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Context: Placement of central venous catheters

(CVCs) is an integral part of care for the critically ill

patient but is associated with significant morbidity

when using the traditional landmark method.The use

of real-time ultrasound to guide line placement has

been developed in hopes of avoiding this morbidity.

Objective: The objectives of this article are 2-fold. The

first is to determine the relative effectiveness of the

use of real-time ultrasound to place CVCs compared

with the use of landmarks alone.The second is to dis-

cuss the merits of future study to increase the use of

this technology.

Data Sources: Medline from 1966 to 2001, personal

files, 2 prior systematic reviews, and reference lists of

selected articles.

Study Selection: Studies were included if: (1) study

design was a controlled trial, (2) patients required

placement of a CVC, (3) the interventions were real-

time ultrasound versus standard landmark-guided line

placement, and (4) outcomes included at least 1 of

failure to place catheter, success of first attempt, num-

ber of attempts, time to catheter placement, or com-

plication rate.

Data Synthesis: Eighteen trials were identified. Pooled

results showed a significant reduction in failure rate

(risk difference, �.12, 95% confidence interval [CI],

�.18 to �.06), number of attempts (risk reduction,

1.41, 95% CI, 1.15–1.67), and arterial puncture rate (risk

difference, �.07, 95% CI, �.10 to �.03). The number of

successful venous cannulations on first attempt were

higher using ultrasound (risk difference, .24, 95% CI,

.08–.39). No difference was found in time to insertion.

Significant heterogeneity of study results was found

for most analyses. Subgroup analyses suggested that

ultrasound improved outcomes most convincingly us-

ing external probes, for internal jugular vein cannula-

tion, and when used by clinicians less experienced at

line placement.

Conclusions: Adoption of real-time ultrasound to

guide CVC placement has the potential to improve

successful line placement and minimized complica-

tions. It can improve patient safety. However, there are

significant cost concerns and the reported adverse

events are generally minor and easy to treat. Before

creating study protocols to increase usage of this tech-

nology, both current usage and cost effectiveness

should be determined.

Copyright 2002, Elsevier Science (USA). All rights

reserved.

Use of Ultrasound to Place Central Lines
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CENTRAL VENOUS catheters (CVCs) have
become an integral part of care for critically

ill patients. They allow the administration of in-
otropic or vasopressor support, total parenteral nu-
trition (TPN), venous access in patients with poor
peripheral access, and monitoring of central venous
pressures. In the noncritically ill, they are used for
the administration of chemotherapy, long-term an-
tibiotic therapy, and TPN. Despite the necessity for
CVCs in the care of critically ill patients, place-
ment of these catheters has been associated
with significant morbidity, including arterial punc-
ture, pneumothorax, hemothorax, chylothorax,
hematoma, brachial plexus injury, air embolus,
catheter malposition, catheter knotting, and dys-
rhythmia.1-3 At times, several attempts are required
to place CVCs and several sites may be tried be-

fore achieving success. This may lead to delayed
administration of necessary vasopressor support.
The traditional method of catheter placement uses
landmarks to locate the central vein of interest. An
increasingly popular alternative is the use of ultra-
sound to guide placement of these catheters. First
described in 1984,4 ultrasound has been used to
either locate the vessel initially followed by at-
tempted catheter placement, or continuously dur-
ing the actual attempt to place the CVC (real-time
ultrasound guidance). The former approach has not
been consistently shown to be more effective than
use of landmarks alone.2 Real-time ultrasound may
be provided through either the external application
of an ultrasound probe to visualize the vessels or
through the use of Doppler ultrasound guidance of
the needle into the vein.

OBJECTIVES

The objectives of this article are 2-fold. The first
objective is to update prior excellent reviews5,6 on
the relative effectiveness and safety of the use of
real-time ultrasound to place CVCs compared with
the use of landmarks alone. The second is to use
the results of this review to suggest a potential re-
search agenda on the use of these catheters.
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SYSTEMATIC REVIEW OF THE LITERATURE

Data Sources and Settings

To identify relevant studies, Medline was
searched from 1966 to 2001 using keywords cen-
tral venous catheter OR internal jugular vein OR
subclavian vein OR femoral vein with the restric-
tion of controlled clinical trial. In addition, the ref-
erences of selected studies were reviewed and 2 for-
mer systematic reviews were identified and
references reviewed. Finally, for selected studies
the option of related articles was also used to iden-
tify further trials of interest.

Study Design

The clinical question that guided the review of
the literature was as follows: What is the relative
effectiveness and morbidity of real-time ultrasound
compared with the traditional landmark techniques
in patients requiring a central vein catheter? Effec-
tiveness was measured by using several potential
outcomes including successful catheter placement,

cannulation of vein on first attempt, time to can-
nulation, and number of attempts at cannulation.
All complications were recorded from the litera-
ture but the one of primary interest was arterial
puncture.

The selection criteria for included studies were:
(1) population—any patient group that required
placement of a CVC, (2) intervention—use of real-
time ultrasound (either using an external probe or
Doppler ultrasound), (3) outcomes—may include
any of the following: time to catheter placement,
number of attempts, successful on first attempt,
failure to place catheter, and (4) study design—ran-
domized controlled trial or quasirandomized con-
trolled trial.

Data Collection Methods

Data was abstracted to assess both methodologic
quality of the selected trials and to summarize the
trial results. Criteria used to assess methodologic
quality were adapted from those of Randolph et al5

and are found in Table 1. In addition, we included

Table 1. Methodologic Quality

Allocation Explicit Intention-
(Random/ Patient Patient Insertion Method Description Postrandomization to-Treat

Study Blinded) Selection Characteristics Standardized of Outcome Exclusions Analysis

Scherhag et al,18 Random/unknown Not specified Specified Yes Yes No Yes
1989

Mallory et al,16 Random/unknown Consecutive Not specified Yes Yes No Yes
1990 patients

Troianos et al,21 Random/unknown Not specified Specified Yes Yes No Yes
1991

Denys et al,10 Quasirandom/not Not specified Not specified Yes Yes No Yes
1993 blinded

Vucevic et al,24 Random/unknown Not specified Not specified Yes Yes No Yes
1994

Gratz et al,12 Random/unknown Not specified Specified Yes Yes Yes (1/41 in Doppler No
1994 group)

Branger et al,8 Random/unknown Not specified Not specified Yes Yes No Yes
1994

Branger et al,9 Random/unknown Specified Specified Yes No Yes (2/50 in Doppler No
1995 group)

Gilbert et al,11 Random/unknown Consecutive Specified Yes Yes No Yes
1995 patients

Gualtierie et al,13 Random/unknown Not specified Not specified Yes Yes Yes (1/53) No
1995

Hilty et al,14 Random/unknown Selected Specified Yes Yes No Yes
1997 patients

Teichgraber et al,20 Random/unknown Not specified Not specified Yes No No Yes
1997

Slama et al,19 Random/unknown Not specified Specified Yes No No Yes
1997

Nadig et al,17 Random/unknown Not specified Not specified Yes Yes No Yes
1998

Bold et al,7 Random/unknown Not specified Specified Yes Yes No Yes
1998

Lefrant et al,15 Random/unknown Selected Specified Yes No No Yes
1998 patients

Verghese et al,22 Random/unknown Not specified Specified Yes Yes No Yes
1999

Verghese et al,23 Random/unknown Consecutive Specified Yes Yes No Yes
2000 patients



the date of publication, population studied, the site
of vein being cannulated, ultrasound method used
(external probe versus Doppler ultrasound needle
probe), operator experience, and all outcomes
recorded.

Results of the individual trials were summarized
in tabular format. In addition, failure rate for
catheter placement, successful placement of the
catheter on first attempt, and the rate of arterial
puncture were all reported by using individual
study risk differences and their respective 95% con-
fidence intervals (CIs). By using a random effects
model, we calculated a summary risk difference
and 95% CIs for these 3 outcomes using Review
Manager computer program version 4.1 for Win-
dows (RevMan; The Cochrane Collaboration, Ox-
ford, England). For the outcomes of time to catheter
placement and number of attempts at catheter
placement, those trials reporting mean and standard
deviations for respective groups had their results
pooled using the weighted mean difference. For tri-
als presenting time to catheter placement or num-
ber of attempts at venous cannulation as median
rather than mean, individual study results were re-
ported but were not pooled with other studies. Het-
erogeneity of study results were assessed both vi-
sually and by using the test for heterogeneity �2

from RevMan.
A priori, the decision was made to examine the

following subgroups: cannulation vein (internal
jugular vein versus subclavian vein), ultrasound
method used (external probe versus Doppler ultra-
sound needle probe), operator experience, and pa-
tient population (intensive care unit [ICU] patients
vs non-ICU patients).

RESULTS

After applying the selection criteria to those
studies identified by the search strategy, 18 trials
were identified for further evaluation,7-24 17 non-
blinded, randomized, controlled trials7-9,11-24 and 1
quasirandomized trial10 conducted in a cardiac
catheterization laboratory that allocated the inter-
vention on an alternate week basis. This last trial
was accepted because it was felt that selection bias
would be relatively low in this setting. Of these 18
studies, the population of interest were ICU patients
in 6 studies,11,13,15,16,19,24 medical-surgical patients
in 2,8,18 adult cardiothoracic surgery patients in
2,12,21 pediatric cardiac surgery in 2,22,23 dialysis,
apheresis, or TPN patients in 2,9,17 cardiac catheter-
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ization patients in 1,10 chemotherapy patients in 1,7

post–cardiac arrest patients in the emergency room
in 1,14 and the final study did not clearly specify
their population (Table 2).20 Within the 6 trials on
ICU patients, 1 trial excluded high-risk patients
(those with obesity, coagulopathy, or prior catheter
placement or surgery to area the catheter was to be
placed),15 another actually restricted their study
population to patients at higher risk (obesity or co-
agulopathy),11 whereas the rest did not specify any
specific inclusion or exclusion criteria.13,16,19,24

The vein cannulized included the internal jugu-
lar vein in 12 studies,10-12,16-24 the subclavian vein
in 3 trials,7,13,15 either internal jugular or subcla-
vian vein in 2 trials,8,9 and the femoral vein in 1
trial.14 Nine trials examined the relative effective-
ness of Doppler ultrasound by using a small probe
that passed through the needle.7-9,11,12,15,18,23,24

The needle, with the probe inside, entered the skin
and then was moved toward the vein, guided by the
characteristic sound on Doppler ultrasound. Eleven
trials used an external ultrasound probe to locate
the vein and artery and guide the passage of the
needle into the vein10,13,14,16-23 (2 trials studied
both technologies18,23). Operator experience was
not described in 3 trials12,18,21 and ranged from ju-
nior residents to senior staff in one.9 Of the re-
mainder, in 5 trials junior house staff were involved
in catheter placement,8,11,13,14,19 senior house staff
or fellows placed catheters in 5 trials,7,10,16,22,23 and
consultant staff placed catheters in the remaining 4
trials (Table 2).14,17,19,22

The methodologic qualities of trials varied and
are summarized in Table 1. In all trials operators
and adjudicators of outcomes were nonblinded and
none made reference to whether allocation was
blinded or not. Only 4 trials were clearly conducted
on consecutive patients9,11,16,23 and 11 clearly spec-
ified patient population7,9,11,12,14,15,18,19,21-23 (in-
cluding at least age, height, and weight). All trials
specified the method of insertion and 14 had ex-
plicit outcomes. Only 3 trials had patients excluded
postrandomization,9,12,13 2 patients in 1 trial9 and
1 patient each in the other 2.12,13 By strict defini-
tion, these 3 trials did not use intention-to-treat
analysis.

Failure rate was reported in 17 trials but the de-
finition varied considerably, ranging from “inabil-
ity to cannulate vein in 2 attempts”7 to hybrid de-
finitions including “arterial puncture and inability
to cannulate the vein after 15 attempts”23 (see Table
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Table 2. Study Characteristics

Ultrasound Operator
Study Population Site Method Experience Outcomes

Doppler ultrasound
Scherhag et al,18 Mixed medical and IJV Needle Doppler Not described Failure rate (not defined)

1989 surgical ultrasound Time to placement
External ultrasound Complications

Vucevic et al,24 ICU patients or cardiac IJV Needle Doppler 2 consultant Failure rate (inability to cannulate)
1994 surgery patients ultrasound anesthetists with Time (to successful insertion of

experience wire)
Number of attempts
Complications

Branger et al,8 Low-risk medical-surgical IJV/SCV Needle Doppler Junior and senior Failure (line not placed after 30 min)
1994 patients ultrasound (fingertip residents Success of cross-over

pulsed doppler/ Complications
needle guide)

Gratz et al,12 Cardiothoracic or major IJV Needle Doppler Not specified Failure rate (inability to cannulate)
1994 vascular surgery ultrasound Time (from injection of local

anesthetic to insertion of cannula
in IJV)

Number of attempts
Carotid puncture

Branger et al,9 Dialysis, apheresis, or TPN IJV/SCV Needle Doppler Residents and Failure rate (unable to cannulate in
1995 patients ultrasound (4 MHz) senior staff 4 attempts or after 30 min)

Exclusions: thoracic Success on cross-over
abnormalities, obesity, Time (not specified)
respiratory distress, Number of attempts
restlessness Complications

Gilbert et al,11 Patients with obesity or IJV Needle Doppler Junior housestaff Failure (failure after 3 attempts)
1995 coagulopathy in ICU ultrasound with supervision Success on cross-over

or operating room by attending Time (skin puncture to wire
staff placement or failure)

Bold et al,7 Chemotherapy patients SCV Needle Doppler Experienced Failure (unable to cannulate in 2
1998 with risk factors (XRT, ultrasound Fellows attempts)

surgery to site, or 18 physicians Success on cross-over
obesity Number of attempts

Complications
Lefrant et al,15 ICU patients SCV Needle Doppler All by same Failure rate (not specified)

1998 Exclusions: prior surgery ultrasound (4 MHz) physician Time to insertion (first puncture or
to area or line, experienced search for Doppler signal to
coagulopathy, guide wire)
emergency line Success on first pass

Number of attempts
Complication rate

Verghese et al,23 Infants scheduled IJV External ultrasound Pediatric anesthesia Failure rate (carotid/hematoma, 
2000 for cardiac surgery Needle Doppler Fellows supervised �5 attempts)

(�12 mo and 10 kg) ultrasound by Staff Time (initial needle stick to easy
aspiration of venous blood from
distal catheter)

Number of attempts
Complications

External ultrasound
Scherhag et al,18 Mixed medical and IJV Needle Doppler Not described Failure rate (not defined)

1989 surgical ultrasound Time to placement
External ultrasound Complications

Mallory et al,16 ICU patients requiring IJV External ultrasound Senior ICU staff Failure rate (failure after 5 attempts)
1990 urgent or urgent- or ICU Fellows 

elective IJV line with at least 
6 mo

Troianos et al,21 Cardiothoracic surgery IJV External ultrasound Not specified but Failure rate (�15 attempts or arterial
1991 patients same for both puncture and �6 attempts—

retrospective definition?)
Time (from injection of local until

entry of IJV)
Number of attempts
Complications

Denys et al,10 Cardiac catheter patients IJV External ultrasound Experienced staff Failure rate (inability to cannulate)
1993 or fellows Time (skin puncture to aspiration)

Number of attempts
Complications

Gualtierie et al,13 Critically ill patients SCV External ultrasound Junior housestaff Failure rate (failure after 3
1995 with �30 lines attempts)

supervised Success on cross-over
Number of attempts
Complications



2). No definition was provided in 3 trials.15,18,19

By using the definition for failure applied by the
trialists, 6 trials individually found a statistically
significant reduction in failure rate (see Fig
1).10,11,13,16,19,22 When the results of the 17 trials
were pooled, there was significant reduction in fail-
ure rate of 16% (95% CI, 9%–23%). Of the 8 tri-
als reporting data on successful cannulation of the
central vein on first attempt,10-12,15,16,19,20,21 5 tri-
als individually statistically favored real-time ul-
trasound over use of landmarks alone (Fig 2).10-

12,20,21 The pooled risk reduction was 24% (95%
CI, 8%–39%). Six of the 13 trials reporting rate of
arterial puncture showed a statistically significant
reduction in the ultrasound group,10,11,16,20-22 the
pooled risk reduction being 7% (95% CI, 3%–10%)
(Fig 3). Of the 11 trials reporting on time to inser-
tion,9-12,14,17-19,21-23 2 were excluded22,23 (see Table
3) because the average time was almost a factor of
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10 higher than the rest (both trials on infants un-
dergoing cardiac surgery). Of the remaining 9 tri-
als,9-12,14,17-19,21 4 reported a significantly shorter
time to cannulation using ultrasound,10,17,19,21

whereas 2 reported a significantly longer time to
cannulation.9,18 The pooled estimate was not sig-
nificant, a reduction by 6.56 seconds (95% CI,
ranged from a reduction by 44.02 sec to an increase
by 57.14 sec). Although only 6 trials reported mean
number of attempts at cannulation,9,10,12,14,21,22 all
found a significant reduction in favor of real-time
ultrasound, risk reduction of 0.81 (95% CI, .64–.97).
Another 6 trials reported information on a number
of attempts as either median, with or without range,
or mean without standard deviation (see Tables 3
and 4).11,13,15,16,23,24 In all trials, the number of at-
tempts was lower in the ultrasound group.

Although all pooled estimates, except time to in-
sertion, favored the use of real-time ultrasound,

Table 2. Study Characteristics (Cont’d)

Ultrasound Operator
Study Population Site Method Experience Outcomes

Hilty et al,14 Cardiac arrest patients in FV External ultrasound 2 emergency Failure rate (arterial puncture, failure
1997 emergency room medicine after 15 attempts)

residents) Time (from ultrasound by bedside
to flash of blood)

Number of attempts
Complications

Teichgraber et al,20 Not specified routine IJV External ultrasound Variable Time to successful venipuncture
1997 catherization 3.8 � 3.1 yrs for Successful on first attempt

ultrasound vs Complications
6.9 � 3.2 yrs for
landmarks

Slama et al,19 ICU patients IJV External ultrasound Junior housestaff Failure rate (not specified)
1997 supervised by Time (first skin puncture to

senior physician aspiration of blood)
Successful on first attempt
Access time �3 min
Carotid artery puncture

Nadig et al,17 Dialysis patients IJV External ultrasound 1 to 7 y Failure rate (not clearly specified
1998 Department of Medicine (5 physicians) but declared unsuccessful after

awake 3–7 attempts).
Unsuccessful attempts (any

withdrawal of the needle with a
consecutive forward motion)

Time (to successful venipuncture)
Verghese et al,22 Infants scheduled for IJV External ultrasound Board-eligible Failure rate (carotid/hematoma, �7

1999 cardiac surgery (�12 pediatric �45 min)
mo and 10 kg) anesthesia Time (initial needle stick to easy

Fellows aspiration of venous blood from
supervised by distal catheter)
Staff Number of attempts

Complications
Verghese et al,23 Infants scheduled for IJV External ultrasound Pediatric Failure rate (carotid/hematoma, �5

2000 cardiac surgery (�12 Needle Doppler anesthesia attempts)
mo and 10 kg) ultrasound Fellows Time (initial needle stick to easy

supervised by aspiration of venous blood from
Staff distal catheter)

Number of attempts
Complications

Abbreviations: IJV, internal jugular vein; SCV, subclavian vein; FV, femoral vein.



Fig 1. Forest plot of individual trials and their pooled results that included failure rate as an outcome. Studies are grouped by

ultrasound method used. Results are reported as risk differences and 95% CIs.
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there were marked heterogeneity of study results
by both visual inspection of the Forest plots and by
statistical testing (P � .00001 for failure rate, suc-
cess on first attempt, and time to insertion, and
P � .0002 for arterial puncture rate) for all but
number of attempts at venous cannulation. Sub-
group analysis suggested some explanation for this
heterogeneity. From Table 5 it is apparent that fail-
ure rate was only significantly reduced in the
pooled results when external ultrasound was used,
operators were less experienced, and the internal
jugular vein was the vessel approached. When the
studies on ICU patients were compared with non-

ICU patients, there was no obvious difference.
However, the ICU populations studied were still
clearly heterogeneous. For example, of the 2 stud-
ies on ICU populations that did not favor use of
ultrasound, both were conducted by consultant
staff15,24 and 1 excluded all high-risk patients.15 In
summary, though subgroup analysis explains some
of the heterogeneity found, other variables likely
exist that contribute to this finding.

COST IMPLICATIONS

There is an added cost to using either form of
ultrasound to guide line placement. For Doppler ul-
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Fig 2. Forest plot of individual trials and their pooled results that included successful cannulation on initial attempt as an out-

come. Studies are grouped by ultrasound method used. Results are reported as risk differences and 95% CIs.



trasound there is the cost of the Doppler unit that
is in the range of $800 US. In addition, it requires
special needles to allow the probe to be positioned
within them. In the study by Bold et al,7 these nee-
dles were priced at $40 to $70 US compared with
the standard needles at $3 to $5. Portable ultra-
sound machines with external probes cost approx-
imately $13,000 US. The external probes need to
be covered to maintain a sterile field. Specific ster-
ile sheaths are available at a cost of $13 US for a
box of 10. Alternatively, sterile gloves have been
used ($13 US for a box of 25). Training of per-
sonnel is also a potential cost but should not be

much different than training for landmarks. The po-
tential benefit of faster line insertion in high-risk
patients and reduced complications has not been
specifically valued. There also remains a theoretic
potential for increased line infection because of the
presence of an ultrasound probe in the field, how-
ever, this may be offset by a reduction in number
of attempts at catheterization and duration of the
procedure.

SUMMARY OF LITERATURE REVIEW

In summary, the use of ultrasound guidance for
placement of CVCs has been extensively studied in
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Fig 3. Forest plot of individual trials and their pooled results that included arterial puncture as an outcome. Studies are grouped

by ultrasound method used. Results are reported as risk differences and 95% CIs.
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Table 3. Study Outcome—Internal Jugular Vein

Number Successful Number of
Method of on First Unsuccessful

Study (No) Time Attempts Attempt Attempts Failures Cross-Over Complications

Scherhag et al,18 Landmarks (20) 112.1 � 48 s 04/20
1989

Doppler (20) 155.8 � 77 s 2/20
Ultrasound (20) 167.1 � 74 s 02/20

Mallory et al,16 Landmarks (17) 3.12 07/17 06/17 6/6 cross-over
1990 successful

Ultrasound (12) 1.75 07/12 00/12
Troianos et al,21 Landmarks (83) 117.1 � 136 s 2.8 � 3.7 45/83 03/83 7/83 carotid

1991
Ultrasound (77) 7.161 � 46 s 1.4 � 0.7 56/77 00/77 1/77 carotid

Denys et al,10 Landmarks 144.5 � 129.5 s 2.5 � 2.7 116/302 036/302 25/302 carotid
1993 (302) 5 brachial plexus

10 hematoma
Ultrasound 110.3 � 11.6 s 1.2 � 0.5 248/302 030/302 8/302 carotid

(302) 1 brachial plexus
0 hematoma

all P � .001
Branger et al,8 Landmarks (10) 33/10 1/3 success on 3/10: 2 carotid,

1994 cross-over 1 hematoma
Doppler (10) 31/10 1/10: 1 carotid

Vucevic et al,24 Landmarks
1994 Easy (10) 359.2 (20.5–97.9) s 10 10/10 30/10 1/20 carotid

Difficult (10) 322.6 (148.7–496.5) s 31 3 31/10
Doppler 95% CI

Easy (10) 391.8 (53.1–130.5) s 11 19/10 30/10 1/20 carotid
Difficult (10) 167.6 (77.2–258) s 23 3 32/10

Gratz et al,12 Landmarks (20) 1.226 � 332 2.8 � 2.8 11/20 00/20 0/20 carotid
1994

Doppler (20) 1.109 � 139 s 1.35 � 0.91 17/20 00/20 0/20 carotid
Gilbert et al,11 Landmarks (44) 188.5 � 193.3 s 1.7 13/44 17/44 2/5 success 8/49 carotid

1995 5/49 hematoma
Doppler (32) 283.5 � 227.7 s 1.4 18/32 5/32 12/17 success 1/49 carotid

P � .05 P � .05 2/49 hematoma
Either: 13 vs 3
(P � .01)

Branger et al,9 Landmarks (15) 187 � 73 s 2.4 � 0.6 05/15 N/A
1995

Doppler (14) 1.401 � 380 s 2.3 � 0.41 01/14 3/5 success
Slama et al,19 Landmarks (42) 1.235 � 408 s 1 11/42 010/32 5/42 carotid

1997 �3 min: 19/42
Ultrasound (37) 95 � 174 s 16/37 00/37 5/37 carotid

�3 min: 5/37
P � .06 P � .01

Teichgraber et al,20 Landmarks (50) 51.4 (3–820) s 26/50 5/50 hematoma
1997 6/50 carotid

3/50 plexus irritation
Ultrasound (50) 15.2 (8–76) s 48/50 1/50 hematoma

P � .001 P � .002 0/50 carotid
2/50 plexus irritation

Nadig et al,17 Site marked (37) .4.8 � 2.2 min 87 013/37 0/37 carotid
1998

Ultrasound (36) .3.4 � 0.9 min 10 0/36 10/13 success 0/36 carotid
P � .01 P � .01 P � .01

Verghese et al,22 Landmarks (52) .14 � 15.1 m 3.3 � 2.8 12/52 NA 13/52 carotid
1999 6 hematomas

1 hematomas
2 kinking/threading

Ultrasound (43) .4.2 � 2.8 m 1.3 � 0.6 0/43 3/12 success 0/43 carotid
6 kinking/threading

Verghese et al,23 Landmarks (16) .6.6 � 5.3 m 2 (median) 3/16 3/16 carotid
2000

Doppler (13) 8.9 � 6.1 m 2 (median) 2/13 2/13 carotid
Ultrasound (16) 4.5 � 3.7 m 1 (median) 1/16 1/16 carotid



the literature but the studies themselves have some
methodologic flaws that may bias results (lack of
blinding, varying definition of failure). The het-
erogeneity of results found makes one more cau-
tious in drawing strong inferences from pooled re-
sults. However, taking into account the various
subgroup analyses, it appears that the use of exter-
nal ultrasound probes increases the successful
placement of internal jugular vein catheters, and de-
creases complications in the hands of less experi-
enced operators. Less work is available to be con-
fident of the benefit of Doppler ultrasound and the

use of either technology for placement of subcla-
vian or femoral lines.

For the readers of the Journal of Critical Care,
the patient group of primary interest is those in the
ICU. Although one has to be careful not to overin-
terpret the results, the studies on ICU patients
showed that external ultrasound was at least as ef-
fective, and perhaps more so, as in non-ICU pa-
tients. This was not consistent for all studies on ICU
patients. The 2 studies that did not show much ben-
efit were both conducted by experienced opera-
tors15,24 and 1 excluded patients that they consid-
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Table 4. Study Outcome—Subclavian Vein/Femoral Vein

Number Successful Number of
Method of on First Unsuccessful

Study (No) Time Attempts Attempt Attempts Failures Cross-Over Complications

Branger et al,8 Landmarks (10) 02/18 2/2 success 3/18: 1
1994 on cross-over pneumothorax,

1 hematoma,
1 nerve

Doppler (10) 0/18 0/18
Gualtieri et al,13 Landmarks (27) 2.5 15/27 3/27 artery

1995 5 hematoma
3 malposition

Ultrasound (25) 1.4 2/25 12/15 success 1/25 artery
P � .003

Branger et al,9 Landmarks (50 153 � 56 s 1.9 � 0.7 4/50 Not applicable
1995

Doppler (48) 362 � 105 s 1.5 � 0.3 3/48 2/4
Bold et al,7 Landmarks (121) Longer time 23/121 27/34 1 hemothorax

1998 for SMART
Doppler (119) needle 36/119 18/21 1 hematoma

P � .04
Lefrant et al,15 Landmarks (143) 27 (15–240) s 1 (1–4) 94/143 13/143 11/143 artery

1998 3 pneumothorax
11 malposition

Doppler (143) 300 (94–900) s 1 (1–3) 92/143 19/143 5/143 artery
2 pneumothorax
1 malposition

Hilty et al,14 Landmarks (20) 124.2 � 69 s9.2 5.0 � 5.0 7/20 4/20 artery
1997

Ultrasound (20) 121.0 � 60 s2 2.3 � 30 2/20 0/20 artery

Table 5. Subgroup Analyses—Failure Rate

Number Total No. Risk Difference
Subgroup of Studies of Patients (95% CI) Test of Heterogeneity

Ultrasound method
External ultrasound 10 1194 �0.22 (�0.31 to �0.13) P � .00001
Doppler ultrasound 9 898 �0.02 (�0.09 to 0.04) P � .063

Operator experience
Junior housestaff 5 293 �0.26 (�0.36 to �0.17) P � .26
Senior housestaff 5 1013 �0.12 (�0.26 to 0.02) P � .00001
Consultant staff 3 398 �0.19 (�0.62 to 0.24) P � .00001

Vein cannulated
Internal jugular 13 1307 �0.19 (�0.28 to �0.11) P � .00001
Subclavian 4 712 �0.06 (�0.20 to 0.07) P � .00001
Femoral 1 20 �0.25 (�0.50 to 0.00) Not applicable

Patient population
ICU patients 6 552 �0.20 (�0.39 to �0.01) P � .00001
Non-ICU patients 11 1484 �0.13 (�0.22 to �0.05) P � .00001



ered to be at higher risk for complications (obese
or coagulopathy).15 Although we do not yet have
adequate evidence to be certain, it is possible that
the greatest benefit of external ultrasound would be
found in the ICU population, who have a higher
proportion of patients with coagulopathy and are
more prone to be edematous. In addition, the added
benefit of being able to visualize the course of the
vein and artery (not available with Doppler ultra-
sound) will allow detection of thrombosed or
scarred veins before attempted placement.

Although there appears to be potential benefit in
adopting external ultrasound, at least for placement
of internal jugular vein catheters, arguments can be
made against this decision. There is the concern
that training physicians to insert lines with this
technology alone may result in their inability to
place a line should the technology not be available.
Others would suggest that the use of ultrasound
may actually facilitate training of the landmark
technique. We do not have evidence to support ei-
ther of these opinions. It does appear, however, that
physicians who are well trained in the use of both
approaches are less likely to benefit from the ad-
dition of ultrasound. Another concern about adopt-
ing this technology is appreciable added costs. It is
not clear that these costs are balanced by the com-
plications avoided that are rarely more than minor
problems and easily treatable. No studies have
shown an effect on survival or length of stay.

FUTURE STUDY

Ultrasound guidance of central line placement is
a technology that clearly improves patient safety.
However, it is not clear from this systematic review
that the added costs of adopting this technology are
justified. For those of us working in the ICU, the
decision to use this technology requires better ev-
idence that can only be derived from a large, mul-
ticenter, randomized, controlled trial of the use of
external ultrasound versus landmarks for insertion
of CVCs in high-risk ICU patients with an associ-
ated economic evaluation. The outcomes of pri-

mary interest to clinicians, survival, future quality
of life, and duration of ICU and hospital stay have
never been studied, leaving estimates of differences
difficult to determine. We do have data on compli-
cation rates. This review of the literature, includ-
ing 2,159 patients, found that the incidence of more
significant complications such as hematomas and
pneumothoraces, with or without hemothoraces,
were low (1.2% and 0.37%, respectively). The pro-
portion of these complications were less in the real-
time ultrasound group (4 vs 23 for hematoma and
2 vs 6 for pneumothoraces [all but 1 of the latter
occurring during attempted subclavian vein cannu-
lation]). These numbers are consistent with the lit-
erature2,25 and again highlight the apparently real
but proportionately small number of patients that
will experience fewer significant complications. Al-
though there will be challenges to both designing
and implementing such a trial, it remains the pre-
ferred approach to providing us with the necessary
evidence.

An alternative, but less satisfactory, approach to
conducting an economic evaluation is using retro-
spective modeling. The challenges here would in-
clude determining the appropriate value of the po-
tential benefits (shorter insertion time, fewer
complications) and harms (theoretical risk for in-
fection). However, the use of extensive sensitivity
analyses would allow us to vary these unknown
variables over a range of plausible values and to
vary population risk for complications to simulate
different patient populations within an ICU (stable,
short-stay postoperative patient, to patient with
multiple organ dysfunction with a coagulopathy
and prior catheter placements). This study design
is not the preferred option.

A complementary study would be a survey to de-
termine the current use of, and satisfaction with,
this technology. However, only after we have valid
evidence that suggests that the added costs are bal-
anced by the potential benefits should efforts be
made to increase implementation of this technol-
ogy. This may not be the case.
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