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BACKGROUND
Three anatomical sites are commonly used to insert central venous catheters, but 
insertion at each site has the potential for major complications.

METHODS
In this multicenter trial, we randomly assigned nontunneled central venous catheter-
ization in patients in the adult intensive care unit (ICU) to the subclavian, jugular, 
or femoral vein (in a 1:1:1 ratio if all three insertion sites were suitable [three-
choice scheme] and in a 1:1 ratio if two sites were suitable [two-choice scheme]). 
The primary outcome measure was a composite of catheter-related bloodstream 
infection and symptomatic deep-vein thrombosis.

RESULTS
A total of 3471 catheters were inserted in 3027 patients. In the three-choice com-
parison, there were 8, 20, and 22 primary outcome events in the subclavian, jugu-
lar, and femoral groups, respectively (1.5, 3.6, and 4.6 per 1000 catheter-days; 
P = 0.02). In pairwise comparisons, the risk of the primary outcome was signifi-
cantly higher in the femoral group than in the subclavian group (hazard ratio, 3.5; 
95% confidence interval [CI], 1.5 to 7.8; P = 0.003) and in the jugular group than 
in the subclavian group (hazard ratio, 2.1; 95% CI, 1.0 to 4.3; P = 0.04), whereas 
the risk in the femoral group was similar to that in the jugular group (hazard ratio, 
1.3; 95% CI, 0.8 to 2.1; P = 0.30). In the three-choice comparison, pneumothorax 
requiring chest-tube insertion occurred in association with 13 (1.5%) of the sub-
clavian-vein insertions and 4 (0.5%) of the jugular-vein insertions.

CONCLUSIONS
In this trial, subclavian-vein catheterization was associated with a lower risk of 
bloodstream infection and symptomatic thrombosis and a higher risk of pneumo-
thorax than jugular-vein or femoral-vein catheterization. (Funded by the Hospital 
Program for Clinical Research, French Ministry of Health; ClinicalTrials.gov num-
ber, NCT01479153.)
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Subclavian, jugular, and femoral 
central venous catheterization are associated 
with infectious, thrombotic, and mechani-

cal complications.1 Catheter-related bloodstream 
infection has a significant effect on morbidity, 
mortality, and health care costs.2-4 The risk of 
short-term catheter-related bloodstream infec-
tion is influenced mainly by extraluminal micro-
bial colonization of the insertion site,5 and such 
colonization is also associated with thrombo-
sis.6,7 Although the importance of catheter-related 
deep-vein thrombosis has been debated,1 all 
thromboses have the potential to embolize. In 
addition, catheter-related deep-vein thrombosis7-9 
and pulmonary embolism10 may remain undiag-
nosed in critically ill patients undergoing me-
chanical ventilation.11

We conducted the 3SITES multicenter study 
to evaluate the risk of catheter-related blood-
stream infection or symptomatic catheter-related 
deep-vein thrombosis in adult patients who had 
been admitted to an intensive care unit (ICU). 
On the basis of our previous meta-analysis,12 we 
hypothesized that the risk of these major com-
plications would differ according to the site of 
catheter insertion.

Me thods

Study Design and Oversight

The 3SITES study was a multicenter randomized, 
controlled trial conducted in four university-
affiliated hospitals and five general hospitals, 
representing 10 ICUs, in France from December 
2011 through June 2014. The study was supported 
by funds from the French Ministry of Health 
Programme Hospitalier de Recherche Clinique 
National to the Délégation de la Recherche Cli-
nique et de l’Innovation of the Caen University 
Hospital. The first author designed the study. 
CareFusion provided chlorhexidine products free 
of charge; no other commercial entity contributed 
to this trial. The research ethics committee at 
Caen University approved the study protocol (avail-
able with the full text of this article at NEJM.org) 
for all the participating centers. The first author 
analyzed the data and vouches for the accuracy 
and completeness of the reported data and for 
the fidelity of the study to the protocol.

Patients and Randomization

Patients 18 years of age or older were eligible for 
the study if they were admitted to the ICU, re-

quired nontunneled central venous vascular ac-
cess through a new venipuncture, and were 
considered by the physician inserting the cathe-
ter to be suitable candidates for venous catheter-
ization in at least two of the following three 
sites: the subclavian veins, the jugular veins, or 
the femoral veins. The determination that a ve-
nous access site was suitable (or usable) for 
catheterization was based on clinician judgment. 
More than one catheter per patient could be in-
cluded in the trial. Written informed consent 
was obtained from all participants or from their 
proxies in cases of impaired decision-making 
capacity at the time of enrollment.

If all three venous access sites (subclavian, 
jugular, and femoral) were considered suitable 
for catheter placement, the catheterization site 
was assigned in a 1:1:1 randomization scheme 
(three-choice scheme). If one of the three sites 
was not suitable on both the left and right sides 
of the body, the catheterization site was assigned 
in a 1:1 randomization scheme for the other two 
sites (two-choice scheme), an approach termed 
“selective exclusion.”13 If only one site was suit-
able, that catheterization procedure was not in-
cluded in the study. Randomization was strati-
fied according to ICU and according to the use 
of antibiotic therapy versus no use of antibiotic 
therapy14; it was implemented by means of a 
centralized 24-hour, web-based or telephone 
interactive computerized response system (EOL, 
MedSharing), with the use of permuted-block 
randomization with varying block sizes.

Trial Procedures

All participating ICUs followed the French Haute 
Autorité de Santé checklist15 and U.S. guidelines 
for preventing catheter-related infections.16 Resi-
dents or staff physicians who had performed at 
least 50 previous procedures inserted the cathe-
ters or supervised the catheterization in the ICU. 
Maximal sterile barrier precautions were used, 
including surgical hand antisepsis,17 sterile gloves, 
surgical long-sleeved gowns, caps, and masks. 
Patients were covered by sterile drapes. Antisep-
tics, dressing, and catheter products are listed 
according to participating ICU in Table S1 in the 
Supplementary Appendix, available at NEJM.org. 
None of the study catheters were antiseptic-
impregnated, antibiotic-impregnated, or tunneled.

Catheterization was achieved by means of the 
Seldinger technique with the use of anatomical 
landmarks or ultrasonographic guidance. After 
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jugular and subclavian catheterizations, chest 
radiography was used to confirm the position of 
the catheter tip inside the superior vena cava and 
to assess for pneumothorax. Catheters were not 
used for routine blood sampling or renal re-
placement therapy.

Decisions to remove catheters were made in-
dependently by the physicians caring for each pa-
tient. After aseptic removal, the catheter tips were 
sent for quantitative culture.18 Peripheral blood 
for culture was systematically drawn at the time 
of catheter removal (details are provided in the 
Supplementary Appendix). Patients discharged 
from the ICU with the catheter in place had 
blood drawn for culture simultaneously from a 
peripheral vein and the central venous catheter 
to determine the differential time to positivity.

Within 2 days after removal of the catheter, 
compression ultrasonography was performed 
at the insertion site to confirm symptomatic 
catheter-related deep-vein thrombosis and to de-
tect asymptomatic deep-vein thrombosis. Cases 
of symptomatic deep-vein thrombosis and cases 
of asymptomatic deep-vein thrombosis were com-
bined for some analyses and referred to as total 
deep-vein thrombosis. Data on asymptomatic 
deep-vein thrombosis were missing for all pa-
tients who died or were discharged from the ICU 
with the catheter in place.

External, independent clinical monitors vali-
dated a randomly selected 12% of the data and 
all primary and secondary outcomes. Patients 
were followed until ICU discharge or death.

Outcomes

The primary outcome was the incidence of major 
catheter-related complications from the time of 
catheter insertion to 48 hours after catheter re-
moval; major complications were defined as the 
composite of catheter-related bloodstream in-
fection (Medical Dictionary for Regulatory Activities 
[MedDRA], version 17, code 10064687, grade 3 
or higher) and symptomatic deep-vein thrombo-
sis (MedDRA, version 17, code 10062169, grade 3 
or higher), whichever occurred first (see the defi-
nitions in Table S2 in the Supplementary Appen-
dix). Key secondary outcomes included the time 
to catheter-tip colonization and time to total 
deep-vein thrombosis after catheter removal.

A diagnosis of catheter-related bloodstream 
infection required catheter-tip colonization with 
the same phenotypic microorganism isolated 
from a peripheral blood culture.16 For a diagnosis 

of catheter-related bloodstream infection with a 
potential skin contaminant, two separate periph-
eral-blood cultures had to grow the same micro-
organism that colonized the catheter tip. Colo-
nization of the catheter tip was defined as 1000 
or more colony-forming units per milliliter.18 An 
adjudication committee that was unaware of the 
study-group assignments reviewed all suspected 
cases of catheter-related bloodstream infection.

If a patient had signs or symptoms of catheter-
related deep-vein thrombosis, compression ultra-
sonography was used to confirm the diagnosis. 
The ultrasonography-confirmed diagnosis served 
as the deep-vein thrombosis component of the 
primary outcome.

The secondary safety outcome was the rate 
of major mechanical complications (grade 3 or 
higher) during insertion of the central venous 
catheter and follow-up. Mechanical complications 
were defined in accordance with the modified 
National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.0 (defini-
tions are provided in Table S2 in the Supplemen-
tary Appendix), with the modification that pneu-
mothorax requiring chest-tube insertion was 
classified as grade 3 instead of grade 2.

Statistical Analysis

Our sample-size estimation is described in the 
Supplementary Appendix. We estimated that a 
total sample of 3333 catheters was required, 
given our initial assumptions about the inci-
dence of catheter-related complications.

The statistical unit of analysis was the cath-
eter. Analyses followed the intention-to-treat 
principle. A per-protocol sensitivity analysis ex-
cluded catheters that were not inserted in the 
allocated site and side of the body because of 
failure to gain vascular access. For cases in 
which catheter-tip culture data and blood-culture 
data were missing, follow-up was censored at 
catheter removal or at ICU discharge with the 
catheter, whichever occurred first. Complete 
case and multiple-imputation sensitivity analy-
ses were also performed (described in the Sup-
plementary Appendix).

The incidence of the primary outcome was 
compared among the three insertion sites in the 
three-choice comparison with the use of the 
overall log-rank test. Pairwise comparisons were 
conducted (combining insertion-site groups from 
among the catheters that were randomized in the 
three-choice scheme with the relevant groups from 
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the relevant two-choice scheme [Fig. 1]) with the 
use of a Cox model that included catheter site, 
stratification variables, and design variables (inclu-
sion in the three-choice or the relevant two-choice 
scheme).13 A robust sandwich covariance estimate 
was used to account for a possible clustering 
effect of multiple catheters per patient. A sub-
sample sensitivity analysis that included one 
randomly selected catheter per patient was per-
formed. The proportionality assumption was con-
firmed visually and tested by including the site as 
a time-dependent covariate in the Cox model.

The intention-to-treat secondary safety outcome 
was analyzed by means of a random-intercept lo-
gistic regression. Planned subgroup analyses of the 
primary outcome were conducted by testing the 

interaction term between each pairwise compari-
son and the use of alcoholic chlorhexidine for cuta-
neous antisepsis,19-21 antibiotic treatment,14 antico-
agulation, body-mass index (the weight in kilograms 
divided by the square of the height in meters) 
greater than 28,9 and selective site exclusion.13 Sim
ilarly, subgroup analyses for the secondary safe-
ty outcome were conducted according to whether 
ultrasonography was used to guide insertion.22

We used SAS software, version 9.4 (SAS in-
stitute), for the statistical analyses. The Holm–
Bonferroni method23 was used to account for 
multiple testing of the primary outcome in the 
two superiority pairwise comparisons. Therefore, 
a P value of less than 0.025 was considered to in-
dicate statistical significance for the lower P value, 

Figure 1. Screening and Randomization of Catheter Insertions.

Pairwise comparisons combine insertion-site groups from among the catheters that were randomized in the three-
choice scheme with the relevant groups from the relevant two-choice scheme. For example, the subclavian insertion-
site group that was included in the subclavian-versus-femoral pairwise comparison included 878 catheters: the 843 
catheters assigned in the three-choice scheme (i.e., with all three sites available) plus the 35 catheters in patients 
for whom the jugular site was excluded.

3471 Underwent randomization
2532 Were assigned to 1:1:1
939 Were assigned to 1:1

7559 Catheter insertions were screened

4088 Were excluded because
only one site was available

1016 Were assigned to subclavian site
843 Had all sites available
138 Had femoral site excluded
35 Had jugular site excluded

1284 Were assigned to jugular site
845 Had all sites available
300 Had subclavian site excluded
139 Had femoral site excluded

1171 Were assigned to femoral site
844 Had all sites available
296 Had subclavian site excluded
31 Had jugular site excluded

866 Were inserted in assigned site
51 Were inserted in the femoral site
96 Were inserted in the jugular site
3 Were inserted in the contralateral

subclavian site

1174 Were inserted in assigned site
29 Were inserted in the subclavian site
61 Were inserted in the femoral site
20 Were inserted in the contralateral

jugular site

1114 Were inserted in assigned site
4 Were inserted in the subclavian site

51 Were inserted in the jugular site
2 Were inserted in the contralateral

femoral site

843 Were included in the intention-
to-treat three-choice comparison

878 Were included in the intention-
to-treat pairwise subclavian-versus-
femoral comparison

981 Were included in the intention-
to-treat pairwise subclavian-versus-
jugular comparison

844 Were included in the intention-
to-treat three-choice comparison

875 Were included in the intention-
to-treat pairwise femoral-versus-
subclavian comparison

1140 Were included in the intention-
to-treat pairwise femoral-versus-
jugular comparison

845 Were included in the intention-
to-treat three-choice comparison

984 Were included in the intention-
to-treat pairwise jugular-versus-
subclavian comparison

1145 Were included in the intention-
to-treat pairwise jugular-versus-
femoral comparison
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and a P value of less than 0.05 was considered to 
indicate significance for the higher P value.

R esult s

Baseline and Procedural Characteristics  
and Follow-up

A total of 3027 patients were included in the study. 
A total of 3471 catheters (1284 jugular, 1171 femo-
ral, and 1016 subclavian) were included, of which 
2532 (72.9%) were randomly assigned in the three-
choice scheme (845 jugular, 844 femoral, and 
843 subclavian) (Fig. 1). The reasons for excluding 
one of the three sites are provided in the Table S3 
in the Supplementary Appendix. Catheters were 
inserted in the randomly assigned site and side in 
3154 cases (90.9%) overall, including 866 cases 
(85.2%) assigned to the subclavian site, 1174 
cases (91.4%) assigned to the jugular site, and 1114 
cases (95.1%) assigned to the femoral site (Fig. 1).

The characteristics of the patients at baseline 
according to the site of catheter insertion were 
well balanced between the groups within the 
three-choice comparison and the three pairwise 
comparisons (Table 1). Catheter-related and pro-
cedural characteristics are shown in Table 2. The 
use of anatomical landmarks was more frequent 
in the subclavian and femoral groups than in the 
jugular group. Catheterization was performed 
more quickly in the femoral group than in either of 
the other two groups. Alcohol-based products were 
the predominant cutaneous antiseptics used for 
cleaning the catheter insertion site; the frequency 
of the use of chlorhexidine-containing products 
was similar among the different insertion sites.

The median duration of catheter use was 5 days 
for each of the three insertion sites (Table 2). No 
patients were lost to follow-up. Catheter-tip cul-
tures and peripheral-blood cultures were missing 
in 101 cases (2.9%). Data on asymptomatic deep-
vein thrombosis were missing in 2049 cases (59.0%).

Catheter-Related Infection and Symptomatic 
Deep-Vein Thrombosis

In the three-choice comparison, there were 50 
nonduplicate primary outcome events (i.e., events 
that did not occur in the same catheter), and their 
incidence differed according to the randomly 
assigned site of catheter insertion, with 8 events 
in the subclavian group, 20 events in the jugular 
group, and 22 events in the femoral group (1.5, 
3.6, and 4.6 per 1000 catheter-days, respectively; Ta
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P = 0.02) (Fig.  2). Corresponding Kaplan–Meier 
curves showed a constant increase in risk for 
each insertion-site group (Fig. S1 and S2 in the 
Supplementary Appendix). In pairwise compari-
sons for the primary outcome in groups from 
the three-choice and two-choice schemes com-
bined (Table 3), the risk of the primary outcome 
was significantly higher in the femoral group 
than in the subclavian group (hazard ratio, 3.5; 
95% confidence interval [CI], 1.5 to 7.8; P = 0.003) 
and in the jugular group than in the subclavian 
group (hazard ratio, 2.1; 95% CI, 1.0 to 4.3; 
P = 0.04), whereas the risk in the femoral group 
was similar to that in the jugular group (hazard 
ratio, 1.3; 95% CI, 0.8 to 2.1; P = 0.30).

In a sensitivity analysis that included one 
randomly selected catheter per patient, the results 
were consistent with those in the primary analy-
sis (Table S4 in the Supplementary Appendix). 
Differences between the subclavian group and 
the other two groups were larger in the per-
protocol sensitivity analysis (Table S5 in the Supple-
mentary Appendix), because half of the catheter-
related bloodstream infections in the subclavian 
group occurred in catheters that were, in fact, 
inserted elsewhere. The results of complete-case 
and multiple-imputation sensitivity analyses were 
consistent with those in the primary analysis 
(Table S6 in the Supplementary Appendix).

The results for the secondary outcomes of 
catheter-tip colonization and total deep-vein 
thrombosis also favored the subclavian group 
(Table 3). Kaplan–Meier curves of these data are 
shown in Figures S3 and S4 in the Supplemen-
tary Appendix, respectively. The causative patho-
gens identified in each case of catheter-related 
bloodstream infection and catheter-tip coloniza-
tion are shown in Table S7 in the Supplementary 
Appendix. Among the 171 blood samples drawn 
for culture to determine the differential time to 
positivity in patients discharged from the ICU 
with their central venous catheter in place, the 
one catheter-related bloodstream infection iden-
tified with the use of this method was subse-
quently confirmed in a catheter-tip culture.

Mechanical Complications

The frequency of major mechanical complications 
in the three-choice comparison (Fig. 2) differed 
according to insertion-site group (P = 0.047), with 
18 events in the subclavian group, 12 events in 
the jugular group, and 6 events in the femoral 
group. Pneumothorax accounted for 13 events in 
the subclavian group and 4 events in the jugular 
group. In the pairwise comparisons (Table  3), 
there were significantly fewer mechanical com-
plications in the femoral group than in the sub-
clavian group (odds ratio, 0.3; 95% CI, 0.1 to 0.8; 
P = 0.03), but there were no significant differ-
ences in the other pairwise comparisons.

Subgroup Analyses

None of the preplanned subgroup analyses 
showed a significant interaction for the primary 
outcome (Table S9 in the Supplementary Appen-
dix). With regard to major mechanical complica-
tions, there was a significant interaction between 
the use of ultrasonography and the comparison 
between the femoral group and the jugular group 
(P = 0.007), as well as a nonsignificant trend for 
an interaction between the use of ultrasonogra-
phy and the comparison between the femoral 
group and the subclavian group (P = 0.07); the 
differences between the groups in these two 
comparisons were larger when ultrasonography 
was not used to guide catheter insertion (Table 
S9 in the Supplementary Appendix).

Discussion

In this randomized, controlled trial, catheter-
ization of the subclavian vein was associated 

Figure 2. Complications in the Three-Choice Comparison, According to 
Insertion-Site Group.

The primary end point (the composite of symptomatic deep-vein thrombosis 
and bloodstream infection) differed significantly among the insertion-site 
groups (P = 0.02 by the log-rank test), as did the principal safety secondary 
end point (mechanical complications) (P = 0.047 by the chi-square test).
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with a reduced risk of the combined outcome 
of catheter-related bloodstream infection and 
symptomatic deep-vein thrombosis. This was true 
in a comparison with femoral-vein catheterization, 
as others have suggested,8 but also in a com-
parison with jugular-vein catheterization. These 
findings are consistent with the Centers for Dis-
ease Control and Prevention guideline for pre-
venting intravascular catheter-related infections, 
in which the recommendation is to “use a sub-
clavian site, rather than a jugular or a femoral 
site, in adult patients.”16 However, subclavian-
vein catheterization was associated with an in-
creased risk of mechanical complications.

The low incidence of catheter-related blood-
stream infection in the ICUs in our study is con-
sistent with data from other ICUs.24 Moreover, 
the differences in the incidences of catheter-
related bloodstream infection and symptomatic 
deep-vein thrombosis according to insertion site 
are consistent with the differences found in 
catheter-tip colonization and total deep-vein 
thrombosis. Of note, the incidence of total deep-
vein thrombosis should be interpreted with cau-
tion, because more than half of the inserted 
catheters had missing data for this secondary 
outcome, entirely because of missing data for 
asymptomatic patients.

There are probably several factors contributing 
to our findings. The subcutaneous course of the 
subclavian catheter before entry into the vein is 
generally longer than for the other two types. 
The subclavian insertion site has the lowest 
bacterial bioburden25,26 and is relatively protected 
against dressing disruption.27 Finally, subclavian 
catheters are associated with less thrombosis.7,8

The overall risk of mechanical, infectious, and 
thrombotic complications of grade 3 or higher 
was similar among the three insertion sites 
(Fig.  2), which suggests that an ideal site for 
central venous catheter insertion does not exist 
when all types of complications are considered 
to be of equal concern. However, the expected 
duration of catheterization is important, because 
the cumulative risk of infectious and thrombotic 
complications increases with increasing catheter 
exposure, whereas the risk of mechanical com-
plications does not. Furthermore, the mechani-
cal complications associated with subclavian 
catheter insertion can be limited by ultrasono-

graphic guidance28,29 and physician experience with 
the procedure.30 Pneumothorax, which accounted 
for most of the difference in mechanical compli-
cations among insertion sites in our study, can be 
diagnosed promptly and treated immediately. This 
may not be the case for catheter-related blood-
stream infection or deep-vein thrombosis. Deci-
sions regarding the choice of insertion site should 
therefore be considered on a case-by-case basis.

A number of limitations of this trial should 
be considered. The use of ultrasonographic guid-
ance during catheter insertion was not random-
ized. This may have influenced the risk of me-
chanical and infectious complications found in 
this study, although the reduction in catheter 
infection risk associated with the use of ultra-
sonography that was found in one randomized 
study22 was not confirmed in a subsequent large 
observational study.31 Daily chlorhexidine bath-
ing32,33 and chlorhexidine-impregnated dressings34 
were not used. Whether these measures influ-
ence the difference in infectious risk between 
insertion sites is unknown. Last, we did not study 
the use of peripherally inserted central venous 
catheters. Peripherally inserted central venous 
catheters have been associated with a risk of 
infection similar to that associated with central 
venous catheters among patients in the ICU and 
with a higher risk of thrombosis.35,36

In conclusion, in the 3SITES study, we found 
that catheterization of the subclavian vein was as-
sociated with a lower risk of the composite outcome 
of catheter-related bloodstream infection and symp-
tomatic deep-vein thrombosis than that associated 
with catheterization of either the jugular vein or 
femoral vein. However, subclavian-vein catheter-
ization was associated with a higher risk of me-
chanical complications, primarily pneumothorax.
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