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ABSTRACT

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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COMPLICATIONS OF CATHETERIZATION BY INSERTION SITE

UBCLAVIAN, JUGULAR, AND FEMORAL

central venous catheterization are associated

with infectious, thrombotic, and mechani-
cal complications.? Catheter-related bloodstream
infection has a significant effect on morbidity,
mortality, and health care costs.** The risk of
short-term catheter-related bloodstream infec-
tion is influenced mainly by extraluminal micro-
bial colonization of the insertion site,” and such
colonization is also associated with thrombo-
sis.*” Although the importance of catheter-related
deep-vein thrombosis has been debated,' all
thromboses have the potential to embolize. In
addition, catheter-related deep-vein thrombosis™
and pulmonary embolism'® may remain undiag-
nosed in critically ill patients undergoing me-
chanical ventilation.!

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,**> we
hypothesized that the risk of these major com-
plications would differ according to the site of
catheter insertion.

METHODS

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 '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.”” 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
therapy"; 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 checklist” and U.S. guidelines
for preventing catheter-related infections.!® 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, 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.”® 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 simultaneouslz from a
BeriBheral 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.' 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.’® 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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COMPLICATIONS OF CATHETERIZATION BY INSERTION SITE

7559 Catheter insertions were screened

4088 Were excluded because
only one site was available

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

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-

femoral comparison
981 Were included in the intention-

jugular comparison

to-treat pairwise subclavian-versus-

to-treat pairwise subclavian-versus-

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

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

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

for whom the jugular site was excluded.

catheters assigned in the three-choice scheme (i.e., with all three sites available) plus the 35 catheters in patients

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).’ 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,®* antibiotic treatment, antico-
agulation, body-mass index (the weight in kilograms
divided by the square of the height in meters)
greater than 28,° and selective site exclusion.”® Sim-
ilarly, subgroup analyses for the secondary safe-
ty outcome were conducted according to whether
ultrasonography was used to guide insertion.*

We used SAS software, version 9.4 (SAS in-
stitute), for the statistical analyses. The Holm-
Bonferroni method*® 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,
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and a P value of less than 0.05 was considered to
indicate significance for the higher P value.

RESULTS

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 freguent
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;
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Percentage of Catheters
with Complication
N
1

Femoral
(N=844)

Subclavian
(N=843)

1

o-j I
Jugular
(N=845)

Mechanical (grade =3)
W Symptomatic deep-vein
thrombosi

M Bloodstream infection

18 (2.1%)
4(0.5%)

12 (1.4%)
8 (0.9%)

6 (0.7%)
12 (1.4%)
4(0.5%)

12 (1.4%) 10 (1.29%)

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

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).

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

1226

Downloaded from nejm.org by JOHN VOGEL on September 23, 2015. For personal use only. No other uses without permission.

N ENGLJ MED 373;13 NEJM.ORG SEPTEMBER 24, 2015

The New England Journal of Medicine

Copyright © 2015 Massachusetts Medical Society. All rights reserved.


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



COMPLICATIONS OF CATHETERIZATION BY INSERTION SITE

pue dnoud Jendnl sy ui g6¢) 987 ‘(dnoud ueirepgns ayy Ul 9y¢ pue dnoud |eJowa) syl Ul 86€) 7/ d4am suosiiedwod asimited aaiy) ayy ul suolren|eas diydes3ouoselyn Jo siaquinu ay| i

‘xipuaddy Aiejuswiaiddns ay1 ur gS 9|qe | ul paisi| a4e uosiiedwod asimiled Yyoea Joj suoijedlduwiod [edluBYDaW SNoaue||9dsIW d412ads ay] [
"Ol1eJ pJezeyY B UBY] JaYyleJ ‘Uolssaidal o13s130| 1dadsajul-wiopuel Aq paandwiod oljes Sppo Ue S| suoljedljduwod [edlueydaw Jofew Joj anjeA ay] §
*(dnou3 seindnf ayy ur gG4 pue dnoud [esoway sy ul £6¥) 556 pue ‘(dnoid ueirepgns ayp ui /8¢

"S]USAS OM] pEY SJ919Y1ed awos L
"3|qeoidde

10U sajouap YN “juaited Jad siaayied ajdiynwi JUN0dE Ojul FuUIdE} S|BAISIUI 9DUSPLUOD JSNGOJ dJE SOIJe PIeZEY 10} S|BAIDIUI 9DUSPLUOD 3y "(SWBYDS 3210YD-0M] "SA 9DI0UD-231l)) S3|qe
-1ieA udisap pue (S 21301qIIUE PUEB 1UN S4B SAISUIUI) SI|GRIIBA UOITRDIIIRIS 4O} PIISNIPE 219M SOIjEL pJeZEY ||y ‘P1BDIPUI 3SIMISLIO SS3|UN SOIJES PIBZEY S4B ULUN|OD SIY} Ul SIN|BA 5

610
89°0
€000

¥0°0
180
0€0

anjeAd

§(r1-z0) 50
(e1-2°0) 60
(0z—z1) 91

(rs11D ¥e
(81-5°0) 60
(Tz-80 €1

2(1D 9%56)
oljey piezeH

& €

14 VN

i4 0

4 14

el L

8L 9

et 4!

6 0¢

1c ST

0¢ €€

Lyl 8599

SYIT oy1T
12quinu

Jendn(  |eowa4

600
100°0>
100°0>

6C°0
170
¥0°0

anjeA d

§(r'1-¢0) S0
(0561 T¢
(se-21) 5T

(6¥-970) 81
(z9-80) €
(ev-01) 1T

(1D 9%56)
oley piezeH

14

&
0¢
[4%

9

1T
1599
186

Jaquinu

uBIAB|DQNS

N N

69
¥01

0T
€1
e
€459
786

Jendnf

€00
100°0>
100°0>

00
8¥0°0
€000

anjeA d

§(8'0-1°0) €0
(es~21)0¢
(0s+2 ve

(e6-21) ve
(T11-01) V'€
(8-61) ¢

2(1D 9%56)
oney piezeH

31
61
6¢

14

8
6€LS
8.8

Jaquinu

ueIABDQNS

VN

9
£0T

ST
1T

8619

SL8

|elowio

Je|n3n[ snsian [eiowa4

UeIAB|DqNS ShsJaA Jejndn[

UBIAB[DQNS SNSJOA [BIOWD

[psnoauej@asipy
Xeioyjowinaud
BLIOJBLIDH
Kinfur [euauy

suon
-e21|dwod |ediueydaw Jole |

1soquiody} ulan-daag
uoljeziuo|od di-1919y1eD)
awod3ino A1epuodas

SISOQLUO.Y}
utan-daap onewoldwis

UOI1234Ul LUEIISPOO|g
Lawodino aysodwod Aiewd
skep-1a19y18D)

SEEE)

2wodinQ

*S9WO0INQ [l L 3y} 40§ suosiieduio) asimiled 1834 -03-UoIudU| *€ d[qeL

1227

SEPTEMBER 24, 2015

NEJM.ORG

N ENGL J MED 373;13

The New England Journal of Medicine

Downloaded from nejm.org by JOHN VOGEL on September 23, 2015. For personal use only. No other uses without permission.

Copyright © 2015 Massachusetts Medical Society. All rights reserved.



1228

The NEW ENGLAND JOURNAL of MEDICINE

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,® 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.”’® 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.** 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 bioburden** and is relatively protected
against dressing disruption.” Finally, subclavian
catheters are associated with less thrombosis.”®

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 guidance?®* and physician experience with
the procedure.?® 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
study? was not confirmed in a subsequent large
observational study.* Daily chlorhexidine bath-
ing*** and chlorhexidine-impregnated dressings**
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.**

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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Complications of Central Venous Catheterization

TO THE EDITOR: The results of the randomized
trial by Parienti et al. (Sept. 24 issue)' comparing
insertion sites for central venous catheterization
will help guide clinicians in their choice of sites.
We were surprised, however, that the authors did
not report the number of patients in each insertion-
site group who were receiving positive-pressure
ventilation. The increased positive end-expiratory
pressure and large tidal volumes associated with
mechanical ventilation can predispose a patient to
the development of pneumothorax. Some evidence
suggests that the risk of pneumothorax from sub-
clavian-vein catheterization may be higher among
patients receiving positive-pressure ventilation
than among those not receiving it.> Without
knowing how the outcomes are stratified accord-
ing to ventilation status, it is hard to fairly assess
the true risk profile of subclavian-vein access.
The authors correctly observe that “the cumu-
lative risk of infectious and thrombotic compli-
cations increases with increasing catheter expo-
sure.” We think the inference is worth stating
more plainly: one means of preventing infec-
tious complications from central venous cathe-
terization is prompt removal of the catheter when
it is no longer needed.?
David R. Vinson, M.D.
Dustin W. Ballard, M.D., M.B.E.

Permanente Medical Group
Oakland, CA
drvinson@ucdavis.edu
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TO THE EDITOR: We are concerned with the re-
porting by Parienti and colleagues of central-
catheter—associated bloodstream infections with
the use of Medical Dictionary for Regulatory Activities
definitions. These rates are inconsistent with
contemporaneous American and Australian data
on central-catheter—associated bloodstream infec-
tions defined according to the Centers for Dis-
ease Control and Prevention (CDC).'?

Data from the Victorian Healthcare Asso-
ciated Infection Surveillance System, based on
303,968 days of central venous catheter use at 29
intensive care units (ICUs) from 2009 through
2013, showed the statewide rate of catheter-
associated bloodstream infections to be 1.26 per
1000 catheter-days.? This is approximately 60%
of the aggregate 2.0 bloodstream infections per
1000 catheter-days reported in the 3SITES trial
by Parienti et al.

Our institution is a typical Australian tertiary
referral center. Local protocols for the insertion
of central venous catheters mandate the follow-
ing: skin preparation with topical chlorhexidine,
chlorhexidine-impregnated catheters, and ultra-
sonographic guidance.* The rate of central-
catheter—associated bloodstream infections in
local ICUs is 1.1 per 1000 catheter-days overall.
Moreover, the rate of attributable iatrogenic
pneumothorax in our ICU was 0 per 2221 inser-
tions of central venous catheters from 2013
through 2015. We suggest that the findings of
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the 3SITES trial are of limited external validity
to jurisdictions and sites that apply the above
catheter-insertion principles and different defini-
tions of central-catheter-associated bloodstream
infections.
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To THE EDITOR: The 3SITES trial provides site-
specific complication rates after central venous
catheterization and suggests the preferential use
of the subclavian vein in critical illness. Not con-
sidered, however, are long-term complications,
which might influence the choice of site, particu-
larly in the subgroup of patients who are likely to
require long-term dialysis.

Chronic central-vein stenosis is asymptomatic
in many persons but leads to malfunction of sur-
gically created arteriovenous fistulae in patients
receiving dialysis, in whom it often recurs after
venoplasty. Central-vein stenosis is particularly
associated with catheters in the subclavian vein
(as opposed to the internal jugular or femoral
vein),"? regardless of catheter size, even after
short-term use.?

This is of relevance to a growing proportion
of patients: between 1996 and 2010, the percent-
age of critically ill patients who initiated dialysis
during intensive care increased by a factor of
almost 4, with up to a quarter of surviving pa-
tients remaining permanently dependent on dialy-
sis.* The subclavian venous site may provide
short-term benefits, but in those who may face
permanent renal failure, this site has longer-
term disadvantages that need consideration.
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Damien R. Ashby, M.R.C.P., Ph.D.

Hammersmith Hospital
London, United Kingdom
rcorbett@imperial.ac.uk
No potential conflict of interest relevant to this letter was re-
ported.

1. Herndndez D, Diaz F, Rufino M, et al. Subclavian vascular
access stenosis in dialysis patients: natural history and risk fac-
tors. ] Am Soc Nephrol 1998;9:1507-10.

2. Schillinger F, Schillinger D, Montagnac R, Milcent T. Post
catheterisation vein stenosis in haemodialysis: comparative angio-
graphic study of 50 subclavian and 50 internal jugular accesses.
Nephrol Dial Transplant 1991;6:722-4.

3. Cimochowski GE, Worley E, Rutherford WE, Sartain J, Blon-
din J, Harter H. Superiority of the internal jugular over the sub-
clavian access for temporary dialysis. Nephron 1990;54:154-61.
4. Wald R, McArthur E, Adhikari NKJ, et al. Changing inci-
dence and outcomes following dialysis-requiring acute kidney
injury among critically ill adults: a population-based cohort
study. Am J Kidney Dis 2015;65:870-7.

DOI: 10.1056/NEJMc1600131

TO THE EDITOR: In the trial reported by Parienti
and colleagues, the authors conclude that subcla-
vian catheterization was associated with a higher
risk of pneumothorax than was jugular or femo-
ral catheterization. We believe that this conclu-
sion concerning the pneumothorax rate cannot
be generalized to other ICUs for a number of rea-
sons: both French and U.S. guidelines recommend
the use of the ultrasonography-guided technique
for all sites, but only 15% of the subclavian pro-
cedures in the present trial were performed with
ultrasonographic guidance'?; it cannot be ruled
out that the ultrasonography-guided technique
was preferentially chosen by operators in patients
who presented with risk factors for pneumotho-
rax (e.g., obesity or emphysema); and the inci-
dence of pneumothorax in subclavian procedures
reported here was 1.5%, whereas in studies using
ultrasonography-guided subclavian procedures,
the rate was between 0 and 0.2%, similar to the
pneumothorax rate reported in the jugular site in
the present trial.>* For all these reasons, the au-
thors’ conclusion that subclavian procedures are
associated with an increased risk of pneumotho-
rax pertains only to physicians using the nonrec-
ommended landmark technique.
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veineux central (CVC) ou autre dispositif vasculaire (DV) (http://
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TO THE EDITOR: Parienti et al. report catheter-
related infectious and thrombotic complications
of central venous catheterization according to
insertion site. They chose compression ultraso-
nography as the diagnostic standard for deep-
vein thrombosis (DVT). Although compression
ultrasonography alone has efficacy that is simi-
lar to that of combined-method ultrasonography
(color Doppler ultrasonography combined with
compression ultrasonography) in diagnosing DVT
in the legs,! this might not be the case for DVT in
the arms. The vascular insertion site of subclavian-
vein catheterization is usually located beneath
the clavicle, which makes it difficult for the site
to be visualized or compressed with compression
ultrasonography. Color Doppler ultrasonography
has been shown to be more sensitive and accu-
rate than compression ultrasonography in diag-
nosing DVT in the arms.> The American College
of Chest Physicians guidelines also suggest ini-
tial evaluation with combined-method ultraso-
nography over other initial tests in patients with
suspected DVT in the arms.? Using compression
ultrasonography alone to diagnose subclavian-
vein thrombosis might lead to underestimation
of the event rate.
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TO THE EDITOR: Parienti et al. report that use of
the subclavian site for catheter insertion was as-
sociated with lower risks of infection and throm-
bosis but a higher risk of pneumothorax than use
of the jugular or femoral sites. Although these
results may be explained by the choice of anatom-
ical site alone, there are other factors of equal or
greater importance. Rates of ultrasonographic
guidance for catheter insertion were low, which
could explain the reported rates of insertion fail-
ure, hematoma, and pneumothorax. Systematic
reviews show that the use of ultrasonographic
guidance for central venous cannulation is asso-
ciated with fewer complications than without
such guidance."? Chlorhexidine skin preparation
was used less than 50% of the time, and chlorhexi-
dine-impregnated dressings were not used.? Less
than 60% of the catheters were removed when no
longer required. Appropriate indications for cen-
tral-venous-catheter placement, the use of inser-
tion bundles, proper catheter care (including the
use of chlorhexidine-impregnated dressings),*
daily needs assessment, and prompt removal of
catheters when no longer needed may be more
important than the insertion site.
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THE AUTHORS REPLY: Vinson et al. raise the issue
of ventilation status. The majority of catheteriza-
tions were performed with positive-pressure ven-
tilation (2859 of 3471 [82.4%]) and positive end-
expiratory pressure (PEEP) ventilation (2676 of
3471 [77.1%]). The higher risk of pneumothorax
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associated with the use of PEEP than with non-
use is difficult to assess, because the PEEP was
turned off at the inserter’s discretion during
catheterization.

In response to Urbancic et al.: we used a rigor-
ous definition of catheter-related bloodstream in-
fection,! not the less accurate surveillance defi-
nition of central-catheter—associated bloodstream
infection to which they refer. The former defini-
tion requires specific laboratory testing in order to
unambiguously identify the catheter as the source
of the bloodstream infection, whereas the latter
definition indicates a bloodstream infection that
occurred in the presence of a central catheter or
within 48 hours after its removal, without any
obvious other cause except the catheter. The low
incidence of central-catheter—associated blood-
stream infection that they report may relate to a
different case mix or the use of chlorhexidine-
coated catheters, which were not used in our trial.
Given their low rate of pneumothorax, they could
decrease further their incidence of central-cathe-
ter—associated bloodstream infection by adding the
CDC and Australian and New Zealand Intensive
Care Society guidelines recommendation “prefer
the subclavian site” to their local protocol.

The risk of subclavian-vein stenosis” described
by Corbett and Ashby has been associated with
dialysis catheters. We excluded these devices.

Maizel and Slama may have misinterpreted
the guidelines for catheterization® in the subclavian
vein, which state, “We suggest that ultrasound
dynamic guidance is of limited value for most op-
erators to guide subclavian-vein catheterization
in adult patients (and that landmark technique is
used instead).” Our multicenter trial reflects cur-
rent real-world practice in France, with ultraso-
nography used at the discretion of the operator.

Keng informs us about the sensitivity of com-
pression ultrasonography to diagnose subclavian
DVT. The rate of Doppler-defined subclavian DVT
ranged from 2 cases per 107 catheters (1.9%) to
8 cases per 123 catheters (6.5%) in previous
trials,* and we found a rate of 21 cases per 401
catheters (5.2%).

We agree with Bauer and colleagues that factors
other than the insertion site can influence the
risk of intravascular complications, but the site
access was randomized. The CDC guidelines
available when our trial was initiated® stated,
“No comparison has been made between using
chlorhexidine preparations with alcohol and
povidone—iodine in alcohol to prepare clean skin.
Unsolved issue.” The results of the CLEAN trial®
were not available when we initiated or con-
ducted our trial. Nevertheless, the incidence of
catheter-related bloodstream infections in that
trial was similar with chlorhexidine prepara-
tions and povidone—iodine preparations (P=0.51)
for central venous catheters.
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Pregnancy, Primary Aldosteronism, and Somatic CTNNB1
Mutations

TO THE EDITOR: Teo et al. (Oct. 8 issue)! describe
three women with aldosterone-producing adeno-
mas. Each adenoma had a somatic mutation in

CTNNBI, the gene encoding B-catenin in the Wnt
cell-differentiation pathway. The authors sug-
gest that there is an association among a somat-
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