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Abstract 

Background: Vascular access for renal replacement therapy (RRT) is routine question in the intensive care unit. 
Randomized trials comparing jugular and femoral sites have shown similar rate of nosocomial events and catheter 
dysfunction. However, recent prospective observational data on RRT catheters use are scarce. We aimed to assess the 
site of RRT catheter, the reasons for catheter replacement, and the complications according to site in a large popula‑
tion of critically ill patients with acute kidney injury.

Patients and methods: We performed an ancillary study of the AKIKI study, a pragmatic randomized controlled 
trial, in which patients with severe acute kidney injury (KDIGO 3 classification) with invasive mechanical ventilation, 
catecholamine infusion or both were randomly assigned to either an early or a delayed RRT initiation strategy. The 
present study involved all patients who underwent at least one RRT session. Number of RRT catheters, insertion sites, 
factors potentially associated with the choice of insertion site, duration of catheter use, reason for catheter replace‑
ment, and complications were prospectively collected.

Results: Among the 619 patients included in AKIKI, 462 received RRT and 459 were finally included, with 598 RRT 
catheters. Femoral site was chosen preferentially (n = 319, 53%), followed by jugular (n = 256, 43%) and subclavian 
(n = 23, 4%). In multivariate analysis, continuous RRT modality was significantly associated with femoral site (OR = 2.33 
(95% CI (1.34–4.07), p = 0.003) and higher weight with jugular site [88.9 vs 83.2 kg, OR = 0.99 (95% CI 0.98–1.00), 
p = 0.03]. Investigator site was also significantly associated with the choice of insertion site (p = 0.03). Cumulative 
incidence of catheter replacement did not differ between jugular and femoral site [sHR 0.90 (95% CI 0.64—1.25), 
p = 0.67]. Catheter dysfunction was the main reason for replacement (n = 47), followed by suspected infection (n = 29) 
which was actually seldom proven (n = 4). No mechanical complication (pneumothorax or hemothorax) occurred.
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Background
The site of vascular access for acute renal replacement 
therapy (RRT) is a daily clinical question for inten-
sivists and nephrologists taking care of patients with 
severe acute kidney injury (AKI).

Placement of temporary catheter at the subclavian 
site is not recommended because of the risk of vascular 
thrombosis or stenosis of the subclavian vein, which 
could hamper potential creation of arteriovenous fis-
tula in these patients at risk of end-stage renal failure 
[1–8].

The CATHEDIA study, a major randomized con-
trolled trial (RCT) comparing femoral and jugular 
sites for RRT catheter insertion, has shown similar 
rate of nosocomial event [catheter-tip colonization 
and catheter-related bloodstream infections (CRBI)] 
[9] and catheter dysfunction[10]. However, left jugu-
lar site was associated with higher rate of dysfunction; 
whereas, catheter-tip colonization was higher among 
patients with body mass index (BMI) > 28.4 when fem-
oral position was preferred.

These results, although in contradiction with some 
previous observational studies [11, 12] and recommen-
dations [13, 14] that advised against femoral site, have 
led to consider both femoral and jugular sites accept-
able. Recent guidelines recommend equally both sites 
(femoral and jugular) [6, 15] or favor right jugular site 
in others [16] given that there was a trend in favor of 
right jugular compared to femoral site regarding dys-
functions in the trial mentioned above.

Since the publication of this RCT and guidelines, 
there is a scarce of prospective observational data on 
the habits of intensivists concerning RRT catheter [17].

We published in 2016 a multicenter randomized 
controlled trial (AKIKI: Artificial Kidney Initiation in 
Kidney Injury) [18] on RRT timing initiation in inten-
sive care units (ICU) patients with severe AKI (stage 
3 of KDIGO classification). The AKIKI trial database 
provides several interesting prospective data regarding 
RRT catheters in 31 French ICUs.

We aimed to investigate RRT catheter site, duration 
of use, reason for catheter replacement, and complica-
tions, in particular infectious according to insertion 
site, in a large population of critically ill patients.

Methods
Study design and patients
We performed an ancillary study of the AKIKI trial, an 
open pragmatic RCT conducted in 31 ICUs in France 
from September 2013 through January 2016. Adults 
patients with severe AKI (stage 3 of KDIGO classifica-
tion) and requirement for invasive mechanical ventilation 
and/or catecholamine infusion were randomly assigned 
(1:1) to either an early or a delayed RRT initiation strat-
egy provided they had no life-threatening complication 
mandating immediate RRT. Detailed protocol is avail-
able elsewhere [18]. In the early strategy group, RRT was 
initiated as soon as possible after randomization. In the 
delayed group, RRT was initiated only in the context of 
severe metabolic or clinical abnormalities.

All patients who underwent at least one RRT session 
were enrolled in the present study.

The original trial was approved by the ethical commit-
tee of the French Society of Intensive Care Medicine and 
by the competent French legal authority (Comité de Pro-
tection des Personnes d’Ile de France VI, ID RCB 2013-
A00765-40, NCT01932190) for all participating centers. 
Patients or their surrogates were informed both verbally 
and with a written document by the investigators. They 
could refuse to participate at any time, and their decision 
was recorded in patient files.

Catheter management
As a pragmatic study, choice of catheter insertion site 
and management were left at the discretion of each study 
center and investigator. However, investigators were 
encouraged to follow the current national guidelines [6], 
i.e., equivalence of right internal jugular and femoral site 
in terms of risk for dysfunction or infection, preference 
for internal jugular site for patients with a body mass 
index above 28  kg/m2 to reduce infectious risk. Guide-
lines also recommend using catheters of diameter > 12 F 
and length ≥ 24 cm for femoral site and ultrasound guid-
ance for jugular and femoral vein catheter placement. 
Removal of RRT catheter was mandated as soon as it is 
no longer necessary. Information on catheter tip culture 
at removal, skin cleaning protocols and RRT catheter 
lock solutions used in participating centers are provided 
in the Additional file 1: Table S1.

Conclusion: Femoral site was preferentially used in this prospective study of RRT catheters in 31 French intensive 
care units. The choice of insertion site depended on investigating center habits, weight, RRT modality. A high inci‑
dence of catheter infection suspicion led to undue replacement.

Keywords: Renal replacement therapy, Acute kidney injury, Vascular access, Catheter, Critical care



Page 3 of 10Benichou et al. Ann. Intensive Care           (2021) 11:56  

Endpoints
We sought to describe the sites of RRT catheter insertion, 
and factors potentially involved in the choice between 
femoral and jugular for the first catheter (age, weight, 
sex, SAPS3 and SOFA, acute respiratory distress syn-
drome (ARDS), invasive mechanical ventilation, hem-
orrhagic risk (defined as ≥ one of the following criteria: 
platelets < 100 G/L, prothrombin ratio < 50%, anticoagula-
tion therapy), peripheral vascular disease, RRT modality, 
investigator site).

We also assessed duration of the first catheter use and 
reason for replacement (catheter dysfunction, thrombo-
sis, suspicion of infection, proven infection or others, as 
defined as requiring catheter replacement according to 
the investigator) according to the insertion site.

Finally, we analyzed complications related to all RRT 
catheters: pneumothorax requiring exsufflation or 
drainage, hemothorax, gas embolism, bleeding requir-
ing transfusion or hemostatic procedure, arterio-venous 
fistula, symptomatic deep venous thrombosis (con-
firmed with Doppler or CT angiography), bacteremia 
and fungemia. For RRT catheter associated bloodstream 
infections, definitions from IDSA 2009 guidelines were 
used (see Additional file 2: Table S2 [19]).

All data were prospectively collected during the AKIKI 
trial.

Statistical methods
Data were expressed as number (percent) for qualita-
tive variables and mean (SD) for quantitative variables. 
Between groups, Pearson’s Chi-squared tests or Fisher’s 
exact tests as appropriate were used to compare qualita-
tive variables and Wilcoxon rank sum tests for quantita-
tive variables. To assess the factors potentially involved 
in the choice between femoral and jugular for the first 
catheter, a mixed logistic regression model was used. The 
fixed effects were: randomization arm, age, sex, weight, 
SAPS3, ARDS, invasive mechanical ventilation, hem-
orrhagic risk, peripheral vascular disease and the first 
RRT modality. The investigator study center variable 
was introduced as random effect. This center effect was 
evaluated by estimating the corresponding random effect 
variance component with its 95% confidence interval 
[20]. We also estimated the intra-class correlation (ICC) 
interpreted as the percentage of variance explained by the 
center effect. Collinearity was assessed using the variance 
inflation factor (VIF) which was estimated for each fixed 
predictor. A VIF lower than 1.5 was judged adequate.

Kaplan–Meier survival curves were used to describe 
duration of catheter’s use. To assess the impact of the 
choice between femoral and jugular for the first cath-
eter on subsequent catheter replacement requirement, 

we used Fine and Gray competing risk survival model 
weighted on inverse probability of treatment weights 
(IPTW). A multivariable logistic regression model was 
performed to estimate a propensity score for each patient 
using all covariates described above. To assess weighting 
balanced measured covariates between the two groups, 
we used the weighted standardized mean difference, and 
we considered an absolute standardized difference less 
than 0.1 as evidence of balance [21]. In the second step, 
a Fine and Gray model [22], weighted on IPTW, was fit-
ted to take into account the risk of death. The event of 
interest was the catheter replacement and the compet-
ing event was death. Time was defined as delay between 
dialysis initiation and catheter replacement or death 
for patients who had one of these events, or duration of 
catheter without replacement or complication (censored 
data). Cumulative incidence and subdistribution hazard 
ratio (sHR) were estimated with their 95% confidence 
intervals.

All analyses were performed at a two-sided α level of 
5% and conducted with R software version 3.3.3 (R Foun-
dation for Statistical Computing).

Results
Patient population
Among the 619 patients included in the AKIKI study, 462 
received RRT at least one time. Three were excluded due 
to missing data, leaving 459 patients in the present study 
(Fig.  1). A total of 598 catheters were included in the 
analysis (3 were excluded due to missing data).

Patient characteristics are detailed in Table 1.

Choice of RRT catheter insertion site
Table  2 shows the number of RRT catheters accord-
ing to the insertion site. Femoral site was chosen in 
53% (n = 319) of cases, jugular site in 43% (n = 256). As 
expected, the choice of subclavian site was very rare (less 
than 5%, n = 23). For the first catheter, among the 439 
catheters placed in jugular or femoral site (considering 
that for the subclavian placement, jugular or femoral was 
not an option), the sample proportion of 248/439 femoral 
placement (56.5%, 95% CI 51.7–61.2) was statistically sig-
nificantly different from a 50% expected proportion with 
p = 0.008 (z test to compare a single proportion to popu-
lation estimate).

In multivariate analysis (Table  3), continuous RRT 
modality was significantly associated with preference 
of femoral site as the first choice [OR = 2.22 (95% CI 
1.28–3.86), p = 0.005]. On the opposite, higher weight 
was associated with preference for jugular site [OR = 0.99 
(95% CI 0.98–0.99), p = 0.03]. Investigator site was also 
significantly associated with the choice of insertion site 
(between femoral and jugular) in multivariate analysis 



Page 4 of 10Benichou et al. Ann. Intensive Care           (2021) 11:56 

(p = 0.03). The percentage of variance explained by the 
investigator center was of 10.5%.

Duration of use and reasons for catheter replacement
Overall median duration of catheter use was 5  days for 
both femoral (IQR 2–8), and jugular (IQR 3–8) catheters 
(log rank test p = 0.84, Fig. 2).

In a Fine and Gray competing risk model analysis 
weighted on inverse probability weighting treatment with 
death as competing event (Additional file  4: Table  S4, 
Additional file 6: Figure S2), probability of first catheter 
replacement did not differ between femoral and jugular 
site [sHR = 0.90 (95% CI 0.64–1.25), p = 0.67, Additional 
file 5: Figure S1].

Cumulative incidence of first catheter replacement at 
day 7 were, respectively, 0.2 (95% CI 0.14–0.26) for femo-
ral and 0.19 (95% CI 0.12–0.25) for jugular site (p = 0.77, 
Table 4).

Reasons for first catheter replacement (Table  5) were 
not different for femoral and jugular sites. The main rea-
son was dysfunction [26/49 for femoral (53.1%), 16/36 for 

jugular (44.4%)]. All sub-clavian catheter replacements 
resulted from dysfunction. The absolute rates of replace-
ment for dysfunction among all catheters were 10.4% 
(26/248) for femoral and 8.4% (16/191) for jugular site.

Of note, suspected infection led to 14 (28.6%) replace-
ments in femoral group and 15 (41.7%) in jugular group; 
whereas, infection leading to replacement was docu-
mented in only 1 and 3 instances for femoral and jugular 
sites, respectively.

Catheter‑related complications
Catheter-related complications according to insertion 
site are detailed in Table 6.

Rates of catheter-related bloodstream infections (bac-
teremia or fongemia) were rare and not different between 
femoral and jugular sites (respectively, 3.1‰ and 4.4‰ 
catheter-days). Rates of catheter-related infections 
according to randomization arm (i.e., RRT initiation 
strategy) are provided in the Additional file 7: Table S7.

No pneumothorax nor hemothorax directly related to 
RRT catheter insertion occurred during the study. One 

Pa�ents included in AKIKI trial
n=619

Pa�ents who did not receive RRT
n=157

Pa�ents who received RRT
n=462

Excluded from analysis
(missing data)
n=3 pa�ents

n=459 pa�ents, 601 RRT catheters

Final database for analysis
n=598 RRT catheters

Excluded from analysis
(missing data for the inser�on site)

n=3 catheters

n=319 in femoral site 
n=256 in jugular site 

n=23 in sub clavian site 

n=459 first RRT catheters

n=248 in femoral site 
n=191 in jugular site 

n=20 in sub clavian site (excluded from 
the analysis of factors associated with 

inser�on site choice and dura�on of use)

Fig. 1 Flow chart
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catheter-related gas embolism and 1 catheter-related fis-
tula occurred in the femoral site. Rate of catheter-related 
bleeding requiring transfusion or hemostatic proce-
dure was very rare and similar in both sites [2 for femo-
ral (0.6%) and 2 for jugular (0.8%)]. Finally, we observed 
very few symptomatic deep venous thromboses (2 among 
femoral catheters, and 3 among jugular ones).

Discussion
In this prospective study of RRT catheters among criti-
cally ill patients with severe acute kidney injury in 31 
French ICUs, femoral site was preferentially used, before 
jugular site. The choice of insertion site depended on 
RRT modality (femoral site was more frequently chosen 
for continuous modality), patient weight (jugular site was 
preferred for higher weight patients) and investigator 
study center habits. The rate of dysfunction and compli-
cations did not differ between jugular and femoral cath-
eters. Suspicion of infection led to replacement of many 

catheters but was actually seldom proven, and the inci-
dence of clinically significant infection was quite low.

The main objective of this study was to show a «real-
life» use of RRT catheters in a large population of ICU 
patients. We took advantage of our recently published 
large multicenter randomized controlled trial (AKIKI) 
involving severely ill patients (acute kidney injury stage 3 
and mostly receiving mechanical ventilation and catecho-
lamine infusion), although one should note that patients 
with life-threatening complications of severe AKI such as 
severe hyperkalemia were excluded from the trial, thus 
limiting generalizability of our findings in this popula-
tion. Few years after the publication of an important RCT 
on the topic of RRT catheters [9, 10], the present study 
provides an interesting snapshot of RRT catheter use in 
the ICU in France. Furthermore, one should note that 
our study population included more severe patients than 
the aforementioned trial (85% receiving catecholamines 
vs 35–40%), thus providing interesting data in this par-
ticular population.

The small difference regarding the choice of the inser-
tion site (between femoral and jugular) is probably the 
consequence of the guidelines [6, 15] leaving the choice 
between the 2 sites. These guidelines are based on the 
results of the CATHEDIA study [9, 10, 23]. This French 
multicenter RCT published in 2008 included 736 dia-
lyzed ICU patients and found no difference in terms of 
infectious complications (colonizations and bloodstream 
infections) [9] nor in dysfunctions of catheters [10] 
between these two sites. Choice of the site of insertion 
for the second catheters, which were probably placed in 
less urgent situations, were similar. These findings sug-
gest that the conclusions of this trial have been adopted 
by clinicians, who do not hesitate to use femoral site.

Of note, subclavian site was the choice for 4% of the 
first catheters used. This site has been prohibited in every 
nephrology recommendation for many years, because 
of the important risk of thrombosis or stenosis of the 
subclavian vein. Indeed, such a complication hampers a 
potential creation of arteriovenous fistula, a major issue 
in patients with AKI who are now considered to be at risk 
of end stage renal failure [1–8].

Higher weight was associated with preference for 
jugular site insertion, in agreement with the demonstra-
tion of a significantly lower incidence of colonization in 
the jugular compared to femoral site by the CATHEDIA 
study sub-group analysis [9] in patients with a BMI > 28.4. 
Noteworthy, however, is the fact that we did not record 
BMI. To our knowledge, our study is the first to show 
that RRT modality impacts the choice of RRT catheter 
site, continuous RRT (CRRT) being associated with more 
femoral catheterization. This finding fits with the higher 
proportion of femoral RRT catheters (67%) used in the 

Table 1 Characteristics of the patients at baseline

All data at enrollment. Plus–minus values are means ± SD (standard deviation)
a Chronic renal failure defined as eGFR < 60 ml/mn
b ARDS: Berlin definition
c The Simplified Acute Physiology Score (SAPS) III ranges from 0 to 146, with 
higher scores indicating more severe disease and a higher risk of death
d The Sepsis‐related Organ Failure Assessment (SOFA) score ranges from 0 to 24, 
with higher scores indicating more severe organ failure

Characteristics Patients (n = 459)

Sex (men/women) n (%) 310/149 (67.5 / 32.5)

Age (year) (± SD) 65.6 (± 13.7)

Weight (± SD) 85.5 (± 22.2)

Chronic renal  failurea n (%) 43 (9)

Congestive heart failure n (%) 41 (9)

Ischemic heart disease n (%) 43 (9)

Hypertension n (%) 235 (51)

Diabetes mellitus n (%) 121 (26)

Invasive mechanical ventilation n (%) 394 (86)

ARDSb n (%) 156/456 (34)

SAPS  IIIc (± SD) 73.4 (± 14.0)

SOFAd (± SD) 11.2 (± 3.0)

Central venous catheter n (%) 411 (90)

Table 2 Number of catheters according to insertion site

Insertion site Total First Second Third and ≥ 

Femoral 319 (53%) 248 (54%) 49 (52%) 22 (43%)

Jugular 256 (43%) 191 (42%) 44 (46%) 21 (53%)

Sub‑clavian 23 (4%) 20 (4%) 2 (2%) 1 (3%)

Total 598 (100%) 459 95 44



Page 6 of 10Benichou et al. Ann. Intensive Care           (2021) 11:56 

Table 3 Factors potentially associated with the choice of insertion site in univariate and multivariate analyses (between femoral and 
jugular for the first catheter, n = 439)

a p values: Pearson’s Chi-squared for qualitative data and Wilcoxon rank sum test for quantitative data test.
b p values: associated to multivariate logistic regression model.
c Hemorrhagic risk: ≥ one of the following criteria: platelets < 100 G/L, prothrombin ratio < 50%, anticoagulation therapy.
d Investigator center is a variable with 32 levels.
e p value associated with investigator center: This center effect was evaluated by estimating the corresponding random effect variance component. The variance of 
center variable was of 0.38 (95% CI, 0.28–0.89). We also estimated the percentage of variance explained by the effect center and it was of 10.5%
f Collinearity control: variance inflation factor (VIF) was lower than 1.5, thus judged adequate, for each fixed predictor (Additional file 3: Table S3).

Variablef Femoral (n = 248) Jugular (n = 191) Univariate analysis Multivariate analysis

p  valuesa OR (CI 95) p  valuesb

Randomization arm:delayed group 81 (32.7%) 68 (35.6%) 0.52 0.97 (0.59–1.58) 0.89

Age—years 64.51 (14.62) 66.21 (12.54) 0.44

Age > 70 years 103 (41.5%) 77 (40.3%) 0.80 1.08 (0.66–1.76) 0.78

Sex (Male) 174 (70.2%) 122 (63.9%) 0.16 1.43 (0.89—2.37) 0.16

Weight at randomization—mean (SD) 83.21 (19.9) 88.92 (25.2) 0.07 0.99 (0.98–0.99) 0.03

Peripheral vascular disease 35 (14.1%) 21 (11%) 0.33 1.46 (0.70–3.07) 0.32

ARDS at randomization 88/246 (35.8%) 61/190 (32.1%) 0.42 1.00 (0.59–1.68) 0.99

SAPS 3 score at randomization – mean (SD) 73.6 (15.5) 73.5 (12.5) 0.81 1.00 (0.98 – 1.01) 0.58

Invasive mechanical ventilation 211 (85.1%) 164 (85.9%) 0.82 0.85 (0.41 – 1.73) 0.38

Hemorrhagic risk c 172/225 (76.4%) 124/166 (74.7%) 0.69 1.01 (0.59 – 1.72) 0.98

Modality of first RRT Continuous 125 (50.6%) 75 (39.3%) 0.02 2.22 (1.28 – 3.86) 0.005

Investigator  centerd – – – – 0.03e

Fig. 2 Duration of catheter use. Legend: Median duration of use was 5 days for both femoral (IQR 2–8), and jugular (IQR 3–8) catheters (p = 0.84)
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RENAL study [24] compared to our trial, as it assessed 
optimal dialysis dose among CRRT-treated patients only. 
One should hypothesize that patients receiving intermit-
tent RRT modality are more susceptible to be mobilized 

(sitting position) between the sessions. In this condition, 
some intensivists may avoid femoral site due to the risk of 
femoral thrombosis.

Table 4 Cumulative incidence of catheter replacement and death according to insertion site (first catheter, jugular or femoral)

Event Site Cumulative incidence (CI 95) p value

Day 7 Day 14 Day 21

Catheter replacement Femoral 0.2 (0.14–0.26) 0.29 (0.2–0.37) 0.41 (0.29–0.53) 0.770

Jugular 0.19 (0.12–0.25) 0.34 (0.24–0.45) 0.37 (0.25–0.48)

Death Femoral 0.23 (0.17–0.29) 0.36 (0.27–0.45) 0.39 (0.29–0.5) 0.590

Jugular 0.21 (0.14–0.27) 0.3 (0.21–0.39) 0.35 (0.22–0.48)

Table 5 Reasons for first catheter replacement according to insertion site

Reason for catheter replacement Total Femoral Jugular Sub‑clavian

Dysfunction 47 (52.2%) 26 (53.1%) 16 (44.4%) 5 (100%)

Thrombosis 1 (1.1%) 1 (2%) 0 (0%) 0 (0%)

Catheter infection suspicion 29 (32.2%) 14 (28.6%) 15 (41.7%) 0 (0%)

Proven catheter infection 4 (4.4%) 1 (2%) 3 (8.3%) 0 (0%)

Other 9 (10%) 7 (14.3%) 2 (5.6%) 0 (0%)

Total 90 49 36 5

Table 6 Possible catheter‑related complications according to insertion site (all catheters)

All complications above are «catheter related» except «bloodstream infections without cause»

P values: Fisher’s exact test for count data. No p value calculated for incidence rate and incidence density because the two samples were not independent. Patients 
could have a femoral and jugular catheter
a All percentages are expressed as number of events per number of catheters except for incidence rate and incidence density
b Incidence rate: number of patients contracting an infection per number of patients at risk (272 patients under femoral catheter and 221 patients under jugular 
catheter)
c Incidence density: number of infection per 1000 catheter-days

Femoral (n = 319 
catheters)

Jugular (n = 256 
catheters)

Sub‑clavian (n = 23 
catheters)

p values 
(femoral vs 
jugular)

Infectious complications

Catheter‑related bloodstream infections

  Numbera 6 (1.9%) 7 (2.7%) 0 0.58

 Incidence rate (%)b 2.2% 3.2% –

 Incidence density (‰ catheter‑days)c 3.1‰ 4.4‰ –

 Bloodstream infections without  causea 5 (1.6%) 1 (0.4%) 0 0.23

Mechanical complicationsa

Pneumothorax 0 0 0 1.00

Hemothorax 0 0 0 1.00

Gas embolism 1 (0.3%) 0 0 1.00

Fistula 1 (0.3%) 0 0 1.00

Bleeding requiring transfusion or hemostatic 
 procedurea

2 (0.6%) 2 (0.8%) 0 1.00

Thrombotic complicationsa

Symptomatic deep venous  thrombosisa 2 (0.6%) 3 (1.2%) 0 0.66
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Quite surprisingly, hemorrhagic risk (defined as at least 
one of the following criteria: platelets < 100 G/L, pro-
thrombin ratio < 50%, curative anticoagulation therapy) 
was not associated with insertion site, unlike results from 
a secondary analysis of the ATN trial [25], that showed 
a tendency to place more femoral catheters in coagu-
lopathic patients. It should be mentioned that the use 
of antiplatelets agents was not recorded in our study 
though.

We acknowledge that central venous infusion catheters 
site (femoral or jugular) was not known at randomiza-
tion in the AKIKI trial. This could be an important fac-
tor involved in the choice of RRT catheter insertion site, 
given that 90% of patients had central venous lines at 
baseline.

The first reason for first catheter replacement was dys-
function (approximately half of cases) in both jugular 
and femoral site. Rate of dysfunction leading to catheter 
replacement among first catheters (around 10%) was sim-
ilar to that previously reported in the literature, notably 
in the CATHEDIA study [10]. Unfortunately, we were not 
able to provide the information of left versus right jugular 
insertion. One should know that in the CATHEDIA trial, 
dysfunctions were more frequent in left jugular site than 
in right jugular and femoral sites.

We found a high incidence (around 30%) of catheter 
replacement related to infection suspicions; whereas, 
only a few infections were actually proven (around 4% of 
catheter replacements). This underlines the lack of reli-
able diagnostic technique for catheter-related infections 
[26, 27]. These unnecessary changes of catheters have 
negative consequences such as waste of time and inher-
ent risks of new catheter insertion.

Only 6 (3.1‰ catheter-days) catheter-related blood-
stream infections in femoral and 7 (4.4‰ catheter-days) 
in jugular site were found. These are rather low rates 
(even if we aggregate the number of catheter-related 
bloodstream infections with those of unknown origin) 
in this population of very severe and fragile patients, 
especially given the fact that RRT catheters might be 
associated with more CRBIs than other central cath-
eters [28]. These results, similar to those from recent 
studies [29, 30], reflect the progress achieved during 
the last years regarding infection prevention and cath-
eter care [31, 32], due to generalization of infection-
control «bundles», mainly sterile precautions at the 
time of catheter insertion and at each manipulation [6, 
16, 33–36]. The short duration of catheter use in our 
study (median 5 days) also highlights the importance of 
prompt removal of unnecessary catheters. Even more 
importantly, it seems obvious that the best way to pre-
vent catheter-related infection is to avoid unnecessary 

catheter insertion. This is particularly true in that study 
which stems from an RCT showing the inutility of 50% 
of RRT initiation: indeed, there were twice as many 
patients with catheter-related bloodstream infection in 
the early initiation arm (10%) compared to the delayed 
strategy (5%) of the AKIKI trial [18].

No mechanical complication (pneumothorax and 
hemothorax) related to RRT catheters occurred, among 
our 459 patients, 598 catheters (including 256 jugular 
and 20 subclavian insertion sites). This may be due to 
the generalization of ultrasound guidance for catheter 
placement [37] which was strongly recommended at 
the time of AKIKI (6, 16, 38–40) for jugular site and for 
femoral site although we did not record the proportion 
of ultrasound guidance in the present study.

Our study has potential limitations, mostly driven 
by its ancillary design, within a RCT not directly aim-
ing at investigating RRT catheters. First, proportions of 
left and right jugular catheters were not collected. Sec-
ond, use of echography to guide catheter insertion was 
not recorded. Third, position (femoral or jugular) of 
central venous catheters already in place for fluid and 
drug administration at randomization was not known. 
This could have influenced the choice of RRT catheter 
insertion site. Fourth, the definitions of catheter dys-
function, thrombosis and suspicion of infection were 
not prespecified during the AKIKI trial but left to the 
appreciation of investigators. Fifth, duration or inter-
vals between RRT sessions and clinical surveillance of 
insertion sites were left at discretion of the physicians, 
which might have influenced rate and time to catheter 
replacement. Of note, analyses regarding exposures 
associated with insertion site, rate and time to catheter 
replacement were limited to first catheter per patient, 
limiting generalizability of our findings to this situation.

Conclusion
Femoral site was preferentially used in this observa-
tional study of RRT catheters in 31 French intensive 
care units. The choice of insertion site depended on 
RRT modality, patient weight and investigating center 
habits. There were similar rates of dysfunctions and 
complications between femoral and jugular sites.

We found a high incidence of undue catheter replace-
ment related to infection suspicion, whereas only a few 
proven catheter infections actually occurred. There-
fore, one interesting research focus could be trying to 
develop more accurate diagnosis techniques of cath-
eter related infections to avoid undue RRT catheter 
changes. Unnecessary RRT should be avoided to mini-
mize catheter-related complications.
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