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ABSTRACT

Introduction:

Central venous catheterization is performed by the landmark method and ultrasound guided meth-
od. The purpose of the study was to compare the success, average number of attempts, average
time to return of blood, and complication rate between the two methods.

Material and Methods:

This was a prospective study done in the Intensive Care Unit of the Acibadem Sistina Clinical
Hospital, in Skopje. There were 400 patients in need of central venous catheter and they were
prospectively randomized in two groups. The patients randomized in the examined-ultrasound
group underwent real-time ultrasound-guided catheterization and the patients randomized in the
control-landmark group were catheterized using the landmark method. Internal Jugular, Subclavian
and Femoral vein were catheterized in both groups. The Overall success, success on the first attempt,
time to the return of blood, number of attempts and complications at the moment of catheterization
such as arterial puncture, pneumothorax and hematoma formation were the main outcome measures.
Results:

The catheterization using the landmark method was successful in 90.5% of patients, 60.5% of
which during the first attempt. The cannulation using real-time ultrasound guidance was success-
ful in 98% of patients with a first pass success of 77%. The complication rate with the landmark
method was 14.5% versus 4% with real-time ultrasound guidance p<0.05(p=0.0008).
Conclusion:

Real-time ultrasound guidance improves success, decreases number of attempts, decreases average
time to the return of blood and reduces mechanical complications rate.
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INTRODUCTION For CVC placement usually internal jugular
vein (on the neck) [5], subclavian vein (under the

Central venous catheters (CVC) arereserved for  clavicle) [6] and femoral vein (under the inguinal
patients in the intensive care unit, in the operating  ligament) [6] are used depending on the situa-
theatre, at medical or surgical wards, in elective or  tion, need, indication and patient characteristics.
urgent procedures [1], as a part of everyday medical ~ The preferred vein is punctured either by using
practice [2, 3]. In the United States, over 5 million  the landmark method (when external anatomical
central venous catheters are placed every year [4].  landmarks are used) or by using ultrasound (US).
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After the return of the venous blood from the tar-
geted vessel a guidewire is passed through the
needle, the needle is removed and the catheter is
placed over the guidewire into the vein — Seldinger
technique [9].

However, both techniques have some de-
gree of risks for failure and complications. The
landmark method can have a failure rate of 35%
and an overall complication rate of 26% [7, 8].
Different modalities of ultrasound, among other
efforts, have been used in an attempt to reduce
the complication rate and increase the success
rate of central venous catheterization [4, 10, 11].
Ultrasound can be used as static or dynamic. When
static ultrasound is used the targeted vein is visu-
alized on the US monitor and the skin is marked
for the puncture site. The actual catheterization is
performed blindly as with the landmark method.
When dynamic ultrasound is used the whole pro-
cedure is guided by ultrasound control from skin
puncture to guidewire placement [10]. The use of
ultrasound enables visualization of the targeted
venous vessel and its anatomical relationship with
the surrounding structures and with the needle for
catheterization. It allows detection of anatomical
variations like vein and artery transposition and
overlap. The use of ultrasound also, enables vi-
sualization of the correct position of the vein, its
size, patency and eventual thrombosis, which is
especially useful in patients with difficult anatom-
ical characteristics (morbid obesity, cachexia, and
scars on the skin at the puncture site). This allows
the practitioner to choose the best skin puncture
site [11].

Recommendations on the use of ultrasound
for central venous catheterization have been made
by many medical societies and government agen-
cies like the Agency for Healthcare Research and
Quality, the National Institute for Health and Clin-
ical Excellence in the UK, the American Society
of Echocardiography and the Society of Cardio-
vascular Anesthesiologists [10, 12]. Despite these
recommendations, the use of ultrasound for cen-
tral venous catheterization remains low [13]. We
have been using the ultrasound guided method in
our intensive care unit for two years now.

The purpose of this study was to compare
the success rate between ultrasound guided and
landmark based central venous catheterization.
In addition, the study included an analysis of the
average number of attempts, average time to the
return of blood, and the occurrence of mechanical
complications (arterial puncture, pneumothorax
and hematoma formation).

MATERIAL AND METHODS

This was a prospective study done during the
period of 2015 and 2016 in the general intensive
care unit at the Acibadem, Sistina Clinical Hospital
in Skopje. After the approval by the ethical board
at our hospital, a patient consent was obtained.
Four hundred adult (18-70 years old) patients, with
an indication for central venous catheterization
were enrolled for the study. Patients were random-
ly (computer generated randomization) divided
into two groups, group A (n=200) included patients
where for the CVC placement the ultrasound meth-
od was used and group B (n=200) included patients
who underwent CVC insertion with the landmark
technique. For both groups of patients, the internal
jugular, subclavian and femoral veins were used
to get access to the central venous circulation. The
placement of the CVC for each group was done
by the same experienced team and under sterile
technique (sterile cap, mask and gown).

The success rate, time to venous blood return,
and mechanical complications were recorded for
both groups.

A maximum of three attempts were allowed at
the catheter site. An unsuccessful attempt was de-
clared when after skin puncture, needle advance-
ment and needle withdrawal there wasn’t a return
of venous blood from the targeted vein. After three
unsuccessful attempts the procedure was termi-
nated at the given site and declared unsuccessful.
Time was measured from skin puncture to return
of venous blood. Mechanical complications like
arterial puncture, pneumothorax and hematoma
were recorded. A pulsatile flow of bright red blood
from the needle was a sign of arterial puncture.
In such cases the needle was withdrawn from the
skin and manual pressure was applied until hemo-
stasis was achieved. Hematoma formation on the
skin access site bigger than 1 cm in diameter was
recorded. A radiographic examination of the lungs
was made 6 hours after the procedure to check the
catheter’s position and check for pneumothorax.

All patients with subcutaneous emphysema,
undergoing radiation therapy, skin inflammation
at the insertion site, fractured clavicle, cardiac
arrest, urgent patients, and patients with raised
intracranial pressure were excluded.

LANDMARK TECHNIQUE

For the landmark method, the site for cath-
eterization was chosen by the doctor doing the
procedure depending on patient characteristics,
anatomical landmarks, indication for catheteriza-
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tion, and his/hers experience. The first choice for
landmark based central venous catheterization in
our institution are the subclavian and jugular veins,
while femoral vein is the second choice [14-16].

Anatomical landmarks for internal jugular
vein catheterization were the medial border of the
sternocleidomastoid muscle and the pulsations of
the carotid artery. Subclavian vein was catheterized
1 centimeter below the junction of the medial and
the lateral two thirds of the clavicle bone, and the
femoral vein was catheterized two centimeters be-
low the inguinal ligament and 1 centimeter medial
of the palpable pulsations of the femoral artery [6].

For the jugular and subclavian vein catheter-
ization the patients were placed in Trendelenburg
position of 15 degrees and for femoral vein cath-
eterization patients were placed in a horizontal
position. The skin at the entry site was disinfected
with 2% solution of chlorhexidine or 1% solution
of betadine and was covered with sterile drape.
The catheterization needle attached to a Sml sy-
ringe with 2ml physiological solution was slowly
advanced to the expected position of the target-
ed vein with continuous aspiration applied with
the syringe clip. After the return of the venous
blood in the syringe the needle guide was inserted
and the procedure was finished according to the
Seldinger’s technique [9].

US METHOD

The jugular vein was the first choice for ultra-
sound guided central venous catheterization and
the subclavian and femoral veins were the second
choice [10]. An ultrasound exam was done before
the procedure to determine the vein’s position, its
caliber and patency [17].

For the jugular vein catheterization, the ultra-
sound probe was applied on the lateral aspect of
the neck. For the subclavian vein the probe was
placed on the anterolateral aspect of the thorax 1
centimeter below the clavicle and for the femoral
vein on the anterolateral aspect of the femoral
region 2 centimeters below the inguinal ligament
[6, 12]. A non-compressible vein (thrombosis) or
a vein diameter below 0.5cm was an indication
to use the same vein at the contralateral side or
to use a different central vein for catheterization.

Patient preparation and positioning was the
same as for patients in the landmark group.

For the ultrasound guided catheterization, an
ultrasound machine General Electric e-Logic and
a linear transducer 5 to 10 MHz was used. Asepsis
was achieved with sterile gel and sterile cover for
the probe, Figure 1. Figure 2 and Figure 3 show

Figure 1. Ultrasound guided catheterization of the jugular vein
with a short axis out-of-plane approach
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Figure 2. Short axis out-of-plane view of the jugular vein and
the needle; the arrow is pointing at the needle seen as a hy-
perechoic dot on the ultrasound screen inside the lumen of the
jugular vein; SCM-sternocleidomastoid muscle; 1JV-Internal
Jugular Vein; CA-carotid artery.
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Figure 3. Short axis out-of-plane view of the subclavian vein
and the needle Significant anatomic structures are marked:
PM-pectoralis muscle, n-branches of plexus brachialis, C-clav-
icle, pleura, SCA-subclavian vein, SCA-subclavian artery, the
arrow shows the needle before entering the blood vessel.



110

Darko Sazdov

the monitor image of the short axis out of plane
view of the targeted vessel and the needle.

The ultrasound probe was applied in a 90-de-
gree angle to the long axis of the targeted vessel
and the needle for catheterization was inserted at
the middle of the long axis of the probe to achieve
a short axis out of plane approach [10]. With this
approach the needle is shown as a hyperechoic dot
on the US-monitor while the venous and arterial
vessels are shown as hypoechoic oval and circular
structures with well-defined borders. The vein is
centered into the middle of the screen with slight
movement of the probe and the needle was care-
fully advanced under ultrasound guidance until
the anterior wall is punctured and venous blood
is aspirated in the syringe connected to it. After
documenting the return of the venous blood the
Seldinger’s technique for catheterization was used.

RESULTS

The study included 400 patients divided into
two groups. The average age of the patients in
the ultrasound group was 59.3 years and the av-
erage age of the patients in the landmark group
was 59.2 years. The statistical difference between
the groups for the average age is not significant.
(Table 1) Male and female patients were equally
represented in both groups. Both groups were ho-
mogenous regarding gender and age.

In the ultrasound group the jugular vein was
catheterized in 41% of patients, the subclavian
vein in 35.5% and the femoral vein in 23.5% of
the patients.

The most commonly accessed vein in the
landmark group was the subclavian vein in 45.5%
of patients. The jugular vein was catheterized in
43%, while the femoral vein was accessed in
11.5% of patients.

The difference between the groups for vein
representation is statistically significant for the
subclavian and femoral vein p<0.05 (p=0.0416,
and p=0.0016) (Table 2).

In the ultrasound group 196/200 (98%) of
patients were successfully catheterized with the
ultrasound guided catheterization while the land-
mark method was successful in 181/200 (90.5%)
of patients. The difference test was statistically
significant for p<0.05 (p=0.0013).

In the ultrasound group the success on first
attempt was 77% which was a significant increase
from 60.5% achieved in the landmark group
p<0.05 (p=0.0032).

The average number of attempts for successful
catheterization in the ultrasound group was 1.25
(standard deviation=0.511), and in the landmark
group it was 1.52 (Standard deviation=0.810).
There was a statistically significant difference in
the average number of attempts between groups
for p<0.05 (t-test=4.009, p=0.000074).

On the average 13.6 seconds (standard devi-
ation=11.6) were needed from skin puncture to
blood return in the ultrasound group. The time was
significantly increased in the landmark group 20.1
(standard deviation=20.3) due to the increased
number of attempts and increased complication
rate (t=3.85, p=0.000139) (Table 3).

DISCUSSION

Central venous catheterization is commonly
performed in the intensive care unit. According to
the study on prevalence of infection in the Euro-
pean intensive care units, 78% of patients have a
central venous access device [18]. Central venous
catheters are placed for fluid and medication ad-
ministration, pacing, hemodialysis and for hemo-
dynamic monitoring [19].

Traditionally for the landmark method, visi-
ble and palpable external landmarks with known
relation with the targeted vessel are used to de-
termine the puncture site on the skin [6]. This
method is associated with complications that re-
sult in increased morbidity, longer hospital stay,
increased expenses and mortality [4]. Nine percent
of patients have abnormal central venous anatomy
that makes central venous catheterization difficult
and increase the risk of failure and complications
[20]. The percent of failure with the landmark
method can be as high as 35% [8]. Complications
are usually divided to early which occur during
the catheterization and are mostly mechanical and
late mostly infective and thrombotic in nature.
The frequency of mechanical complications range
between 5% and 19% [7]. Most common compli-
cation during jugular and femoral vein catheter-
ization is arterial puncture. Pneumothorax is the
most common complication during subclavian
vein catheterization [4].

The use of direct ultrasound for central ve-
nous catheterization enables direct visualization
of the targeted vein and surrounding structures
before and during the catheterization. Studies
show increased success and reduced complica-
tion rate with the use of direct ultrasound [17,
19, 21]. Some studies report that two dimension-
al ultrasound offers minimal advantage in safety
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Table 1. Average patient’s age and side of the catheterization.

Group B Group A
Ultrasound Control group t - value p value
(n=200) (n=200)
Age
(M/£SD) 59.3+£12.42767 59.2+12.83163 -0.06729 0.94638
Right side 0 0
(Number, %) 136/ 68% 168 / 84%
Left side p=0.0002
0, 0,
(Number, %) 64/32% 32/16%
Table 2. Vein representation in both groups
Control Ultrasound
Central vein
Count Percent (%) Count Percent (%)
Jugular vein 86 43.0 82 41
Subclavian vein 91 45.5 71 35.5
Femoral vein 23 11.5 47 23.5
overall 200 100 200 100
Table 3. Results of the punctures and complications in the study groups
Group B Group A
Ultrasound-Guided Landmark p value
(n=200) (n=200)
Success 196 / 98% 181/90.5% 0.0013
Number / percent
First attempt success 154/ 77% 121/60.5% 0.0032
Number / percent
Average number of attempts t=4.009
(M/£SD) 1.25+0.511 1.52+£0.810 p=0.000074
Average time t=3.85
(M/£SD) 13.6£11.6 20.1£20.3 p=0.000139
Arterial puncture _
Number / percent 2/ 1% 16 /8% p=0.0007
Pneumothorax _
Number / percent 0/0% 7/3.955% p=0.0259
Hematoma —
Number / percent 8 /4% 20/10% p=0.018694

and quality during central venous catheterization
of the subclavian vein (lower percent of arterial
puncture and hematoma) and femoral vein (higher
first pass success) [11]. The results of our study
show that the ultrasound guided method is supe-
rior for central venous catheterization in intensive
care patients compared to the landmark method.

The overall success with the landmark method
was 90.5% which is in concordance with other
reports where the overall success ranges between
85% and 100% [8, 17, 19, 21, 22]. In our study,
in 60.5% of the patients the catheterization was
achieved in the first attempt. The incidence of
arterial puncture with the landmark method was
8%, while the incidence of hematoma formation
and pneumothorax was 16% and 3.955% respec-
tively. The incidence of these complications in the
literature ranges between 10.6%-13% for arterial

puncture [19, 23, 24], hematoma formation 4%-
8.4% [19, 23] and pneumothorax 1%-6.6% [25-
27]. The higher rate of hematoma formation in our
study appears as a result of the lower threshold of
hematoma reporting of lcm in diameter.

The use of dynamic ultrasound resulted in
higher overall success, the higher first pass suc-
cess, shorter average time to the return of blood,
the lower average number of attempts and the
lower percent of mechanical complications, arteri-
al puncture, pneumothorax and hematoma. These
results correspond with other reports on the effect
of dynamic ultrasound on the central venous cath-
eterization [10, 17, 19, 21, 28-30]. The study by
Karakitsos et al. (19) reports an overall success of
100% using ultrasound and 94.5% with the land-
mark technique. Fragou et al. [17] also achieved a
success of 100% in the ultrasound group whereas
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the success in the landmark group was 87.5%.
Prabhu et al. [19] got a success rate of ultrasound
catheterization of 98.2% compared to 89.1% of
the landmark group. Regarding the complications,
the study by Karakitsos [19] reports an arterial
puncture of 1.1%, hematoma of 0.4% and pneu-
mothorax of 0% compared to 10.6%, 8.4% and
2.4% respectively, with the landmark technique.
Neither arterial puncture nor pneumothorax were
recorded in the ultrasound group in the study by
Fragou et al. [17] as in our study.

All doctors in the study had a similar experi-
ence with the ultrasound method so a conclusion
regarding the influence of experience on the suc-
cess and complication rate during this procedure
could not be made. The short axis out of plane
approach was used in all catheterizations. During
this approach the needle tip is not always seen so
there is a greater risk of damage of deeper struc-
tures (10, 31). Even so, no pneumothorax was
seen in our patients.

CONCLUSION

Ultrasound guidance during the central ve-
nous catheterization in intensive care patients
increases overall, and the first pass success com-
pared to the landmark method. At the same time
the average time for return of the blood and the
average number of attempts, as well as the arterial
puncture, pneumothorax and hematoma formation
are significantly reduced.
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TpajieH BEHCKH KareTep Oellle IIOCTaBeH cO MOMOII Ha HAJABOPEIIHHU 00eIeK]ja T.H.clleNa KaTeTepu3aluja.
Kaj nere rpynu nauuenT 6ea MyHKTHPaHU BHATPELIHATA jyTrylapHa, IOTKJIy4yHaTa U (heMopaiHaTa BeHa
U CJIC/ICHH, YCIICITHOCTA, BPEMETO 071 O0LKame Ha KoXKaTa J10 JoOMBame KpB, OpojoT Ha yOOIH 10 yCIeIHa
KareTepu3alrja 1 1ojaBa Ha KOMIUIMKAlMd BO MOMEHTOT Ha KaTeTepu3aluja.

Pesynararu:

Karerepuzanujara co momorr Ha cienara Metoza Oeme ycremna kaj 90,5% on manueHtuTe, U Toa
Kaj 60,5% npu mpBHOT 00H, a yCIIEIIHOCTa CO YITPaBYYHO BojeHara merona oemie 98% u toa 77% mpu
mpBHOT 00u1. KoMIiMkanuu Bo KOHTpOJIHATA Ipymia ce cpekasaar Kaj 14,5% mnauuent, Hacnpotu 4%
BO MCIMTYBaHAaTa IrpyIa IITO NPeTcTaByBa CTATUCTUYKK CUTHU(UKaHTHA pa3irka 3a p<0.05 (p=0.0008)

3aKiIy4oK:

VYnTpa3By4HO BOJieHaTa METO/a 3a IPUCTAI JI0 LIEHTPaIHaTa BEHCKa UPKYJIalfja BO UHTEH3UBHA Hera,
ja 3rojieMyBa YCHEIIHOCTa, F'0 HaMalyBa OpojoT Ha OOMIM U OTPEOHOTO BpeMe 3a KaTreTepu3alnja Kako
1 MEXaHUYKHUTE KOMIUTMKAIMH aCOLMPAHHU CO OBaa MOCTAarKa.
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