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ABSTRACT

Objectives: We aimed to compare the success rates, procedure times, and complication rates of the Landmark technique with ultrasonography-
guided (USG) central venous catheterization (CVC) in children undergoing cardiac surgery.

Methods: This study included 52 patients divided into two equal groups: the CVC with Landmark technique group (Group-1) and the USG CVC
group (Group-2). Demographic and clinical characteristics of the patients, internal jugular vein (1JV) diameters, and central venous pressures were
measured. Each needle penetration of the skin,, defined as one “attempt,"was recorded. The success rate, number of first-attempt successful cannula-
tions, number of cannulas used, successful cannulation time, and all observed complications were recorded.

Results: The groups had similar age, weight, height, sex, and diagnosis. There were no differences in 1)V diameter, IJV intervention history, and basal
central venous pressure between the groups. The successful cannulation time was short, and the number of attempts was low in Group-2. The number
of successful cannulations and first-attempt success rate were high in Group-2. The number of cannulas was lower in Group-2 than in Group-1. Failed
cannulations occurred in no patients in Group-2 and in seven patients in Group-1. The failed cannulations in five of the patients in Group-1 were subse-
quently successfully achieved with USG. The complication rates were high in Group-1.

Conclusion: USG CVC catheterization increased the number of successful cannulations and chance of first-attempt success on the, shortened the
procedure time, and reduced the incidence rate of complications.
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variations.®! As the diameter of the intervened vessel in-
creases, the chance of success increases and complication
rates decrease. Therefore, in the pediatric patient group
scheduled for CVC placement, the internal jugular vein

Introduction

Percutaneous central venous catheter (CVC) placement is
routinely performed for hemodynamic and central venous
pressure monitoring, drug administration, and blood trans-

fusion in the anesthetic management of pediatric patients
scheduled for congenital cardiac surgery.? CVC place-
ment in these patients is more difficult than in adult pa-
tients due to factors such as small vessel diameter, history
of multiple interventions, and more frequent anatomical

(1JV) is preferred over the subclavian and femoral veins be-
cause of its relatively larger vessel diameter.

With the Landmark technique, which is still routinely used in
many centers today, even in the most experienced centers,
the complication rates in CVC placement remain consider-
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ably high.™! Repeated unsuccessful punctures in patients
may cause simple complications such as local hematoma
and arterial puncture as well as serious complications such
as pneumothorax, chylothorax, hemothorax, and mediastini-
tis. Therefore, to reduce the incidence of complications and
increase the rate of success, current guidelines recommend
providing ultrasonography-guided (USG) vascular access.
¥ Vein diameter, localization, congenital anomalies, and an-
atomical variations are easily detected with US guidance. In
addition, simultaneous visualization of the needle during the
procedure leads to higher success, fewer needle insertions,
shorter catheterization time, and fewer complications.”

This study aimed to compare the success rates, procedure
times, and complication rates of the Landmark technique
with USG CVC.

Methods

The hospital’s ethics committee approval was obtained
for this prospective randomized study (#20.12.2019-402).
The study included 52 pediatric patients with an American
Society of Anesthesiologists score of 3-4 who underwent
congenital cardiac surgery between January 1, 2020 and
January 1, 2021. Parental consent was obtained for each
patient. The study was conducted in accordance with the
2008 Helsinki Declaration.

The exclusion criteria were as follows: parental refusal of
the patient to participate in the study, hemodynamic in-
stability, history of allergy to US gel, thrombocytopenia
<50,000 cells/ml, international normalized ratio value >1.5,
and emergency surgery (Fig. 1).

For the patient selection, sealed envelopes were placed
in patient files during preoperative anesthetic evaluation.
Patient randomization was determined according to the
envelopes placed in the patient files at the time of the pre-
operative evaluation immediately before the procedure.
The patients were divided into two groups: those who un-
derwent USG-guided CVC (Group-1, n=26) and those who
underwent CVC with the Landmark technique (Group-2,
n=26). In both groups, the right 1JV was primarily preferred
for CVC. However, if there was a contraindication, such as
hematoma, infection, or thrombosis at the intervention
site, catheterization was performed on the left side. All
catheterizations were performed by the same anesthesiol-
ogist who was experienced in pediatric cardiac anesthesia
(anesthesiologist with >50 catheterizations) and had expe-
rience in USG catheterization in children and adults.

Electrocardiography, pulse oximetry, and blood-pressure
monitoring were performed after the patients were taken to
the operating table. Patients received 0.1 mg/kg midazolam
(Dormicum® 5 mg/5 ml, Roche, Tiirkiye), 2 mcg/kg fentanyl

Assessed for eligibility
(n=57)

Enrollment

Excluded (n=5)

- Emergency surgery (n=2)

« Hemodynamic instability (n=2)
« Coagulopathy (n=1)

A\
| Randomized (n=52) |
\

Allocation

Allocated to group 1
(n=26)

Allocated to group 2
(n=26)

4 y
| Analysed (n=26) | | Analysed (n=26) |

Figure 1. Flow diagram.

(Talinat, Vem, Istanbul, Tiirkiye), 2-3 mg/kg propofol (propo-
fol 1% Fresenius®; Fresenius Kabi Medicine, Istanbul, Tirki-
ye), and 0.6 mg/kg rocuronium (Esmeron®, Merck Sharpoo
Dohme Pharmaceuticals Ltd., Germany) for induction. After
adequate muscle relaxation was achieved, orotracheal intu-
bation was performed using an appropriately-sized endotra-
cheal tube, and the patient was connected to a mechanical
ventilator (Drager Primus; Drager AG, Liibeck, Germany).

Before the procedure, a linear USG probe (5-12 MHz, Es-
aote, MyLab Six, the Netherlands) was used to measure the
anterior—posterior 1JV diameter in both groups. The cath-
eter diameters to be used did not exceed 1/3 of the mea-
sured vein diameter as a general rule.® Before the proce-
dure, the neck area was cleaned with 10% povidone iodine
and covered with a sterile perforated drape. All patients
were placed in a 20°-30° Trendelenburg position before
catheterization. The head was turned 45°-60° to the oppo-
site side of the jugular vein to be intervened. A shoulder roll
was used to expose the puncture site.

A linear probe was used for catheterization in Group-1.The
probe was wrapped in a sterile sheath and placed in the
short axis between the cricoid cartilage and the clavicle in
the neck. To obtain the widest cross-section of the I1JV, the
optimal position was determined by proximal and distal
movements with minimal pressure. Out-of-plane and short
axis approaches were applied during the procedure. After
the aspiration of venous blood, the Seldinger technique
was used to send the guide wire through the needle. The
position of the guide wire in the 1JV was confirmed with the
USG probe using the short and long axes. After dilatation,
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Figure 2. Procedure for ultrasonography-guided central venous catheterization. (@) Probe positioning for short axis (transverse) view, (b) short
axis ultrasound view of internal juguler vein (1JV), carotis artery (CA) and sternocleidomastoid muscle (SCM), (c) needle insertion, (d) short axis
real-time ultrasound image for needle view within internal juguler vein, (e) venous puncture, (f) long axis real-time ultrasound image for guide

wire view within internal juguler vein.

a central catheter was inserted into the vein through the
guide wire and then fixed therein (Fig. 2).

In Group-2, the apex of the triangle formed by the sternal
and clavicular heads of the sternocleidomastoid muscle
with the clavicle was determined to be the entry site. The
needle was directed toward the ipsilateral nipple. After
monitoring the aspiration of venous blood, the Selding-
er technique was used to send a guide wire through the
needle, and the needle was then removed. Following dila-
tation performed with the help of a dilator of appropriate
size over the wire, a central catheter with its lumen washed
with saline was inserted and fixed with a 2/0 silk suture.

In both groups, if cannulation could not be achieved after
three attempts or within 15 min, the method was considered
to have failed, and we switched to the alternative method.
The reasons for failure were recorded. When cannulation
could not be achieved with the alternative technique, surgical
cannulation using the cut-down technique was performed.

The demographic and clinical characteristics of the patients
were recorded. IJV diameters and central venous pressures
measured in both groups were recorded. Patients with
a history of intervention at the same site were reported.
Each skin penetration with the needle was considered as
one “attempt” and recorded. The success rate, number of
first-attempt successful cannulations, number of cannulas
used, and time until successful cannulation were recorded.
All observed complications were recorded.

Statistical Analysis

For statistical analysis, the program SPSS v.22.0 for Win-
dows (IBM SPSS Statistics for Windows, IBM Corp., Ar-
monk, NY) was used. Numerical data were expressed as
the mean and standard deviation and categorical data as
the frequency and percentage. The Kolmogorov-Smirnov
test was performed to test for normality of the distribu-
tion of the noncategorical data. Student’s t-test was per-
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Table 1. Patient characteristics

Group 1 Group 2 P
(n=26) (n=26)

Age (month) 13.8£14.6 15.6+£17.3 0.680
Weight (kg) 7.3+2.9 7.9+3.9 0.575
Height (cm) 69.8+11.6 71.7+13.1 0.579
Sex

Male 16 14 0.575

Female 10 12
Diagnosis 0.394

TOF 7 4

VSD 8 6

AVSD 3 6

TAPVD 0 3

Coarctation of the aorta 1 1

Others 7 6
Baseline heart rate 124+12 123+14 0.894
Baseline systolic blood 87114 82+14 0.222
pressure (mmHg)
Baseline diastolic blood 5010 46+8 0.118
pressure (mmHg)
Baseline central venous 46+3.5 43130 0.737
pressure (mmHg)
1JV diameter (mm) 57+1.2 6.1£0.9 0.219
Previous cannulation, n (%) 6(23.1) 6(23.1) 1.000

*: Statistically significant. Data are means+SD or numbers. TOF: Tetralogy of fallot;
VSD: Ventricular septal defect; AVSD: Atrioventricular septal defect; TAPVD: Total
anomalous pulmonary venous drainage; IJV: Internal jugular vein.

formed to compare normally distributed data, and the
results were given as the meanzSD. The Mann-Whitney
U-test was performed to compare the data that was not
normally distributed, and the results were presented as
the meanzSD. The chi-square or Fisher’s exact test was
performed to compare the categorical data in the groups,

Table 2. Outcome data
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and the results were presented as n %. In all comparisons,
p<0.05 was accepted as indicating statistical significance.

Results

The demographic characteristics of the patients are shown
in Table 1. The two groups were similar in age, weight,
height, sex, and diagnosis. There were no differences in
the 1JV diameter and history of interventions on the JV
between the two groups. There was no difference in basal
central venous pressure between the groups.

The cannulation success results are presented in Table 2.
Compared with Group-2, the time until successful cannu-
lation was shorter (p<0.001), and the number of attempts
was lower (p=0.002) in Group-1 than Group-2. The number
of successful cannulations and first-attempt success rate
were significantly higher in Group-1 (p=0.012 and 0.002,
respectively). Fewer cannulas were used in Group-1 than in
Group-2 (p=0.004).

There were 0 and 7 failed cannulations in Groups 1 and 2, re-
spectively. The failed cannulations in Group-2 were caused
by unsuccessful venipuncture in one patient and inability to
advance the guide wire in six patients. In five of the patients
with failed cannulations in Group-2, subsequent cannula-
tions were successfully performed under USG. The numbers
of patients who underwent surgical cut-down following
failed cannulations were similar between the two groups.

No complication developed in any patient in Group-1. In
Group-2, hematoma occurred in two patients, thrombus
occurred in one patient, hemothorax occurred in one pa-
tient, pneumothorax occurred in one patient, and chy-
lothorax occurred in one patient postoperatively (Figs 3-5).
The complication rates were significantly higher in Group-2
than in Group-1 (p=0.034).

Group 1 Group 2 P
(n=26) (n=26)
n % n %

Time of attempted cannulation (min) 46+1.8 8.8t4.1 <0.001*
Number of attempts (n) 1.1+£0.3 1.7+0.9 0.002*
Successful cannulation on first attempt 23 88.5 15 57.7 0.012*
Patients with successful cannulation 26 100 19 73.1 0.004*
Causes of failure 0.018*

Failure to puncture vessel 0 1

Failure to place guide wire 0 6
Number of cannulae used (n) 1.0+0.0 1.2+0.4 0.004*
Surgical cutdown 0 2 0.149
Complications 0 6 0.034*

*Statistically significant
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Figure 3. Hemothorax.

Discussion

According to our study, compared with the Landmark
technique, USG increased the success rate, shortened
access times, and decreased the frequency of complica-
tions in CVC applications for pediatric patients undergo-
ing cardiac surgery.

In their prospective study of 179 pediatric patients, Vafek
et al.® compared USG CVC application with the Landmark
technique and found that the rate of success and number
of successful first attempts were higher in the USG group,
but the difference was not significant. In a study by Froe-
hlich et al."® that included 212 patients hospitalized in
the pediatric anesthesia intensive care unit, the research-
ers found no difference in the success rate and procedure
duration between the Landmark technique and USG.
When we examined the methodologies in the studies,
we found that the practitioners in the two studies had
varying levels of experience, and venous intervention
sites were not standardized on a single site. Catheteriza-
tion success in CVC applications is affected by many fac-
tors, such as the diameter and tracing of the veins in the
venous access site. In addition, in the applications per-
formed using USG, it is obvious that the success rate in-
creases with higher levels of experience. We believe that
the lack of standardization of all these variables, which
may affect the results of the studies, is a limitation in the
methodology of these studies and affects their results.

In their study of 150 pediatric patients, Bruzoni et al."!
compared USG with the Landmark technique in CVC can-
nulation and found that USG increased the chance of suc-
cessful first attempts. In their meta-analysis of 15 studies,

Figure 5. Thrombus.

1JV: Internal juguler vein; CA: Carotis artery.

Lau et al.'" found that, compared with the Landmark tech-
nique, USG significantly reduced the incidence of failed
CVC cannulation in a pediatric patient population. In their
meta-analysis of 760 pediatric patients, Lau et al."? found
that USG reduced the failure rates in CVC cannulation.
Consistent with many studies in the literature, our study
also showed that the use of USG in CVC cannulation by an
experienced practitioner in the pediatric patient group in-
creased the success rates by shortening the access time.

In a study by Deny et al™® involving 200 patients to de-
termine vascular malposition in the IJV in adult patients, it
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was reported that 5.5% of patients had malposition. In the
study of Alderson et al." in a pediatric patient group, this
rate was 18%. No matter how experienced the practitioners
are in CVC cannulation in the pediatric patient group, failure
rates will be higher due to the high incidence of malposition
for the Landmark technique (based on blind estimation of
the normal anatomy) than for USG-guided CVC cannulation
for which detailed anatomical visualization is available. Our
study results are consistent with those in the literature.

One of the important factors determining the chance of suc-
cess in cannulation is the diameter of the vessel to be inter-
vened. Studies have shown that as the patient weight and
surface area decrease, the vessel diameter decreases, and
therefore, the chance of successful CVC application is lower
in pediatric patients than in adults."®'® When we analyzed
the reasons for failure in our patients, we found that the
most common reason was the inability to advance the guide
wire. We believe that this is because the needle is not fully
inserted into the lumen of the vessel and the guide wire can-
not be placed correctly in children with small vessel diame-
ters in applications performed with the blind technique. We
attributed the fact that we did not encounter this problem
in the USG group to not being able to determine the nee-
dle and catheter locations more accurately by USG. Another
reason for failure in our study was unsuccessful venipunc-
ture. Many studies have emphasized that venous anatom-
ical malrotation are more common in pediatric patients in
adults. The incidence of this malrotation in patients sched-
uled for cardiovascular surgery is even higher than in the
normal pediatric population.'® Therefore, especially in this
patient group, USG helps identify malrotation and increases
the chance of success by allowing more accurate artery-vein
anatomical localization than does the Landmark technique.

Similar to our results, the meta-analysis of de Souza et al.l'®
showed that the incidence of complications, such as arterial
puncture, was reduced by USG relative to that by the Land-
mark technique. A meta-analysis of 354 patients by Oule-
go-Erroz et al.®! showed a decrease in all complication rates
when USG was used. Another noteworthy point in this study
is that practitioners were divided into three groups accord-
ing to their experience: low, medium, and high. Although the
proportion of highly experienced practitioners was higherin
the group using the Landmark technique, the first-attempt
and overall success rates were higher and the total number
of attempts and overall complications incidence rate were
lower in the USG group. These results further indicate how
successful USG was versus the Landmark technique.

In our study results, consistent with the literature reports,
we found fewer complications in the USG group. When we
evaluated the complications in the group cannulated with
the Landmark technique, we found that the most com-

mon complications were hematoma and arterial puncture,
whereas there were no complications in the USG group.
We also found that one patient in the Landmark technique
group developed chylothorax in the postoperative period.
When we reviewed the patient records, we found that the
puncture was performed primarily from the right jugular
vein in this patient, and cannulation was then performed
from the left side upon development of hematoma. There-
fore, especially in CVC applications on the left 1JV, ductus
thoracicus injury should be kept in mind as a very rare com-
plication (1%) that may lead to mortal consequences with-
out early in intervention.”?We believe that a preference for
the right jugular region and the use of USG can help pre-
vent this rare complication.

Limitations

Our study’s limitations include its single-center nature, the
frequency of catheter-related infections was not deter-
mined due to perioperative broad-spectrum antibiothera-
py, and the USG preparation time was excluded from the
procedure time in the USG group.

Conclusion

Our study results showed that in patients undergoing pe-
diatric cardiovascular surgery, USG CVC catheterization in-
creased the number of successful cannulations, increased
the chance of first-attempt success, shortened the procedure
time, and reduced the complications incidence rate. There-
fore, we recommend the widespread use of USG in CVC ap-
plications in pediatric patients scheduled for cardiovascular
surgery and that training should be provided to clinics that
do not have experience in the routine use of USG. In this way,
we believe that more successful cannulation procedures can
be performed with a lower incidence rate of complications.
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