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Abstract

Background: A central venous catheter (CVC) currently represents the most frequently adopted intravenous line
for patients undergoing infusional chemotherapy and/or high-dose chemotherapy with hematopoietic stem-cell
transplantation and parenteral nutrition.
CVC insertion represents a risk for pneumothorax, nerve or arterial punctures. The aim of this prospective
observational study was to explore the safety and efficacy of CVC insertion under ultrasound (US) guidance and to
confirm its utility in clinical practice in cancer patients.

Methods: Consecutive adult patients attending the oncology-hematology department were eligible if they had
solid or hematologic malignancies and required CVC insertion. Four types of possible complication were defined a
priore: mechanical, thrombotic, infection and malfunctioning.
The patient was placed in Trendelenburg’s position, a 7.5 MHZ puncturing US probe was placed in the
supraclavicular site and a 16-gauge needle was advanced under real-time US guidance into the last portion of
internal jugular vein. The Seldinger technique was used to place the catheter, which was advanced into the
superior vena cava until insertion into right atrium. Within two hours after each procedure, an upright chest X-ray
and ultrasound scanning were carried out to confirm the CVC position and to rule out a pneumotorax. CVC-related
infections, symptomatic vein thrombosis and malfunctioning were recorded.

Results: From December 2000 to January 2009, 1,978 CVC insertional procedures were applied to 1,660
consecutive patients. The procedure was performed 580 times in patients with hematologic malignancies and
1,398 times those with solid tumors. A single-needle puncture of the vein was performed on 1,948 of 1,978
procedures (98.48%); only eighteen attempts among 1,978 failed (0.9%).
No pneumotorax, no major bleeding, and no nerve puncture were reported; four cases (0.2%) showed self-limiting
hematomas. The mean lifespan of CVC was 189.7 +/- 18.6 days (range 7-701). Symptomatic deep-vein thrombosis
of the upper limbs developed in 48 patients (2.42%). Catheter-related infections occurred in 197 (9.96%) of the
catheters inserted. They were successfully treated with antibiotics and only in 48 (2.9%) patients definitive CVC
removal was required for infection and/or thrombosis or malfunctioning.
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Conclusions: This study represents the largest published series of consecutive patients with cancer undergoing
CVC insertion under US guidance; this procedure allowed the completion of the therapeutic program for 1,930/
1,978 (97.6%) of the catheters inserted. The absence of pneumotorax and other major complications indicates that
US guidance should be mandatory for CVC insertion in patients with cancer.

Background
Central venous access is essential in patients with can-
cer, and the need for intravenous access devices for the
administration of cancer therapy has increased propor-
tionally with the increasing number of patients diag-
nosed with cancer. The percutaneous approach to the
subclavian or internal jugular vein is currently the most
popular procedure for placing catheters in the superior
vena cava both for short-term and long-term use.
Unfortunately, central venous catheter (CVC) insertion

represents a risk of pneumothorax, nerve puncture and
major bleeding (mechanical complications), infection
and CVC-related vein thrombosis [1,2].
Mechanical complications of CVC insertion without

ultrasound (US) guidance, such as arterial puncture and
pneumothorax, are seen in up to 21% of attempts, and
up to 35% of insertion attempts are not successful [3-5].
There have been several prospective randomized trials

[6-14] and two metanalyses [15,16] that suggest the use
of US has been associated with a reduction in complica-
tion rate and an improved first-pass success when pla-
cing CVC in the internal jugular vein.
In 2001, the U.S. Agency for Healthcare Research and

Quality recommended the use of ultrasound for the pla-
cement of CVC as one of their 11 practices to improve
patient care [17,18]. However a survey of 250 anesthe-
tists in the United Kingdom found that 41% disagreed
or strongly disagreed with the recommendation that
ultrasound imaging should be the preferred method for
insertion of a central venous catheter in the internal
jugular vein [19].
In addition, a report in the United States also showed

that <15% of surgery, anesthesia, internal medicine,
emergency medicine and family medicine housestaff
used ultrasound guidance for most CVC placements
[20].
Since in our department oncologists and hematologists

have performed ultrasound imaging procedures as well
as interventional ultrasound in clinical practice for
patient management (diagnosis, staging, restaging and
follow-up) for almost 25 years [21-27], this procedure
was early applied as a guidance for CVC insertion in the
internal jugular vein in cancer patients before the
recommendations from the Agency for Healthcare
Research and Quality were available [17,18]. Aims of
this prospective observational study were to evaluate the
safety and the efficacy of ultrasound-guided insertional

CVC in patients with hematological and solid tumors, to
confirm the utility of this procedure in clinical practice,
and to evaluate local or systemic infection, CVC-related
deep venous thrombosis (DVT) and lifespan of the CVC.

Materials and methods
Adult patients with hematologic and solid tumors
admitted to the oncology-hematology department of the
hospital of Piacenza, North Italy, and requiring an
indwelling CVC were offered the opportunity to parteci-
pate in the study. There were 802 women (48%) and 858
men (52%) with a mean age of 61.72 years (range 18-85).
No exclusion criteria were contemplated except patients’

refusal and patients candidate to palliative care only. The
study was approved by the local ethics committee as a pro-
spective observational study, and all the patients gave
informed written consent before enrolment. Three types of
CVC were employed according to different indications: sin-
gle-lumen 16 gauge and, double-lumen Becton Dickinson
(Singapore), double-lumen 13 French Arrow International
(Erding, Germany). The last one was specifically employed
in leukapheresis procedures. Each CVC-positioning is con-
sidered a single procedure for the study; so a patient who
need catheter insertion more than once through his clinical
history was registered as a new procedure every time CVC
was inserted again.
The indications of CVC were: chemotherapy delivery,

transfusion, parenteral nutrition, leukapheresis, autolo-
gous and allogenic stem cell transplantation, invasive
hemodynamic variables assessment and blood sampling.
Patients candidate to palliative care only were excluded
from this study since they were enrolled in a different
study.
Operators included two physicians and a nurse with

specific experience with ultrasound and ultrasonically
guided procedures, so that the level of experience of the
operators would not bias results.
Patients were postured in the Trendelenburg’s position

with the head rotated toward the opposite side. The CVC
was routinely implanted on the right side; however, if
conditions were unsuitable for implantation on this side,
such as in the case of lymphoadenopathy, or postradia-
tion therapy area, or at the patient’s request, the CVC
was placed on the left side. All procedures were per-
formed using standard aseptic techniques and a local
anesthesia with a very small, 22-gauge needle for the
venipuncture was applied under ultrasound guidance.
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The ultrasound examinations were performed using
ESAOTE (Genova, Italy) equipped with two transducers
between 3.5 to 7.5 MHZ, with a needle guide, without a
sterile cover. The method that we commonly use is “the
three-handed method” [28]; this method requires an assis-
tant to hold the probe, while the operator controls the
needle and performs the procedure under real-time gui-
dance, and the nurse helps the two physicians during the
maneuver.
The central vein was identified along its greater longitu-

dinal axis and its relationship with other anatomical struc-
tures using Valsalva’s maneuver which determines an
increase of the diameter of the veins. Under ultrasound-
guide in real time, a 16-gauge needle is introduced into
the last portion of internal jugular vein. This vein was
reached through the transducer placed at the point of
insertion of the sternocleidomastoid muscle into the clavi-
cular; the correct introduction of the needle was always
confirmed by ultrasound guidance and by the easy aspira-
tion of venous blood.
The Seldinger technique was used to place the cathe-

ter, which was advanced into the superior vena cava
until insertion into right atrium.
Every procedure was scheduled in order to register

patient’s data, pathological diagnosis, indications for CVC
insertion, type of CVC, number of attempts and early
complications if any failure; the procedures were observed
by an independent team. Medications, CVC-related blood
stream infection, symptomatic deep-vein thrombosis and
CVC removal or substitution were also recorded. Within
two hours after each procedure, chest radiography and
ultrasound scanning were carried out to exclude pneumo-
torax and to evaluate correct catheter position. At the end
of treatment or when required, after the removal of the
catheter, the tip was sent to the laboratory for bacteriologi-
cal examination.
No systemic prophylaxis against deep-vein thrombosis

was adopted and no antibiotic prophylaxis was made.
Each catheter at the end of its routine use was flushed
with 20 ml normal sterile saline, then 5 ml heparinized sal-
ine (50 IU/ml). Follow-ups for each patient were sched-
uled every 10 days during the first six months, or until
removal of the CVC. The follow-up consisted of: patient’s
clinical examination, catheters flushed with heparinized
solution and catheter exit side dressing.

Assesment of endpoints
The primary endpoints were: number of pneumotorax,
accidental arterial and nerve puncture; major bleeding;
number of attempts; failure; local hematoma.
Secondary endpoints were: symptomatic vein throm-

bosis of upper limbs (early or late), infections, malfunc-
tioning and lifespan of the CVC.

In cases of clinical suspicion of venous thrombosis
evidenced by progressive arm or facial swelling, the
ultrasound criteria we considered in order to show
the presence of catheter-related thrombosis included
visualization of thrombus, absence of spontaneous flow,
dilatation of the vein by the Valsalva maneuver and
compressibility of the jugular vein as previously reported
[29,30]. Infections were defined as catheter-related bac-
teremia: isolation of the same organism from the cathe-
ter in the presence of more than 15 colony-forming-
units (CFUs) and positive blood culture without clinical
signs of infection and catheter-related septicemia: isola-
tion of the same organism from the catheter in the pre-
sence of more than 15 CFUs and positive blood culture,
with clinical signs of infection [29]. Infections with a
clinically apparent focus other than exit site or catheter
were excluded. Catheter malfunctioning occlusion was
registered when presented.

Statistical analysis
Demographic data and clinical features were analyzed
using descriptive methods. Quantitative variables were
summarized using mean and standard deviation. Catego-
rical variables were summarized as counts and percen-
tages. Baseline analysis included all enrolled patients.
Statistical tests were performed with Statview Software,
latest version.

Results
From 2 December 2000 to 31 January 2009, 1,978 CVC
insertional procedures were applied in 1,660 patients.
The procedure was performed 580 times in hematologic
malignancies and 1,398 times in solid tumors (Table 1);
the majority of patients with solid tumors had gastroin-
testinal cancer and the majority of patients with hema-
tologic malignancies had lymphomas (Table 2).
The median platelet count at the time of CVC insertion
was 236,000/mm3 while the median neutrophil count
was 4,015/mm3 (Table 3). It must be emphasized that a
subset of patients, especially hematological ones, had

Table 1 Patients characteristics

No of patients % of patients

Total 1,660 100

Median age 61.71 years (range 18-85)

Male 858 52

Female 802 48

Type of cancer

Solid tumor 1,280 77

Hematologic malignancies 380 23
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neutropenia and low platelet count; neutropenia:
254 patients (15.3%) with neutrophils below 1,500/mm3,
132 (7.95%) below 500/mm3, 88 (5.3%) below 100/mm3;
low platelet count: 116 patients (6.99%) with platelet
count below 50,000/mm3, 70 (4.22%) below 20,000/
mm3 and 38 (2.29%) below 10,000/mm3 (Table 4).
Primary end points: a single-needle puncture of the

vein was performed on 1,948 of 1,978 procedures
(98.48%) and eighteen attempts of the 1,978 failed
(0.9%), so the procedure revealed itself to be efficacious
in 99.1% of cases. Failures were caused by arterial punc-
ture in 6 (0.3%), mediastinum CVC dislocation in 2
(0.1%), vein collapse in 8 (0.48%) and no efficacious “eco
window” in 2 (0.1%). There were no differences in
mechanical complications, malposition and malfunction-
ing of CVC with the right (94.7% of cases) and left side
(5.3% of cases) approaches.
No major bleeding and no nerve puncture were

reported; four (0.2%) self-limiting hematomas at the site
of CVC insertion without requiring any medical inter-
vention were registered after arterial puncture. No pneu-
motorax was reported (Table 5).

Secondary end points
Catheter-related infection occurred in 197/1,978 (9.96%)
of the catheters inserted; CVC-related septicemia was

observed in 98 cases (4.95%). No death was attributable
to catheter-related infections (Table 6).
The organisms that caused catheter colonization were

coagulase negative staphylococci 82%, Escherichia Coli
8%, Pseudomonas 6%, Enterococcus 4%.
The mean lifespan of CVC was 189.7 +/- 18.6 days

(range 7-701), and CVC inserted under US guidance
permitted the delivery of the planned therapy in 1,930/
1,978 (97.6%) of patients.
In our 197 patients with catheter - related infection,

antibiotic therapy resolved the infection: in 129 cases
(65.5%) with CVC substitution and 20 cases (10.10%)
without it. Only in 48 cases (24.40%) was definitive CVC
removal required for associated thrombosis and for anti-
biotic therapy failure or for CVC malfunctioning.
Symptomatic deep-vein thrombosis of upper limbs

developed in 45 cases (2.7%) mainly in the first 30 days
of implantation. Clinical diagnosis suggested by progres-
sive arm or facial swelling was confirmed by echodop-
pler. In 30/45 (66.7%) cases with thrombosis, CVC was
removed because of associated infective complications
(Table 6). No patient had any further thromboembolic
complications. There was no difference in infection,
bleeding or thrombosis in patients with single-lumen
and double-lumen catheters; however the large - bore
catheter employed in leukapheresis was generally
removed after the procedure.

Discussion
The use of central venous access devices has become an
essential component of the treatment of many medical
disorders. Central venous access is commonly attempted
in the internal jugular vein, subclavian vein, femoral
vein, or arm veins using peripherally central catheters. It
is estimated that several million devices are inserted
each year, facilitating many emerging therapies, includ-
ing long-term chemotherapy [30].
Central venous cannulation can be unsafe: the

National Confidential Enquiry into perioperative deaths
has reported one death resulting from a procedure-
induced pneumothorax [31].
It must be emphasized that less serious discomfort

(though unpleasant for the patient), clinician time, hos-
pital stay and economic costs are variable rates for fail-
ure and complications from central venous cannulation.
Ten of 328 oncological patients (3.4%) developed pneu-
mothorax after central venous access implanted
without US guidance and 6 of them (60%) required tube-
thoracostomies [30].
More recently, the etiology and incidence of iatrogenic

pneumothorax, which can develop after invasive proce-
dures performed for diagnostic and for therapeutic pur-
poses, has been reported [32]: the most frequent
procedure type causing pneumotorax was central venous

Table 2 Types of cancer

No of procedures % of cancer

Total 1,978 100

Solid tumor 1,398 70.68

Gastrointestinal 904 45.70

Lung 64 3.24

Breast 136 6.88

Other solid cancer 294 14.86

Hematologic malignancies 580 29.32

Lymphomas 216 10.82

Acute leukemia 196 9.91

Multiple myeloma 126 6.37

Other hematologic malignancies 42 2.12

Table 3 Main Hematologic characteristics of the overall
population

Median Range Normal range

Platelet count
N/mm3

236,000 7,000-510,000/mm3 130,000-450,000/mm3

Neutrophil count
N/mm3

4,015 85-10,500/mm3

Prothrombin
activity (%)

60 30-100 70-120 (%)

Fibrinogen
(mg/dl)

185 100-460 150-400 (mg/dl)

APTT (sec) 30 25-45 26.50-37.50 (sec)
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catheterization, with 72 patients (43.8%) of the series of
164 patients developing iatrogenic pneumothorax.
In addition, complications are more frequent when

more needle passes are necessary because of anatomical
variation or difficult veins (small veins; no palpable land-
markers). Anatomical variations of the internal jugular
vein were found in 8% of patients studied with ultra-
sound-guided CVC [33]; the ease and the shorter time
required to perform ultrasound-guided catheterization,
together with the higher rate of success and decreased
incidence of complications make using the ultrasound-
guided CVC preferable to conventional CVC [34-36].
In this large series of 1,978 CVC insertional performed

procedures in 1,660 consecutive patients suffering from
cancer in different phases of their disease, none of the
patients experienced major complications (pneumotorax,
hemothorax, nerve lesions). To our knowledge, this is
the largest series of consecutive CVC insertional proce-
dures performed in patients with hematologic malignan-
cies and solid tumors and we have shown that this
technique may be efficacious and safe both in patients
with acute leukemia and with solid tumors. In addition,
we emphasize that the catheter was inserted in 254
patients (15.3%) with neutrophils <1,500 ul and 116
patients (6.99%) with platelets <50 ul without complica-
tions. Individual institution data might differ from those
gathered at other centers; however we think the results
of this study are particularly relevant because they have
been obtained through a large series of patients investi-
gated with an accurate prospective trial performed over
a long period of time. Our results can be favourably

compared with a recent report where adverse events
occurred in 26 cases (5.2%) of 500 US-guided CVC via
subclavian vein, with two cases of pneumothorax [37].
In our study, the rate of CVC-related deep-vein

thrombosis was low despite the absence of antithrombo-
tic drugs in the practice of prophylaxis against venous
thromboembolism in the patients enrolled; the incidence
of symptomatic DVT was quite similar, although a bit
low, with respect to the value in the control arm of pre-
vious studies which compared no systemic prophylaxis
versus deltaparin or low-dose warfarin [38-40]. The low
incidence of upper-limb DVT may be explained by
ultrasound guide as previously stated [41] which allowed
us to achieve the following targets:

1) to identify the exact site of CVC insertion, 2) to
perform only one attempt in nearly all the patients
(98.48%), causing little damage to the venous
endothelium: in fact, it is well known that endothe-
lium damage is a main risk factor in initiating
thrombosis.

However the lack of venographic assessment of cathe-
ter-related thrombosis in our study is a limit to the
determination of the real frequency of this complication,
as previously reported [40].
The incidence of CVC infective complication was

similar to previous data concerning non-tunnelled
catheters, while it was higher than totally implantable
central venous access ports [29,42]. The great incidence
of staphylococci reflects the classical expositional risk of
this kind of catheter, although the incidence of infec-
tions, the rate of CVC withdrawal or malfunction was
low when compared with previous reports [29], since
prompt antibiotic therapy allowed a good control of
bacterial infection. Moreover, our non-tunnelled cathe-
ters were easily replaced whenever clinical conditions
suggested it. In the present study, ultrasound-guided
CVC procedures were performed by our own specifically
experienced oncologists and hematologists, and we agree
with a recent report [28] that ultrasound is an easily
learned technique that not only enhances the physical
examination, but has the distinct advantage of being a
portable tool that can provide real-time guidance for
CVC insertion and other interventional procedures such

Table 4 Patients with impaired neutrophil/platelet count who underwent ultrasound guided internal jugular vein
catheterization

Patients with neutropenia 254 of 1660 Patients with low platelet count 116 of 1660

N. Patients % of patients N. neutrophil/mm3 N. Patients % of patients N. Platelet/mm3

254 15.3% <1,500 116 6.99 <50

132 7.95 <500 70 4.22 <20

88 5.3 <100 38 2.29 <10

Table 5 Results of ultrasound guided catheter insertion,
primary endpoints and mechanical complications

No %

Total procedures 1,978 100

Access with one attempt 1,948 98.48

Access with two attempts 12 0,6

Pneumothorax 0 0

Major bleeding 0 0

Arterial puncture 6 0.3

Failure 18 0.9

Local Hematoma 4 0.2

Nerve puncture 0 0
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as biopsy, abscess drainage, paracentesis, thoracentesis,
etc, and for critically ill and elderly patients the proce-
dure can be performed easily at the bedside as previously
reported [21-27]. Physicians with specific experience
were defined as operators who have performed > 50 CVC
insertion under ultrasound guidance [4,28].
It must be emphasized that the use of ultrasound is

not limited to radiologists. The American Medical Asso-
ciation policy fovours ultrasound imaging technique dif-
fusion in medical practice [43], the American College of
Emergency Physicians and the American College of Sur-
geons support the use of ultrasound by members of
their societies and address ways to obtain and maintain
competence as well as ensuring quality control [44,45].
We believe that this technique is very useful also in

the oncology and hematology department, not only for
CVC placement but also for staging, disease control, fol-
low-up and ultrasound guided-procedures [21-27].

Conclusion
Our large study show that ultrasound-guided CVC inser-
tion is a safe and effective technique that is sufficient to
give a patient six or more months of treatment. Safety
and efficacy of the procedure did not negatively impact
on infective and thrombotic complications. We believe
this technique can be applied easily to most practitioners
in clinical oncology with relevant patient benefits.
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