,693 cath-
eters.day in the Citrate Group (p = 0.29).

The events observed in each group during the 
study are shown in Table 2. Of the pyrogenic reac-
tions observed, 11 (65%) occurred in the Heparin 
Group and six (35%) in the Citrate Group. The 
pyrogenic index was 2.16 and 1.05 episodes/1,000 
catheters.day for the Heparin and Citrate Groups, 
respectively (p = 0.23).

Eighteen episodes of catheter-related bacteremia 
occurred, 17 of which in the Heparin Group and 
only one in the Citrate Group. The bacteremia index 

Characteristics Heparin group  (n = 31) Citrate group (n = 34) p

Age (years) 58.56 ± 15.62 60.25 ± 14.65 0.65

Female n (%) 20 (64) 22 (65) 0.99

Diabetes mellitus n (%) 13 (42) 11 (32) 0.64

Dialysis time (months) 54.2 (0 – 296.9) 49.5 (0 – 313.7) 0.80

Mean catheter time in the study (days) 109.6(15 - 364) 138.6 (2 – 365) 0.10

Catheter site 0.41

- internal jugular vein n (%) 37 (75) 37 (86)

- subclavian vein n (%) 9(18) 4(9)

- femoral vein n (%) 3 (6) 2(5)

Mean number of previous catheters 2.94 ± 1.98 3.71 ± 2.56 0.18

Catheter as definitive access n (%) 16 (52) 21 (62) 0.40

Table 1 DemOgraphic Data Of the pOpulatiOn stuDieD

Table 2 aDverse events in the grOups treateD with heparin Or citrate 

Events Heparin group (n = 31) Citrate group (n = 34) p

Pyrogenic reactions 11 6 0.29

Bacteremias
Gram positive (%)
Gram negative (%)

17
4 (24)
13 (76)

1
1 (100)

0
< 0.001

Thromboses 4 3 0.83

Hospitalizations 12 4 0.05

Deaths 3 6 0.30
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Figure 1. Pyrogenic reaction-free time (A), bacteremia-
free time (B), and hospitalization-free time (C). 
Comparison between the Citrate and Heparin groups.
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in the Heparin Group was 3.33 episodes/1,000 cath-
eters.day, and in the Citrate Group it was 0.18 epi-
sodes/1,000 catheters.day (p < 0.001). In the Heparin 
Group, 76.5% of the blood cultures showed Gram-
negative microorganisms (Pseudomonas predomi-
nated, followed by Acinetobacter and Serratia sp.). S. 
aureus was identified in the only episode occurring in 
the Citrate Group.

Bacteremia was associated with the presence of 
diabetes and with belonging to the Heparin Group 
(Table 3). In the multivariate regression analysis, be-
longing to the Heparin Group was the only indepen-
dent factor associated with the occurrence of bacte-
remia (β coefficient = -3.06, 95% CI: 0.005 – 0.402;  
p = 0.005).

The number of thrombosed catheters requiring 
removal due to low flow (lower than 250 mL/min) 
problems was similar in both groups, as was throm-
bolytic use (rTPA). A tendency towards a greater 
infection-related hospitalization rate was observed 
in the Heparin Group (p=0.055). The total number 
of hospitalizations was 204 beds.day, being higher in 
the Heparin Group (151 beds/day vs. 53 beds.day,  
p < 0.001; Heparin Group and Citrate Group, respec-
tively). The occurrence of death did not significantly 
differ between the groups.

The event-free survival curves for pyrogenic reac-
tion, bacteremia, and hospitalization of the Heparin 
and Citrate Groups are shown in Figure 1. The bacte-
remia-free time was significantly longer in the Citrate 
Group (p < 0.001), as was the hospitalization-free 
time (p = 0.02).

During the study period, 4,316 post-hemodialysis 
catheter-lumen filling in the arterial and venous sides 
(catheter lock) were performed, 2,090 in the Heparin 

Table 3 DemOgraphic Data Of the pOpulatiOn stuDieD cOmparing patients with anD withOut bacteremia

Characteristics Bacteremia (n = 13) No bacteremia (n = 52) p

Age (years) 58.8 ± 13.8 59.6 ± 15.4 0.87

Female n (%) 7 (54) 35 (67) 0.36

Diabetes mellitus n (%) 8 (61) 16 (30) 0.04

Dialysis time (months) 27 (0 – 109) 19 (0 – 313) 0.56

Catheter time in the study (days) 112 (20 - 364) 85(2 – 365) 0.29

Catheter site 0.26

- internal jugular vein n (%) 10 (77%) 43 (83%)

- subclavian vein n (%) 3 (23%) 5 (10%)

- femoral vein n (%) 0(0) 4 ( 7%)

Mean number of previous catheters 2.6 ± 1.6 3.5 ± 2.4 0.21

Heparin Group n (%) 12 (92) 19 (36) < 0.001
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Group and 2,226 in the Citrate Group. No abnor-No abnor-
mal bleeding was detected. In the Citrate Group, one 
patient had arrhythmia with hypotension, and an-
other, paresthesia of the lips and metallic taste in the 
mouth, which disappeared in up to one minute after 
interrupting the infusion.

dIscussIon

The results of this study show that the use of citrate 
as a venous catheter lock when compared with hepa-
rin was associated with a lower occurrence of cath-
eter-related bacteremia. In addition, patients using 
citrate spent less days hospitalized than those using 
heparin as catheter lock.

In the literature, the incidence of HD catheter-relat-
ed bacteremia ranges from 1.6 to 5.5 episodes/1,000 
catheters.day, and that variation is partially explained 
by the techniques used in catheter management, the 
use of different locking solutions, as well as of differ-
ent concentrations of such solutions. Citrate has been 
associated with a reduction in the incidence of bacte-
remia due to its bactericidal effect at concentrations 
higher than 23%.14,15,16,17

Some studies, however, showed no difference 
regarding citrate or heparin use.18,19,20 One of such 
studies, a randomized and controlled one, reported 
no citrate superiority over heparin; however, the au-
thors attributed such result to the low occurrence of 
events in both groups (lower than 0.7 bacteremia epi-
sodes/1,000 catheters.day).21 In the present study, the 
incidence of bacteremia was significantly reduced in 
the Citrate Group, which did not occur with pyrogen-
ic episodes, probably because the bactericidal action 
of trisodium citrate is restricted to the catheter lumen.

Another relevant aspect of this study is the high 
incidence of Gram-negative bacteria in more than 
75% of the blood cultures. An increase in the inci-
dence of Gram-negative bacteremia has been report-
ed in recent years, and most studies have reported an 
incidence of up to 45%.22 The present study empha-
sizes that the dialysis units need to know the etiolog-
ic agents of their population infections, because that 
information should guide the initial therapy, which 
is empirically practiced at each institution.

The number of hospitalization days was smaller 
in the Citrate Group, as was longer the hospitaliza-
tion-free time. Despite literature reports indicating 
catheter-related infection as an important cause of 
hospitalization, no report about a reduction in hos-
pitalization attributed to the use of any of the cathe-
ter-locking solutions could be found.

Catheter dysfunction, in addition to its mechan-
ical causes such as catheter folding and proximity 
of catheter tips to the vessel wall, is caused by the 
formation of a fibrin cap that eventually involves 
the entire catheter, exceeding its extremity and 
partially or totally hindering blood aspiration. No 
difference regarding thrombosis-related catheter 
dysfunction was found in the groups studied, in ac-
cordance with most previously published studies.23

It is worth noting the low incidence of adverse 
effects of citrate use in the present study. In the 
United States of America, citrate is rarely used as 
a catheter-locking solution because of the FDA-
issued warning after a fatal occurrence with citrate 
use.24 The adverse effects of high concentrations 
of citrate seem to be related to the sudden drop in 
the calcium ion concentration, leading to severe 
cardiac arrhythmia.25 The use of a strict protocol 
with two syringes filled with the exact volume of 
the arterial and venous lumen, according to the 
catheter manufacturer’s specification, and the slow 
infusion of the locking solution following a rapid 
infusion of 10 mL of saline solution in each lumen 
seem to be sufficient to prevent complications re-
lated to that therapy. In addition, the most frequent 
symptoms, paresthesia and metallic taste, were rare 
in this study and disappeared in up to one minute 
after interrupting the locking-solution infusion. It 
is worth noting that the long-term effect of citrate 
use is yet to be assessed.

Although this is a retrospective study with se-
quential analysis, which made some patients and 
catheters be part of both groups studied, it is the 
first Brazilian report on the experience with citrate 
use, and shows consistent differences between citrate 
and heparin used as HD catheter-locking solutions.

In conclusion, citrate use effectively reduced 
bacteremia episodes and hospitalizations of pa-
tients with chronic kidney failure undergoing HD. 
Therefore, citrate catheter-locking solution seems 
to be a valuable tool that allows longer catheter 
survival, which is increasingly necessary in the 
management of HD patients.
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