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Ultrasound-guided central venous catheter placement decreases
complications and decreases placement attempts compared with the
landmark technique in patients in a pediatric intensive care unit*

Curt D. Froehlich, MD; Mark R. Rigby, MD, PhD, FAAP; Eli S. Rosenberg, BS; Ruosha Li, BS;
Pei-Ling J. Roerig, BS, CCRC; Kirk A. Easley, MS; Jana A. Stockwell, MD, FAAP, FCCM

Objective: To determine whether ultrasound (US) increases
successful central venous catheter (CVC) placement, decreases
site attempts, and decreases CVC placement complications.

Design and Setting: A prospective observational cohort study
evaluating a transition by the Pediatric Critical Care Medicine
service to US-guided CVC placement. Medical and surgical pa-
tients in a 21-bed quaternary multidisciplinary pediatric intensive
care unit had CVCs placed by attendings, fellows, residents, and
a nurse practitioner.

Patients: Ninety-three patients were prospectively enrolled
into the landmark (LM) group and 119 into the US group.

Interventions: After collection of prospective LM data, training
with US guidance was provided. CVCs were subsequently placed
with US guidance.

Measurements and Main Results: Operator information, dis-
ease process, emergent/routine, sites attempted, and complica-
tions were recorded. Procedure time was from initial skin puncture
to guidewire placement. There was no difference overall in success
rates (88.2% LM vs. 90.8% US, p = 0.54) or time to successful

placement (median seconds 269 LM vs. 150 US, p = 0.14) between
the two groups. Median number of attempts were fewer with US for
all CVCs attempted (3 vs. 1, p < 0.001) as were attempts at >1
anatomical site (20.7% LM vs. 5.9% US, p = 0.001). Use of US was
associated with fewer inadvertent artery punctures (8.5% vs. 19.4%,
p = 0.03). Time to successful placement by residents was decreased
with US (median 919 seconds vs. 405 seconds, p = 0.02). More
internal jugular CVCs were placed during the US period than during
the LM period (13.4% vs. 2.1%).

Conclusions: US-guided CVC placement in children is associ-
ated with decreased number of anatomical sites attempted and
decreased number of attempts to gain placement. Time to place-
ment by residents was decreased with US, but not the time to
placement by other operators. US guidance increased the use of
internal jugular catheter placement and decreased artery punc-
tures. US guidance did not improve success rates. (Crit Gare Med
2009; 37:1090-1096)

Kev Worbs: children; ultrasonography; vein; central venous
cannulation

n critically ill patients, central ve-
nous access is essential for vol-
ume resuscitation, administra-
tion of medications and blood
products, blood sampling, parenteral

*See also p. 1170.
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nutrition, continuous renal replace-
ment therapy, and hemodynamic mon-
itoring. Obtaining central venous ac-
cess in critically ill children can be a
difficult process. Complications include
injury to surrounding structures, in-
cluding vessels, resulting in hematoma,
hemothorax, and pneumothorax. Be-
cause placement can be challenging,
multiple anatomical sites may have to
be attempted and an unsuitable length
of time may be needed to gain access.
Failure rates for central venous catheter
(CVC) placement in children range from
5% to 19% with reported complication
rates from 2.5% to 22% (1-4).

Studies in adults have shown that ul-
trasound (US)-guided central venous ac-
cess decreases the number of attempts
and the time required to successfully can-
nulate the vein (5). The Third Sonogra-
phy Outcomes Assessment Program Trial
of internal jugular (IJ) CVC placement in
adults found that US increased the like-
lihood of success (6). Similarly, a study by

Leung et al (7) in adults associated use of
US with a higher successful insertion rate
and a lower complication rate. Multiple
meta-analyses of US-guided central ve-
nous access in adults have concluded that
for IJ procedures, cannulation using US
guidance was more successful than use of
the landmark (LM) technique (8-10). A
2001 Agency for Healthcare Research and
Quality report listed US guidance of CVC
placement as one of the top 11 highly
proven patient safety practices that are
not routinely used in patient care (11).
With recent enhanced focus on patient
safety and clinical outcomes, the Ameri-
can College of Emergency Physicians
published a policy statement, including
guidelines for the use of US guidance for
CVC placement in a list of primary appli-
cations for US in the emergency depart-
ment (12).

Evidence for US-guided CVC place-
ment in children is limited. In evaluating
the use of US for CVC placement in a total
of 95 infants before cardiac surgery,
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Verghese et al (13) demonstrated a 77%
success rate for IJ CVC placement in in-
fants in the LM group with 25% inci-
dence of carotid artery puncture, com-
pared with 100% success in the US
group, with no carotid artery punctures.
Another study by Verghese et al (14) in 45
infants in the operating suite showed
quicker cannulation time and decreased
attempts for IJ CVC placement with US. A
retrospective study of IJ placement in 149
children >10 kg before cardiac surgery
showed improved success with US guid-
ance (15). A 2003 meta-analysis of 167
pediatric patients (79 in LM vs. 88 in the
US group) also demonstrated improved
success for US-guided IJ CVC placement
(10). Conversely, a report by Grebenik et
al (16) showed increased complications
and lower success rate with US-guided 1J
CVC placement compared with LM tech-
nique by anesthesiologists before cardiac
surgery, although the study methodology
has been criticized. A recent study sug-
gested that US could be used in the place-
ment of subclavian CVCs in children, but
no comparison to other approaches was
examined (17). Finally, a study by
Iwashima et al (18) evaluated femoral
placement in a total of 87 children before
cardiac catheterization and found de-
creased inadvertent arterial punctures in
the US group. Currently, there are no
prospective studies evaluating the use of
US-guided central vascular access in crit-
ically ill children in the pediatric inten-
sive care unit (PICU). Also, data support-
ing US-guided femoral line placement, a
site commonly used in children, are lim-
ited (18, 19).

We hypothesized that US guidance
would decrease the overall time required
to insert CVCs in critically ill children by
increasing the probability of successful
cannulation by the first operator, de-
creasing the number of attempts required
for successful placement, and/or elimi-
nating the need to attempt multiple ana-
tomical sites for access when compared
with the traditional LM method. Addi-
tionally, this study evaluated whether US-
guided CVC placement would decrease
the likelihood of complications.

METHODS

Study Design. This prospective study of a
planned transition by the Pediatric Critical
Care Medicine service at Children’s Healthcare
of Atlanta at Egleston to US CVC placement
was approved by the Children’s Healthcare of
Atlanta Institutional Review Board. Medical
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and surgical patients in a 21-bed quaternary
multidisciplinary PICU, in which CVCs were
placed by attendings, fellows, residents, and a
nurse practitioner, were enrolled from Janu-
ary 2005 to December 2006. Patients were
included in the study if they required CVC
placement by the critical care team while in
the PICU. Catheters placed outside the PICU
(operating room, emergency room, etc.) or
placed by non-critical care services were not
included in the study. The choice of site of
catheter placement was at the discretion of the
operator inserting the catheter.

LM-Placed CVC. The initial study group
consisted of traditional anatomical LM CVC
placement utilizing palpation and the
Seldinger technique. Operator training level,
patient disease process, situation (emergent
vs. routine), number of anatomical sites at-
tempted, and complications, including inad-
vertent artery puncture, hemothorax, pneu-
mothorax, and hematoma formation, were
recorded. Success or failure, the number of
kits opened, and the number of additional
guidewires used were also recorded. The pro-
cedure was timed with a stop watch by the
PICU staff, with the procedure start time re-
corded as the time the needle initially pene-
trated the skin. The time to first blood flash,
the number of skin entries, and the time to
successful guidewire placement were re-
corded. The procedure end times were re-
corded as the time to successful guidewire
insertion. Attempts in which the guidewire
threaded but the catheter placement was not
successful (i.e., lack of blood return) were
treated as failures. Data collection for the LM
group was completed and closed before US
training and use.

US-Guided Technique. All critical care fel-
lows and attendings, and our nurse practi-
tioner were trained in dynamic (real time)
US-guided CVC placement using a SonoSite
180 plus (SonoSite, Bothell, WA) in which
US is used to visualize and guide the needle
into the vessel. The SonoSite probe was
dressed in a telescopically folded sterile
sheath (CIVCO Medical Solutions, Kalona,
IA); although the use of needle guides was
permitted, none were used during the study.
Information about whether a one-person
technique (one hand to hold the US probe,
the other to place the line) or a two-person
technique (one operator to hold the US
probe and one operator to place the line)
was recorded. The vessel to be catheterized
was located in the transverse plane with the
US probe perpendicular to the skin, and the
needle was directed at the vessel in real
time. Once a blood flash was obtained, the
CVC was placed using the Seldinger tech-
nique identical to the LM group. If the
guidewire could not be successfully
threaded, the US probe was used to redirect
the needle until successful wire placement
was achieved, or to begin another needle

entry into the skin. In patients in the US
group, the number of previous US lines
placed by the operator (none, one, two,
three, or >three), comfort with the US de-
vice, and opinion of the utility of the US
device were recorded. The time needed to set
up the US machine and sheath the probe was
not recorded.

Statistics. Patient demographics and clin-
ical characteristics were summarized descrip-
tively between placement methods (LM and
US). These measures were compared between
groups with the Wilcoxon’s rank sum test for
continuous variables and the chi-square test of
independence or Fisher’s exact test for propor-
tions.

Differences between the LM and US groups
were assessed for these outcomes: rate of
placement success, the number of attempts
until success or failure, complications (both
arterial puncture and other), and time to wire
in patients where CVC placement was success-
ful. Success and complication proportions
were compared between treatment groups us-
ing the chi-square test of independence, with
odds ratios of each occurring in the US group
compared with the LM group calculated as
well. The number of attempts was categorized
and summarized using an odds ratio for the
US method relative to LM. The Cochran-
Armitage trend test was used to assess a linear
decline in the odds of being in US group com-
pared with LM as the number of attempts
increased. The difference in median time to
wire and median attempts was tested using the
Wilcoxon’s rank sum test. All statistical tests
were two-sided and unadjusted for multiple
testing. A value of p < 0.05 indicated statisti-
cal significance. Because of multiple outcomes
and multiple subset analyses, a cautious inter-
pretation of the study results that focuses on
the magnitude of the differences is important.

As plots of the number of attempts sug-
gested different patterns in low- and high-
weight children, we next looked at these pri-
mary outcome measures between placement
methods separately in children above and be-
low the median weight of the sample. We also
divided the data based on access site and as-
sessed between-technique differences in the
measures. To explore whether there were dif-
ferences in these outcomes based on operator
experience, these comparisons between CVC
methods were also repeated separately for res-
idents, fellows, attendings, and our nurse
practitioner.

Modeling beyond univariate methods was
restricted to the number of placement at-
tempts, because this primary outcome pro-
vided information on all patients in the study.
Furthermore, this outcome showed a be-
tween-method difference in univariate analy-
ses. Poisson regression was originally consid-
ered but provided poor goodness of fit. A
multiple negative binomial regression model,
performed using SAS Proc GENMOD, best fit
this count-to-success data, with placement
method, weight, and their interaction as pre-
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dictors (20). Operator experience and location
of line placement were not included in the
model because of sparseness at some levels of
these variables. The parameter estimate for
the treatment group was tested for signifi-
cance, and the model equations were com-
puted and plotted. The adjusted geometric
mean number of attempts (approximately
equivalent to the median) and the 95% confi-
dence intervals were computed for each place-
ment method at the overall median weight.
Goodness of fit was assessed by examining the
ratio of the scaled deviance to the model de-

grees of freedom. All statistical analyses were
conducted in SAS v9.1 (Cary, NC).

RESULTS

Two hundred twelve CVC placements
were performed and evaluated: 93 during
the LM phase and 119 in the US phase.
No difference was seen between patients
in whom CVCs were placed using the LM-
or US-guided approach with respect to
age, weight, diagnosis, sedation, neuro-

muscular blockade, or mechanical venti-
lation (Table 1). The median patient age
was 30.3 months for the LM group and
56.3 months for the US group (p = 0.11).
Median patient weight of LM group was
13.6 kg vs. 18.0 kg for the US group (p =
0.07).

The overall rate of CVC placement suc-
cess did not significantly differ between LM
and US groups (88.2% and 90.8%, respec-
tively, p = 0.54; Table 2). Time to success-

Table 1. Demographics and baseline characteristics for 212 children in whom central venous catheters (CVC) were place by landmark or ultrasound-guided

approach
Landmark Ultrasound
n Median (Q1, Q3) n Median (Q1, Q3) p Value
Age (months) 93 30.3 (6.4, 130.8) 119 56.3 (9.7, 137.0) 0.11
Weight (kg) 93 13.6 (5.4, 30.0) 119 18.0 (9.0, 41.0) 0.07
Count % Count %
Primary disease process
Respiratory failure 31/93 33.3 45/119 37.8 0.56
Sepsis 14/93 15.1 10/119 8.4 0.19
Neurologic 13/93 14.0 20/119 16.8 0.70
Cancer 8/93 8.6 5/119 4.2 0.25
Renal 8/93 8.0 8/119 6.7 0.61
Trauma 6/93 6.5 7/119 5.9 1.00
Liver failure 5/93 5.4 9/119 7.6 0.59
Heart disease 4/93 4.3 1/119 0.8 0.17
Hematologic 2/93 2.2 5/119 4.2 0.47
Electrolyte abnormalities 1/93 1.1 7/119 5.9 0.08
Respiratory distress 1/93 1.1 2/119 1.7 1.00
Sedated 85/93 91.4 114/119 95.8 0.25
Ventilated 73/93 78.5 86/119 72.3 0.34
Neuromuscular blockade 49/89 55.1 55/119 46.2 0.26
Vasoactive infusions 29/92 315 33/119 27.7 0.65
History of difficult CVC 18/90 20.0 17/119 14.3 0.35
Previous CVC 35/90 38.9 39/119 32.8 0.38
Emergent 27/92 29.4 21/119 17.7 0.05

Table 2. Clinical outcomes by catheter placement method and weight

Overall Low Weight (<Median of 16.3 kg) High Weight (=Median of 16.3 kg)
Landmark Ultrasound Landmark Ultrasound Landmark Ultrasound
% Count % Count OR P % Count % Count OR % Count % Count OR P
Success 882  82/93 90.8 108/119 1.32 0.54  83.0 44/53 79.3 42/53 0.78 0.62 95.0 38/40 100.0 66/66 — 0.14
Placement <.001 0.23 <.001
attempts
1 344 32/93  54.6 65/119 1.00 28.3 15/53 35.9 19/53 1.00 42,5 17/40 69.7 46/66 1.00
2 15.1 14/93 17.7 21/119 0.74 15.1 8/53 20.8 11/53 1.09 15.0 6/40 15.2 10/66 0.62
3 10.8  10/93 7.6 9/119 0.44 11.3 6/53 7.6 4/53 0.53 10.0 4/40 7.6 5/66 0.46
4+ 39.8 3793 202 24/119 0.32 45.3 24/53 35.9 19/53 0.63 325 13/40 7.6 5/66 0.14
Complications
Arterial 194 18/93 85 10/118 0.39 0.03 245 13/53 15.4 8/52 0.56 0.33 12,5 5/40 3.0 2/66 0.22 0.10
puncture
Other 172 1693 126 15/119 0.69 044 264 14/53 22.6 12/53 0.82 0.82 5.0 2/40 4.6 3/66 0.91 1.00
Med. (Q1,Q3) n Med. (Q1,Q3) n P Med. (Q1, Q3) n Med. (Ql, Q3) n p Med. (Q1,Q3) n Med. (Q1,Q3) n P
Time 269 (75,9000 82 150 (76.5,435) 108 0.14 281 (96, 1354) 44 213 (112,695) 42 0.62 212 (46, 619) 38 100 (47,345) 66 0.45
to
wire
(sec)

OR, odds ratio; Med., median.
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ful CVC placement was not statistically dif-
ferent between the two groups (p = 0.14).
The number of attempts for the two groups
was found to be significantly different (p <
0.001) and is shown in Table 2. Forty per-
cent (37 of 93) of the children in the LM
group required four or more attempts,
whereas only 20.2% (24 of 119) needed this
many attempts in the US group. The odds
ratio of 0.32 given may be interpreted as
the odds of being in the US group com-
pared with being in the LM group for chil-
dren with four or more placement at-
tempts, relative to those who required one
attempt. When evaluating complications of
CVC placement, 19.4% (18 of 93) of the
patients in whom access was attempted by
the LM technique experienced inadvertent
artery puncture compared with 8.5% (10 of
118) of the patients in the US group (p =
0.03), all occurring in the femoral location.
The ratio of the odds of having an arterial
puncture in the US group compared with
the LM group was estimated to be 0.39,
indicating a 61% lower risk of puncture. No
differences were seen in other complica-
tions by placement technique (Table 2).
We also present the outcomes for chil-
dren above and below the median weight
of 16.25 kg in Table 2. Children in the
low-weight group required more place-
ment attempts for both techniques, but
the frequency distributions were not dis-
tinguishable (p = 0.23). For high-weight
children, the patterns were significantly
different (p < 0.001), with 32.5% of the
children in the LM group requiring four
or more attempts and only 7.6% in the
US group requiring that many. There was

no difference in time to successful place-
ment in children either =16.25 kg or
<16.25 kg nor were complications differ-
ent between the two weight-based
groups.

The need to attempt greater than one
anatomical site for access occurred
20.7% (19 of 92) of the time for LM pa-
tients compared with 5.9% (7 of 119) of
the time for US patients (p = 0.001).
Catheters that required more than one
operator did not differ between the two
groups (16.1% LM vs. 7.6% US, p =
0.087). Median time to placement of fem-
oral CVCs was not significantly different
between groups (281.0 seconds for LM,
150.0 seconds for US, p = 0.18). For
CVCs placed in the femoral site, a median
of three attempts were made using the
LM technique, whereas a median of one
attempt was required using US (p =
0.006). Only two of the 93 CVCs (2.1%)
were placed in the 1J in the LM group,
whereas 16 of 119 CVCs (13.4%) were IJ
in the US-guided group (»p = 0.007). Be-
cause of the low numbers for compari-
son, time to successful IJ placement and
number of placement attempts were not
significant. There was no significant dif-
ference in time to place IJ CVCs com-
pared with non-IJ sites (femoral and sub-
clavian) using US guidance, nor was a
difference in attempts required (p =
0.49 and p = 0.33, respectively). A one-
person US technique was used in 82
(70.7%) patients compared with a two-
person technique in 32 (27.6%) pa-
tients. In two patients both techniques
were used.

Table 3. Clinical outcomes by catheter placement method and operator experience

Data were analyzed with respect to
level of training (Table 3). For residents,
successful CVC placement in the LM
group required a median time of 919 sec-
onds vs. 405 seconds in the US group
(» = 0.02). There was a greater number
of attempts by residents in the LM group
compared with the US group for all CVC
attempts (p = 0.001). This pattern was
seen with fellows as well (p = 0.04), al-
though the median time to successful
placement did not differ. In addition, nei-
ther the time nor the attempts were dif-
ferent in CVCs placed by attendings or
our nurse practitioner in the LM com-
pared with the US-guided approach, al-
though the number of observations in
each group was small.

Complications with respect to level of
training were not significant between
groups, with the exception that more in-
advertent artery punctures occurred with
fellows in the LM group (14 of 66, 21.2%)
compared with the US group (4 of 80,
5.0%, p = 0.003). A survey of US-placed
CVCs found that 78% of first operators
believed US was beneficial.

Multivariable modeling of the number
of attempts suggested that the CVC place-
ment technique and child weight were
associated with outcome (technique, p <
0.0001; weight, p < 0.0001), although
the interaction term was not significant.
The data and the estimated model equa-
tions for both techniques are plotted in
Figure 1. The estimated geometric mean
number of attempts at the median weight
of 16.25 kg in the LM group is 5.9 (95%
confidence interval [4.9-7.1]) and for the

Resident, n = 35 Fellow, n = 147 Attending, n = 14 PNP,n = 16
Landmark Ultrasound Landmark  Ultrasound Landmark Ultrasound Landmark Ultrasound
% Count % Count OR p % Count % Count OR p % Count % Count OR p % Count %  Count OR p
Success 100.0 (11/11) 91.6 (22/24) — 1.00 87.9 (58/66) 90.1 (73/81) 1.26 0.66 77.8 (7/9) 80.0 (4/5) 1.14 1.00 85.7 (6/7) 100.0 (9/9) <.001 0.43
Placement .001 0.04 0.25 0.28
attempts
1 9.1 (1/11) 41.7 (10/24) 1.00 40.9 (27/66) 56.8 (46/81) 1.00 222 (290 60.0 (3/5) 1.00 28.6 (2/7)  66.7 (6/90 1.00
2 9.1 (1/11) 33.3 (8/24) 0.80 13.6 (9/66) 14.8 (12/81) 0.78 1.1 (1/9) 0.0 (0/5) — 429 (3/7) 1.1 (1/9) 0.11
3 18.2 (2/11) 12,5 (3/24) 0.15 12.1 (8/66) 6.2 (5/81) 0.37 0.0 (0/9) 0.0 (05 — 0.0 (0/7) 111 (1/9)
4+ 63.6 (7/11) 125 (3/24) 0.04 33.3 (22/66) 22.2 (18/81) 0.48 66.7 (6/9) 40.0 (2/5) 0.22 28.6  (2/7) 1.1 (1/9) 017
Complications
Art 182 (2/11) 125 (3/24) 0.64 0.64 21.2 (14/66) 5.0 (4/80) 0.20 .003 0.0 (0/9) 400 (2/5 — 011 286 (2/7) 111 (1/9) 031 0.55
puncture
Other 9.1 (1/11) 83 (2/24) 091 1.00 16.7 (11/66) 13.6 (11/81) 0.79 0.60 33.3 (3/9) 20.0 (1/5) 0.50 1.00 143 (1/7) 111 (1/9) 0.75 1.00
Med. (Q1,Q3) n Med. (Q1,Q3) n p Med. (Q1,Q3) n Med. (Q1,Q3) n p Med. (Q1,Q3) n Med. (Q1,Q3) n p Med. (Q1,Q3) n Med. (Q1,Q3) n p
Time 919 (268, 1606) 11 405 (133, 512) 22 0.02 153 (48, 619) 58 124 (62, 278) 73 0.67 340 (89, 1470) 7 100 (50, 989) 4 0.32 314 (182, 335) 6 114 (86, 317) 9 0.20
to
wire
(sec)

OR, odds ratio; Med., median; PNP, pediatric nurse practitioner.
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Figure 1. Model equation: In (sticks) = 1.388 + 0.667 * (landmark) — 0.012 * (weight). For ease of presentation, one 22-kg child who required 60 attempts

was excluded from this figure.

US group the mean number of attempts
is 3.0 (2.5-3.7). Multivariable logistic re-
gression indicated no association be-
tween CVC placement success rate and
placement method (p = 0.92) but weight
(» = 0.001) was related to outcome. In
summary, the success rates decreased
and the number of attempts increased for
both placement methods as the weight of
the child decreased. The number of place-
ment attempts was higher for the LM
method compared with the US method,
but success rates were not different be-
tween placement methods.

DISCUSSION

We believe this is the first systematic
evaluation of the US technique specifically
performed by pediatric intensivists on crit-
ically ill or injured children. We conducted

1094

a planned transition of CVC access from
our traditional LM technique to the use of
access aided by US. We believe our PICU
patient population is different from other
studies because 31.5% of LM and 27.7% of
US patients were on vasoactive infusions
and 29.4% in LM group and 17.7% of US
group’s catheters were placed emergently.
The emergent need for placement and the
percent of patients on vasoactive infusions
may be why our LM artery puncture rates
were greater than those reported in other
studies in which catheters were placed in
the operating room (21). Our complication
rates resemble data reported by Miller et al
(5) and Leung et al (7); in these two studies
CVCs placed in the emergency room had
complication rates from 14% to 16.9% for
the LM group compared with 4.6% to 12%
in the US group. Our failure rate for CVC
placements in the LM group is within the

range of reported rates, yet interestingly
was not improved using US (2, 3).

Our study demonstrated a decrease in
the median number of all CVC attempts
with the use of US from 3 to 1. Although
this may seem like a minimal improve-
ment, we believe it is clinically relevant.
Mansfield et al (22) found that the inci-
dence of mechanical complications after
three or more insertion attempts was six
times the rate compared with the com-
plication rate after a single attempt. This
likely contributes to the observed fewer
artery punctures with US guidance. For
example, the decrease in attempts and
complications related to placement be-
comes important in children who are
heparinized after being percutaneously
cannulated for extracorporeal membrane
oxygenation (as is commonplace at our
institution) or continuous renal replace-

Crit Care Med 2009 Vol. 37, No. 3



ment therapy, or in children who are
coagulopathic. Although the difference in
median time to placement was about 2
minutes between the techniques, we be-
lieve this difference would not be clini-
cally significant.

Only dynamic “real time” US was stud-
ied for CVC placement. Static US, a pro-
cess by which US is used to “mark” the
skin overlying the vessel location before
CVC placement, was not used. This study
allows only the comparison between dy-
namic US and standard LM technique.
Although the Third Sonography Out-
comes Assessment Program Trial found
static US helpful, dynamic US dramati-
cally improved success rates over static
US (6). A static US group for comparison
would have been interesting, but we be-
lieve dynamic US offered the greatest
benefit for CVC placement. Unlike the
Third Sonography Outcomes Assessment
Program Trial, our US group used a one-
person technique with <1/3 of place-
ments using a two-person method. We
subjectively found that as users became
more accustomed to the US, they felt
more comfortable with a one-person
method. The dynamic US group in the
Third Sonography Outcomes Assessment
Program Trial used two people in all
cases (6). Our results using dynamic US
represent more clinically applicable find-
ings, as an additional person is not always
available to assist the operator. In fact, a
recent study indicated no advantage in
CVC placement using a two-person tech-
nique (23).

In the case of inexperienced operators
(residents), we did detect a clinically sig-
nificant difference in time to placement
between the LM and US group. Some
clinicians believe US could improve CVC
placement in the LM group as well by
improving the three-dimensional under-
standing of the anatomy. This under-
standing could improve the access statis-
tics in patients in whom CVCs were
placed with the LM technique, although
it has not been studied. Yet, even in more
experienced operators (fellows and at-
tendings), we believe US helps confirm
the location of the vascular structures,
demonstrates pre-existing intravascular
clots, and defines anatomically inaccessi-
ble vessels, which can encourage the op-
erator to choose a different anatomical
location for CVC placement, increasing
the likelihood of first attempt placement
success. Finally, we found IJ placement of
CVCs increased substantially with the
adoption of US without addition of new
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attendings or change in fellows’ practice.
Before the use of US, the frequency of
placement of IJ CVCs was 2.1%. After the
introduction of US, IJ CVC placement in-
creased to 13.4% (p = 0.007). We specu-
late the increase in IJ CVC placement is
due to the ability to visualize and avoid
critical structures, such as the carotid
artery, which in the end increases com-
fort. The increased use of IJ CVCs has
many real and potential advantages, in-
cluding decreased infections and im-
proved ease of care in older children,
improved hemodynamic monitoring, and
improved site care/nursing care.

Study Limitations. This study evalu-
ated a change in practice from LM-guided
CVC placement to US-guided placement.
One concern is that there could be a time
effect for improving the skills of the US
group, i.e., more experience in the US
group. As new operators were available to
place CVCs (new residents and fellows)
they were included in the group for
which data were currently being col-
lected. The majority of CVCs placed in
both US and LM groups were placed by
our first- and second-year fellows, with
comparable experience. Therefore, we be-
lieve experience between the two groups
was similar. Also, setup time and sheath-
ing of the probe was not included in the
study, and may add some time to the
US-guided procedure. In our experience,
this time was minimal and was similar to
the time used in the LM group to palpate
for the pulse and locate other anatomical
landmarks.

CONCLUSIONS

In conclusion, we find that US-guided
CVC placement in children decreases the
number of anatomical sites attempted,
decreases the number of access attempts,
and decreases inadvertent artery punc-
tures in children. US does not seem to
substantially improve success rates or de-
crease time to CVC placement across all
operators, yet, it did decrease time to
placement in operators with minimal
training or experience. From our data,
given its potential benefits and lack of
risk, we believe US guidance should be
encouraged for all operators for all CVC
placements in patients in the PICU; but
particularly, we recommend US guidance
for all CVCs placed by inexperienced op-
erators, and for CVCs placed by experi-
enced operators in “high risk” (i.e., co-
agulopathic) patients.
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