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Abstract

Background: Non-tunneled hemodialysis catheters are currently used for critically ill patients with acute kidney
injury requiring extracorporeal renal replacement therapy. Strategies to prevent catheter dysfunction and infection
with catheter locks remain controversial.

Methods: In a multicenter, randomized, controlled, double-blind trial, we compared two strategies for catheter
locking of non-tunneled hemodialysis catheters, namely trisodium citrate at 4% (intervention group) versus unfrac-
tionated heparin (control group), in patients aged 18 years or older admitted to the intensive care unit and in whom
a first non-tunneled hemodialysis catheter was to be inserted by the jugular or femoral vein. The primary endpoint
was length of event-free survival of the first non-tunneled hemodialysis catheter. Secondary endpoints were: rate

of fibrinolysis, incidence of catheter dysfunction and incidence of catheter-related bloodstream infection (CRBSI), all
per 1000 catheter-days; number of hemorrhagic events requiring transfusion, length of stay in intensive care and in
hospital; 28-day mortality.

Results: Overall, 396 randomized patients completed the trial: 199 in the citrate group and 197 in the heparin group.
There was no significant difference in baseline characteristics between groups. The duration of event-free survival of
the first non-tunneled hemodialysis catheter was not significantly different between groups: 7 days (IQR 3-10) in the
citrate group and 5 days (IQR 3-11) in the heparin group (p = 0.51). Rates of catheter thrombosis, CRBSI, and adverse
events were not statistically different between groups.

Conclusions: In critically ill patients, there was no significant difference in the duration of event-free survival of the
first non-tunneled hemodialysis catheter between trisodium citrate 4% and heparin as a locking solution. Catheter
thrombosis, catheter-related infection, and adverse events were not statistically different between the two groups.
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Background

Non-tunneled hemodialysis catheters are currently
the preferred vascular access method for critically
ill patients with acute kidney injury (AKI) requiring
renal replacement therapy (RRT). Despite progress
in the management of AKI and high-quality catheter
practices, vascular access remains the weak link in the
chain of RRT and contributes to increased morbidity
in hemodialysis patients, particularly through catheter
dysfunction (stenosis and/or thrombosis) and infection
[1,2].

It is accepted practice to lock the lumen of non-
tunneled hemodialysis catheters with an anticoagu-
lant solution to prevent thrombosis, maintain catheter
patency, and avoid infection between dialysis sessions.
Heparin locks are considered the reference, but the
use of heparin is associated with a number of compli-
cations, including inadvertent systemic administration
potentially leading to coagulopathy and bleeding, hep-
arin-induced thrombocytopenia [3], and allergic reac-
tions [4], thus rendering heparin difficult to handle in
the intensive care unit (ICU).

Antimicrobial locking solutions to reduce cath-
eter-related infection (CRI) could be an attractive
alternative, but must contain a high antimicrobial con-
centration to overcome the relative resistance of sessile
bacteria in the catheter biofilm. Studies have shown
that antibiotic locks decrease the risk of long-term
hemodialysis infection [5], but, when used repeatedly,
may promote the selection of resistant organisms [6, 7].
A randomized, double-blind, placebo-controlled trial
comparing ethanol to saline solution failed to find a
decrease in the frequency of infection of dialysis cath-
eters in ICU patients [8].

Citrate locking solutions are a promising alternative
to heparin. Citrate exerts its anticoagulant effect by its
ability to chelate calcium, which is fundamental to the
activation of the coagulation cascade, but also of plate-
let activity [9]. Randomized controlled trials (RCT)
comparing heparin versus citrate lock solutions have
been small [10-12] or used high concentrations of cit-
rate, respectively, 30% [13] and 46.7% [14]. It is note-
worthy that in 2000, the Food and Drug Administration
(FDA) prohibited the use of citrate at concentrations
greater than 4% due to the risk of metabolic disorders
[15, 16], notably major hypocalcemia resulting in death
in cases of systemic leakage [17].

The objective of this randomized, double-blind, mul-
ticenter, controlled trial was to compare the duration of

event-free survival of the first non-tunneled hemodialy-
sis catheter between trisodium citrate 4% and heparin
as the catheter lock solution.

Methods

Study design

The study design has previously been published elsewhere
[18]. Briefly, the VERROU-REA study was a randomized,
prospective, multicenter, double-blind, controlled study
designed to compare two strategies for locking non-tun-
neled hemodialysis catheters, namely trisodium citrate at
4% (Citra-Lock, Dirinco AG, Bern, Switzerland), versus
unfractionated heparin (control group) at a concentra-
tion of 5000 IU/ml, used within the range of its currently
approved indications for extracorporeal circulation and
RRT. The study sponsor was the University Hospital of
Dijon, France. An independent Data and Safety Monitor-
ing Board (DSMB) monitored the safety of the trial and
periodically assessed whether the trial should continue
to planned termination. The study received approval for
all participating centers from the local ethics commit-
tee (Comité de Protection des Personnes Est I) under the
number 2013/14 and by the Agence National de Sécu-
rité des Médicaments et des Produits de Santé (ANSM,
French National Agency for the Safety of Medical Prod-
uct and Devices, approval number 2013-000414-37). The
first author drafted the manuscript, which was reviewed
by the trial steering committee. Statistical analyses were
performed in accordance with the International Confer-
ence on Harmonization Good Clinical Practice guide-
lines by the study statistician (AB). The authors attest
that the study was performed in accordance with the pro-
tocol and vouch for the accuracy and completeness of the
reported analyses.

Study population

Patients were eligible for enrollment if they were aged
18 years or older, admitted to the ICU, with AKI requir-
ing RRT, and in whom a first non-tunneled hemodialy-
sis catheter was to be inserted by the jugular or femoral
vein, provided informed consent, and had social security
coverage.

Exclusion criteria were as follows:

+ Catheters inserted by the subclavian approach.

+ Contraindication to systemic anticoagulation (active
uncontrolled bleeding, acute liver failure (factor
V < 30%), thrombocytopenia < 30,000/mm? in the
absence of planned correction), documented or sus-
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pected heparin-induced thrombocytopenia. HIT
was suspected in the presence of platelet count <100
000 g/l and/or a decrease of > 40% over baseline,
occurring within a compatible timeframe after the
introduction of heparin (5-8 days), and documented
by immunoenzymatic tests (ELISA).

+ Known allergy to citrate or heparin.

« DPatients on chronic dialysis.

+ Documented systemic bacterial infection not under
treatment at the time of randomization.

+ DPatients not affiliated with a health insurance system
(beneficiary or dependent).

» Pregnant patients.

+ DPatients with advance directives issued expressing
the desire not to be resuscitated.

+ Patient under tutorship or curatorship or judicial
protection.

+ Enrollment in any concomitant randomized trial
with the same outcomes as VERROU-REA.

Written informed consent was obtained from the patient
or responsible surrogate (see Additional file 1 for details).

Randomization

Randomization was performed after verification of the
inclusion and exclusion criteria via an online request
using Tenalea® software (Formsvision BV, Abcoude, The
Netherlands). Allocation was based on a minimization
technique taking into account the catheter insertion site
(jugular or femoral), intended type of dialysis (continuous
or intermittent) and Simplified Acute Physiology Score
(<55 or > 55) [19]. Patients were assigned to treatment
groups (citrate or heparin) using block randomization
stratified by center. Patients were randomly assigned to
one of the two groups in a 1:1 ratio. The Inserm CIC-
1432 Clinical Epidemiology Unit (Dijon, France) man-
aged the data.

Interventions

Trisodium citrate at 4% or heparin, according to the
study group, was instilled into both lumens of the cath-
eter to attain a total volume corresponding to the volume
of each branch. To preserve the blinding for the investi-
gator, the nurse prepared the lock solution (see the Addi-
tional file 1 for details). Before each administration of
citrate or heparin, the catheter lumen was flushed with
10 mL of saline as quickly as possible. Then, the lock solu-
tion (citrate or heparin) was injected slowly (over at least
10-s duration) into each lumen. Before initiation of RRT
and use of the catheter, a minimum of 5 mL of liquid was
extracted from each lumen. Catheter patency was veri-
fied by performing a blood return with a 20-mL syringe.
All catheters had a minimum diameter of 13.5 French. All
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catheters were double-lumen catheters, 15 cm long for
the right jugular route, 20 cm for the left jugular route,
and 24 cm for the femoral route. Only one catheter per
patient (i.e., the first inserted) was considered for analy-
sis. Maximum barrier precautions were followed for
catheter placement and manipulation [20]. The decision
to use ultrasound guidance for catheter insertion was at
the discretion of the operator. Patients were followed up
for the duration of their hospital stay.

All staff likely to be involved in the management of
patients included in the current study attended a dedi-
cated session to undergo training in the monitoring pro-
cedures, and posters outlining the main procedures to
remember were on permanent display in all participating
departments. Details of the preparation of catheter locks
at the pharmacy and patient management are described
in Additional file 1.

Study outcomes

The primary endpoint was the duration of event-free
survival of the first non-tunneled hemodialysis catheter,
defined as the time (in days) from catheter insertion to
withdrawal, whatever the reason (infection, thrombo-
sis, leakage or deteriorated catheter, intentional or acci-
dental catheter removal, end of treatment, or death,
whichever occurred first), up to 28 days. The secondary
outcomes were as follows: the number of patients under-
going fibrinolysis for the first hemodialysis catheter, and
the incidence rate of fibrinolysis per 1000 catheter-days,
the incidence of catheter dysfunction per 1000 catheter-
days; the incidence of catheter-related infection (CRI)
and catheter-related bloodstream infections (CRBSI)
per 1000 catheter-days; number of hemorrhagic events
requiring transfusion of at least two units of packed red
blood cells, length of stay in intensive or critical care,
length of hospital stay, death rate at 28 days. A clini-
cal event committee comprising two physicians (one
hygiene specialist from the Department of Epidemiol-
ogy and Hospital Hygiene and one infectious diseases
specialist from the Department of Infectiology, Univer-
sity Hospital of Dijon, France), blinded to the treatment
allocation, independently analyzed data and adjudicated
all events as to the presence or not of catheter infection.
All serious adverse events were adjudicated by a Central
Pharmacovigilance Department (University Hospital of
Dijon-Bourgogne, France) as to whether the event was
attributable to the catheter lock. The definitions used for
the outcomes are described in detail in Additional file 1.

Statistical analysis

On the basis of published data at the time the trial was
being designed [14, 21] and considering the survival
duration of the first non-tunneled dialysis catheter as
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a time to event outcome, the prudent hypothesis of a
median of 12 days in the citrate group versus 9 days in
the heparin group was retained. We estimated that 386
patients (193 per group) were required to ensure 80%
power at a bilateral alpha risk of 0.05, assuming a rate of
5% non-evaluable cases. An interim analysis was planned
after inclusion of 50% of the patients (for details, see
Additional file 1).

Quantitative variables are described as mean =+ stand-
ard deviation (SD) when normally distributed, or as
median (IQR) if non-normally distributed, and quali-
tative variables as number (percentage). The primary
analysis was on an intention-to-treat basis. The dura-
tion of event-free survival of the first non-tunneled
dialysis catheter, defined as the time from catheter inser-
tion to withdrawal, whatever the reason, was compared
between groups using the log-rank test, and the corre-
sponding survival probabilities were charted using the
Kaplan—Meier method. The time of withdrawal was not
observed if the patient was discharged from the ICU to
another unit with the first catheter in place. In this case,
the time of withdrawal was censored at the time of dis-
charge from the ICU. Sensitivity analysis was performed
considering as events only catheter withdrawal due to
lock failure (suspected infection, thrombosis, bleeding,
leakage, or catheter dysfunction) and considering death,
discontinuation of RRT, and other reasons for cath-
eter withdrawal as competing events using a Fine—Gray
model.

In secondary analyses, overall survival, 28-day mortal-
ity rate, in-ICU and in-hospital death, length of stay in the
ICU, length of hospital stay and the incidence of catheter
dysfunction per 1000 catheter-days, the incidence of CRI
per 1000 catheter-days, the number of heparin-induced
thrombocytopenia as well as hemorrhagic events requir-
ing transfusion of at least two units of packed red blood
cells were compared using the log-rank, Chi-square,
Fisher’s exact, or Mann—Whitney U tests, as appropriate.

For per-protocol analysis, the same analyses were per-
formed on patients grouped according to the treatment
actually received.

All analyses were performed with SAS software, ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA). The signifi-
cance level was set at 0.05 for all final analyses.

Results

Patient population

The study was conducted between June 2013 and January
2016 in nine ICUs (seven university teaching hospitals
and two general hospitals) in France. Among 402 rand-
omized patients, 396 completed the trial. The flowchart
of the VERROU-REA study population is shown in Fig. 1.
By intention-to-treat, 199 patients were analyzed to the
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citrate group (treatment group) and 197 in the heparin
group (control group).

There were no significant differences in baseline char-
acteristics between groups (Table 1).

The total median number of locks used for the first
non-tunneled hemodialysis catheter was not statistically
different between groups: 2 (IQR 1, 4) and 2 (IQR 1, 3) in
the citrate and heparin groups, respectively.

Primary and secondary outcomes (Table 2, Fig. 2)

The duration of event-free survival of the first non-
tunneled hemodialysis catheter was not significantly
different between groups: 7 days (IQR 3-10) in the cit-
rate group and 5 days (IQR 3-11) in the heparin group
(p = 0.51) (Table 2, Fig. 2). Per-protocol analysis (n = 379
patients) yielded similar results (p = 0.42). Similarly, by
sensitivity analysis, there was no significant difference in
the time to withdrawal of the first catheter due to lock
failure, considering other causes of withdrawal as com-
peting events (p = 0.22). The reasons for catheter with-
drawal are detailed in Table 3.

A total of five episodes of general first CRI and 15 epi-
sodes of local first CRI were observed, without statisti-
cally significant difference between the two groups. One
episode of CRBSI was observed in the citrate group and
none in the heparin group.

Thrombosis of the first catheter was observed in nine
patients in the citrate group versus three in the heparin
group (p = 0.14), requiring fibrinolysis in two patients in
the citrate group.

Adverse events were not statistically different between
groups. Among the cases of heparin-induced thrombocy-
topenia observed, none was related to the catheter lock.
Among the bleeding events observed, 10/20 (50%) in the
citrate group were associated with the catheter lock and
12/26 (46%) in the heparin group. The length of ICU stay,
the length of hospital stay, and in-hospital and 28-day
mortality rates were not statistically different between
groups.

Discussion

The main finding of this study is that in a first non-tun-
neled hemodialysis catheter, there was no significant
difference in the duration of event-free survival of the
catheter between trisodium citrate 4% and heparin as a
locking solution. Catheter thrombosis, CRI, and adverse
events were not statistically different between the two
groups.

Studies comparing citrate with heparin as locks for
non-tunneled hemodialysis catheters have generally been
small and not adequately powered to provide conclusive
evidence of safety and efficacy [10—14]. Data mainly con-
cern patients undergoing chronic RRT with long-term
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5120 ICU patients were assessed for eligibility

v

769 had AKI needing RRT

367 patients were excluded:

- 137 with a contraindication to systemic anticoagulation
- 28 with a first non-tunneled catheter already used

- 17 patients not affiliated with a health insurance,
pregnant or legally protected adults

A 4

A 4

- 6 systemic bacterial infection not under treatment at the
time of randomization

- 36 were moribund due to comorbidities

- 17 randomization problem

- 11 refused consent

- 115 other reasons*

402 underwent
randomization

Citrate arm: n=203

- 1 patient died at randomization
before catheter insertion

- 1 patient withdrew his consent

- 2 patients underwent

randomization in error (chronic KI)

A

Randomization

Heparin arm : n=199

- 1 patient died at randomization
before catheter insertion

- 1 patient underwent randomization in

error (catheter in subclavian position)

A 4

Y ITT lysi y
I199 patients analysedl analysis | 197 patients analysed |
n=396
- 2 patients with Saline 0.9% - 2 patients with Saline 0.9% before
before Citrate L . |Heparin
- 4 patients without RRT on the [ 1- 9 patients without RRT on the first
Iﬁrst catheter catheter
A 4 Per-protocol \ 4
|193 patients analysedl analysis | 186 patients analysed |
n=379

Fig. 1 Flowchart of the VERROU-REA study population (N = 396)

tunneled catheters. In these patients, trisodium cit-
rate 4% is considered as the reference lock solution, in
order to prevent catheter dysfunction and infection [22,
23], although antimicrobial-containing citrate lock was
reported to perform better than a heparin lock in the
prevention of catheter-related infection in a meta-anal-
ysis of 13 randomized trials [13]. Conversely, heparin
is considered as the reference for locking non-tunneled
hemodialysis catheters, but there is insufficient evidence

in the literature regarding its safety and efficacy in criti-
cally ill patients. Despite the paucity of data, the Ameri-
can Society of Diagnostic and Interventional Nephrology
(ASDIN) and European Renal Best Practice (ERBP) con-
sider 4% citrate and heparin to be acceptable alterna-
tives for locking central venous catheters [22, 23]. Thus,
it would appear logical that citrate could hold promise
for the patient population of our study, notably for those
with a contraindication to heparin.
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Table 1 Characteristics of the study population of the VERROU-REA study (N = 396)

Characteristics

Citrate (N = 199)

Heparin (N = 197)

69.4
Male gender, n (%) 127
BMI, mean (£ SD) 30
Main reason for ICU admission, n (%)

Age, years, mean (£ SD)

Neurologic 9
Cardiac 22
Renal 44
Respiratory 46
Sepsis or septic shock 63
Other shock 6
Other reasons 9
Charlson comorbidities score, mean (£ SD) 6.1
SAPS Il at ICU admission, mean (£ SD) 62.5
SOFA at randomization, mean (4= SD) 10.3
First catheter insertion site, n (%)
Leftinternal jugular 16
Right internal jugular 61
Left femoral 43
Right femoral 79
Type of RRT for the first non-tunneled catheter, n (%)
Both continuous and intermittent 36
Intermittent only 83
Continuous only 76
RRT not initiated® 4
Systemic anticoagulation, n (%) 119
Systemic antimicrobials for the first non-tunneled hemodialysis 160

catheter, n (%)

(£134) 69.5 (£129)
(64%) 123 (62%)
(£87) 2938 (£86)
(5%) 6 (3%)
(11%) 30 (15%)
(22%) 29 (15%)
(23%) 41 (21%)
(32%) 65 (34%)
(3%) " (6%)
(5%) 14 (7%)
(£34) 59 (*27)
(*173) 63.0 (+18.6)
(£36) 104 (£3.5)
(8%) 23 (12%)
(31%) 64 (32%)
(21%) 44 (22%)
(40%) 66 (34%)
(18%) 39 (20%)
(42%) 82 (42%)
(38%) 67 (34%)
(2%) 9 (5%)
(68%) 117 (66%)
(81%) 168 (85%)

SD, standard deviation; BMI, body mass index (kg/m?); ICU, intensive care unit; SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure
Assessment; Q1, Q3, first and third quartiles; RRT, renal replacement therapy; LMWH, low molecular weight heparin

2 Reasons are detailed in the Additional file 1

To the best of our knowledge, only one randomized
study, which included 291 patients in ten dialysis units,
has previously compared the safety and efficacy of hepa-
rin versus citrate as a locking solution for non-tunneled
catheters in hemodialysis patients [14]. The risk of cath-
eter dysfunction was significantly lower in the citrate
group, and the authors also noted a lower incidence
of CRI in the citrate group as compared to the hepa-
rin group. Furthermore, the risk of bleeding and death
from CRBSI was significantly lower in the citrate group.
Indeed, it should be noted that this study was prema-
turely interrupted because of a significant difference
in CRBSI between groups, in favor of the citrate group.
We failed to observe any significant difference in CRBSI
in our study. This could be explained by the fact that in
the study by Weijmer et al., the citrate concentration
used was 30% (instead of 4%), and critically ill patients
were excluded. To explain these results, the authors rely
on in vitro studies that demonstrated bactericidal and

sporicidal activity of citrate (23% or 4%) and prevention
of biofilm formation [24]. This is in contrast to hepa-
rin, which may in fact promote biofilm formation and
increase the risk of infection [25]. A further potential
explanation for the difference with our findings is that in
our study, infectious events were adjudicated by a clinical
events committee, and therefore, only confirmed cathe-
ter-related events are counted.

In a prospective quasi-experimental study using 46.7%
citrate lock [26], Parienti et al. reported that the risk of
CRI was not significantly different in the citrate group
compared to either saline solution or heparin. Moreover,
the mean duration of non-tunneled hemodialysis cath-
eters was not statistically different between groups, as in
our study. On the other hand, the use of citrate 46.7% in
Parienti’s study was associated with less catheter dysfunc-
tion, in line with the higher rate of catheter dysfunction
found in the saline solution group as compared to the cit-
rate group by Hermite and colleagues in their study [21].
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Table 2 Primary and Secondary Outcomes in the VERROU-REA Study (N = 396)

Outcome Citrate (N = 199) Heparin (N = 197) p value

Overall duration of the first catheter (days), median (Q1, Q3)? 7(3,10) 5(3,11) 0.51

First hemodialysis non-tunneled catheter-days, n 1461 1590

Fibrinolysis for the first non-tunneled hemodialysis catheter, n (%) 2 (1%) 0 1
Incidence rate per 1000 catheter-days 1.37 0

Bleeding at the insertion site of the catheter, n (%) 1 (1%) 5 (3%) 0.12
Incidence rate per 1000 catheter-days 0.68 314

Hematoma at the insertion site of the first catheter, n (%) 3 (2%) 1 (1%) 0.62
Incidence rate per 1000 catheter-days 2.05 0.63

Thrombosis of the first non-tunneled hemodialysis catheter, n (%) 9 (5%) 3 (2%) 0.14
Incidence rate per 1000 catheter-days 6.16 1.89

Local first catheter-related infection, n (%) 7 (14%) 8 (19%) 0.55
Incidence rate per 1000 catheter-days 4.79 503

General first catheter-related infection, n (%) 4 (8%) 1 (2%) 037
Incidence rate per 1000 catheter-days 2.74 0.63

First catheter-related bloodstream infection, n (%) 1 (2%) 0 1
Incidence rate per 1000 catheter-days 0.68 0

Heparin-induced thrombocytopenia 4 (2%) 2 (1%) 1

Bleeding events during follow-up 41 (21%) 37 (19%) 0.65
Requiring transfusion packs red blood cells 22 (11%) 27 (14%) 042
Requiring transfusion of > 2 packs red blood cells 20 (10%) 26 (13%) 0.33

Death at 28 days, n (%) 88 (44%) 94 (48%) 0.49

Death in ICU, n (%) 84 (42%) 92 (47%) 0.37

Length of ICU stay (from randomization) (days), median (Q1, Q3) 6(3,14) 6(3,12) 0.70

In-hospital death, n (%) 102 (51%) 108 (55%) 048

Length of hospital stay (from randomization) (days), median (Q1, Q3) 15(6,31) 12 (4,27) 0.18

2 Kaplan-Meier estimation and log-rank test with one missing data in the Heparin arm

In a recent systematic review and meta-analysis [27],
Grudzinski et al. compared the benefits and harms of
citrate locking solutions versus heparin for non-tun-
neled hemodialysis catheters. The rates of death and
CRBSI tended to be lower with citrate, but pooled
effect estimates were not statistically significant. No
significant differences in catheter exchange/replace-
ment, thrombolysis, or all-cause hospitalization were
found between groups in any of the pooled analyses.
Conversely, citrate locking solutions were associated
with significantly fewer bleeding episodes. In our VER-
ROU-REA study, the number of bleeding episodes was
not statistically different between the citrate and hepa-
rin groups, probably because patients at risk of hem-
orrhage were excluded from this study. Also, systemic
anticoagulation was used in 68% in the citrate group
and 66% in the heparin group, and thus, any effect of
heparin would be subsumed by the overall effect of the
anticoagulant therapy. Similarly, we failed to observe
any difference in general or local infections, or in
CRBSI between groups, probably because systemic
antimicrobials were used while the first hemodialysis

catheter was in place in, respectively, 81% and 85% in
citrate and heparin groups. Furthermore, the study was
not powered to detect a significant difference in these
secondary endpoints.

Our study has several limitations. First, no analysis of
the costs related to the use of citrate as a catheter lock
solution (such as cost-effectiveness) was performed or
planned. However, no such analysis was planned because
in the French healthcare system, neither of these two
catheter lock solutions is significantly more expensive
than the other.

Second, our study population comprised mainly criti-
cally ill patients with sepsis and with a high rate of use
of systemic anticoagulation and antibiotics, and thus, our
findings cannot be generalized to other clinical situations.
In addition, patients with a contraindication to antico-
agulant therapy were excluded. Finally, the duration of
the first catheter may have been too short to show a sig-
nificant difference between groups, and in both groups, a
median of only two locks was observed. Indeed, the sam-
ple size was calculated on the assumption that catheter
survival would be 12 days in the citrate (intervention)
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with Number of Catheters at Risk

94
82

22
31

+ Censored
Logrank p=0.5118
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Days

| Randomization

Citrate -—--—-—--——- Heparin |

Fig. 2 Event-free survival of the first non-tunneled hemodialysis catheter in the citrate and heparin groups

Table 3 Reason for the withdrawal of the first non-tunneled hemodialysis catheter (among patients in whom withdrawal

was observed)

Reason for withdrawal

Citrate (N = 199)

Heparin (N =197)

Catheter withdrawal not observed
Reason for removal (if withdrawal observed), n (%)
Missing data

RRT stopped due to spontaneous recovery of renal function

Puncture site bleeding
Thrombosis catheter

Catheter dysfunction (inability to achieve and maintain a blood flow >200 mL/min)

Suspected catheter infection
Death
Other reasons

Accidental withdrawal of the catheter by the patient

Implantation of ECMO at the site of the dialysis catheter

Transfer to another hospital

Change of catheter site to allow the patient to get out of bed

Implantation of tunneled catheter
Decision to withdraw life support therapy

11(6)
188 (94)

8(4)
189 (96)
2(1)
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group compared to 9 days in the heparin (control) group,
based on previous publications. Unfortunately, in real-
ity, by 7 days, more than 50% of the catheters had already
been removed in both arms of the study, and largely due
to events that were not the primary endpoint. Further
studies are warranted that measure survival of subse-
quent catheters, and not just the first.

Conclusion

In conclusion, our study did not show a significant dif-
ference between trisodium citrate 4% and heparin, as a
catheter lock solution, in terms of the survival duration
of a first non-tunneled hemodialysis catheter in criti-
cally ill patients. However, these findings should be inter-
preted in light of the study limitations and deserve to be
confirmed in further studies that investigate catheter sur-
vival beyond the first catheter.
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Additional file 1. Online supplement containing additional information
relating to the methods, as well as author contributions and the full list of
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