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Abstract:

Background: Central venous catheterization of Internal Jugular Vein (1JV) is commonly attempted procedure in
anesthesia and intensive care unit. The safe puncture of the 1JV is achieved by using anatomical land marks on
skin surface, however complications like carotid artery puncture, hematoma, hemothorax, pneumothorax,
catheter malposition and even death can occur during the procedure. Some studies have shown thatultrasound
guided cannulation could be beneficial in improving the success rate, reducing the number of needle passes,
decreasing access time and complications compared to anatomical landmark technique.The purpose of this
study was to compare success rate, mean access time and complication rate during internal jugular vein
cannulation by using landmark guided (LMG) technique and real time ultrasound guided (USG) technique.
Material and Methods:In this Prospective randomized comparative study, 60 patients who required 1JV
cannulation were randomly assigned to 13V cannulation either by LMG technique (n=30) or by USG technique
(n=30). Average access time, average number of attempts, difficulty in cannulation, arising complications and
demographics were recorded for each patient.

Results:There were no significant differences found in demographic features between the two groups.
Cannulation of the internal jugular vein was achieved with 100% success rate for first attempt cannulation in
USG technigue and in 76.6 % patients in LMG technique. The number of attempts for successful catheterization
was statistically lower in USG group of patients compared with landmark group (p=0.007). The mean access
time for successful catheterization was significantly reduced in the USG group (141.9 £ 64.79 seconds)
compared to LMG group (322.08 + 125.76 seconds). There was a significant difference found in the total
complication of the two groups (30% in LMG group and 6.6% in USG group, p=0.020). Four patients had
carotid artery puncture [USG group (n=0) and LMG group (n=4)], technical difficulty of threading the guide
wire was encounteredin six patient [USG group (n=1) and LMG group (n=5)] and one patient in USG group
had arrhythmia. Carotid artery puncture complication was increased significantly in LMG group (p=0.077 and
p=0.038).

Conclusion: The findings of this study indicate that ultrasound guided catheterization of the internal jugular
vein is superior to the landmark technique with respect to safety, rapidity and comfort to the patient during the
procedure and therefore should be the preferred method of choice.
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. Introduction

Central venous catheterization (CVC) is commonly attempted for hemodynamic monitoring such as
measurement of central venous pressure, long term fluid administration, antibiotic therapy, chemotherapy, total
parental nutrition, hemodialysis and difficult peripheral intravenous (IV) cannulation™ % °. Internal jugular vein
(JV), subclavian and femoral veins are the vessels of choice for acquiring central venous access, however
cannulation of 13V is usually preferred because of its anatomical position, large diameter and the low risk of
complications® 3. The safe puncture oflJV is accomplished by using anatomical landmarks on skin surface and
passing the needle along the anticipated course of the vein. Many anatomical landmark guided techniques for
IJV cannulation have been described® > 7. Complications including death are influenced by patient factors as
well as operator experience® **°. Furthermore, failure to catheterize the 1JV may occur in 19.4% of cases °. It
has been suggested that ultrasound guided central venous catheterization could improve the success rate, reduce
number of attempts, decreases cannulation time and complications™" *. Also, ultrasound can be used to view the
in vivo vascular anatomy of the neck and in asserting the size of 1JV and its anatomical relations thereby
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identifying the patients with difficult venous access and in whom serious complication can occur™. Although
ultrasound guided central venous cannulation has been compared favorably to anatomical landmark technique,
its widespread use has been restricted by the impracticality of a specially designed ultrasound machine or sterile
scanner manipulations, non-availability of equipment and lack of experienced operator**. Although few
prospective studies comparing ultrasound guided CVC versus anatomical landmark technique exists, studies in
the Indian context are lacking. Hence, this prospective study was designed to compare classical blind anatomical
landmark technique of 1JV cannulation with the ultrasound guided approach.

Il.  Material and Methods
Patients

This prospective randomized comparative study was conducted in the Department of Anesthesiology at
Yenepoya Medical College Hospital, Mangalore, Karnataka, from October 2012 to October 2013. A total of 60
patients aged 18 years and above of either sex who required 1JV cannulation for various indications such as
hemodynamic monitoring, inadequate peripheral venous access, long term infusion of medication, total
parenteral nutrition or who needed long term intravenous access were included in the study. Patients with
untreated coagulopathy (international normalization ratio > 1.5 and platelets < 50000/mm?®), known vascular
abnormalities, infections or burns at the site of cannulation and patients with traumatic injury to neck were
excluded from the study.The patients were randomly assigned to one of two groups: LMG group (cannulation
was attempted using anatomical landmarks) and USG group (cannulation was attempted using ultrasound
guidance). The demographic data of all the patients was recorded. A written, informed consent was obtained
from each patient. Institutional ethical committee approval was obtained.

Successful placement of CVC was assessed by chest X-ray obtained after the procedure. Mechanical
complications were defined as carotid artery puncture, skin hematoma, pneumothorax, haemothorax,
arrhythmia, brachial plexus injury and catheter malposition. Technical problem was defined as difficulty in
threading the guide wire after successful puncture of 1JV. Carotid artery puncture was identified by forceful
pulsatile expulsion of bright red blood from needle. All complications were evaluated clinically, by chest X-ray,
and by means of ultrasound where appropriate.

I11.  Methods

Landmark technique

Patients was placed in the supine position with 15° of Trendelenburg position and the head turned at a
30%angle to the opposite side, to expose the neck better and to keep the chin away from the procedure. Flexion
and extension of the neck were avoided. The operator wore gown, cap, mask and sterile gloves. Theskin at the
top of the triangle between the sternal and clavicular head of sternocleidomastoid muscle was cleaned with
povidone-iodine before the placement of sterile drapes. Then, the area was anesthetized with 1% lidocaine with
a 22-gauge needle and the 1JV was located with a 23 gauge “finder” needle connected to 5-ml syringe. The
needle was advanced through the skin at 45° angle in the direction of ipsilateral nipple. The return of venous
blood into the syringe confirmed entry into the vessel, and the finder needle was then used to guide a 18 gauge,
10 cm needle connected to 5-ml syringe. A guide-wire was then placed through the needle into the vein, and the
needle was removed. A central venous catheter (Novocent Trio, Poly Medicure Ltd. India) was placed over the
wire and advanced into the 1JV.

Ultrasound technique

The neck area was prepared and draped with the patient in supine position as described in the landmark
technique section above. A 7.5 MHz linear transducer (L14-6S, Mindray, Shenzhen, China) connected to a real-
time ultrasound machine (M7, Mindray, Shenzhen, China), wascovered with sterile gel and wrapped in a sterile
plastic sheath. Standard two-dimensional (2D) ultrasound imaging was used to measure depth, caliber, patency
and compressibility of 13V, and to identify presence of thrombi in the IJV. In case of pre-existing thrombus
and/or anatomical anomalies, the IJV on the contralateral side was catheterized. Catheterization procedure was
performed with real-time 2D images obtained by placing the transducer parallel and superior to the clavicle,
over the groove between the sternal and clavicular heads of the sternocleidomastoid muscle. This facilitated
visualization of 1JV, external jugular vein and the carotid artery.Vein compressibility and visible pulsations of
the artery were used to identify the 1JV and carotid artery. After choosing the proper position, the skin was
infiltrated with 1% lidocaine, and 18-gauge, 10 cm needle connected to 5-ml syringe was advanced through the
skin into the 1JV under ultrasound guidance. A guide-wire was then placed through the needle into the vein and
the needle was removed. A central venous catheter (Novocent Trio, Poly Medicure Ltd. India) was placed over
the wire and advanced into the 1JV.To minimize the effect of operator experience on the success rate and
mechanical complications, the operator was constant throughout the study. Furthermore, the operator was well-
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trained and experienced (5 years of experience in IJV catheter placement and 3 years of ultrasound experience)
in performing the procedure.

Data collection and statistical analysis

Demographic characteristics, such as age, gender, physical status (ASA), coagulation profile (such as
international normalization ratio and platelet count), and clinical parameters were recorded for all the patients.

The measured outcomes were the access time, the average number of attempts for successful
placement, the success of placement, and catheter complication like catheter malposition, carotid artery
puncture, skin hematoma, hemothorax, and pneumothorax.

Access time was defined as the time between the first skin puncture and aspiration of venous blood into
the syringe. Number of attempts was defined as number of separate skin punctures. When multiple needle
passes were attempted, the time from skin contact of the first needle to IJV cannulation was taken into
account.Successful placement was defined as the confirmation of catheter in proper position by aspiration of
venous blood and post procedural chest X-ray. The access time was measured in seconds by a stopwatch.
Complication, if occurred was managed according to the standard protocol.

Data was analyzed using Statistical Package for the Social Sciences (SPSS) software, version 11.5
(SPSS Inc. Chicago, IL, USA). Continuous variableswere expressed as mean + standard deviation. The student
t test was used to compare independent means, and chi-square test was used tocompare categorical variables. A
P-value (two-sided in all tests)of <0.05 was considered statistically significant.

IV. Results
Baseline characteristics of the study population are summarized in Table 1.There were no significant
differencesbetween the two groups for age, body mass index (BMI), gender, or presence of risk factors for
difficult venous cannulation such as prior catheterization, limited sites for access attempts, known vascular
abnormalities, untreated coagulopathy and skeletal deformity.

Table 1- Characteristics of the patients

Characteristics LMG group (n=30) USG group (n=30) P value
Age (years)® 55.3 +10.6 48.17 +17.15 0.055
Gender (male/female ratio) 18/12 22/8 0.273
Body mass index (kg/m?)? 25.7+£26 242+52 0.163

®Values are presented as mean =+ standard deviation.

No statistically significant difference was found between the groups in terms of positioning the catheter into
right and left 1IJV (p > 0.05) (Table 2).
Table 2- Right and Left 1JV cannulation data

Side of catheterization LMG group (n=30) USG group (n=30) P value
Right IV 20 16

0.292
Left IV 10 14

*p <0.05, statistically significant

With regards to the outcome measures, results using ultrasound guidance are in sharp contrast to those obtained
by the landmark technique and are presented in Table 3.

Table 3- Comparison of the outcome measures in the landmark group versus the ultrasound group

Outcome measures LMG group (n=30) USG group (n=30) P value
Access time (seconds) 322.08 + 125.76 141.9 +64.79 < 0.0001
Average number of attempts 1.36 £0.718 1+0 0.007
Success rate (cannulation in first attempt) 23 (76.6%) 30 (100%) 0.005
Overall Complications 9 (30%) 2 (6.6%) 0.020
Carotid puncture 4 (13.3%) 0 (0%) 0.038
Difficulty in threading the guide wire 5 (16.6%) 1 (3.33%) 0.087
Arrhythmia 0 (0%) 1 (3.33%) 0.375

Access time and the average number of attempts are presented as mean +* standard deviation. Overall complications, success
rate,carotidpuncture, difficulty in threading the guide wire and arrhythmiaare expressed as the absolute number of patients and
percentage of their group.

The mean access time and number of attempts for successful placement were both significantly higher
in landmark technique compared with the ultrasound guidance (p< 0.0001 and p=0.007 respectively) (Table 3).
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The success rate was significantly higher in the ultrasound group as compared to the landmark group
(p=0.005) (Table 3). Successful catheter placement was achieved at first attempt in 23 (76.6%) patients in
anatomical landmark group and in 30 (100%) patients in the ultrasound guided group. The maximum number of
attempts was recorded as 3 in landmark group and 1 in ultrasound group.

The overall complication rate was higher in the landmark group compared to the ultrasound group (p=
0.020) (Table 3). In the landmark group, puncture of carotid artery occurred in 13.3 of patients, which was
significantly higher compared with the ultrasound group (p=0.038). Technical difficulty of threading the guide
wire was seen in 16.6% of patients in the landmark group and in 3.33% of patients in the ultrasound group,
however this difference was not statistically significant(p>0.05). Furthermore, one patient in ultrasound group
had arrhythmia, but no such complication was observed in the landmark group.

Complications such as hematoma, pneumothorax, hemothorax, nerve injury, catheter malposition and
catheter infection were not observed in any of the groups.

V.  Discussion
The use of CVCs is associated with multitude of complications that are hazardous to the patient as well
as potentially costly to treat™. Mechanical complications have been reported to occur in 5% to 19%, infectious
complications in 5% to 26%, and thrombotic complications in 2% to 26% of the patients'® *’. Complications
I/la%/ according to the insertion route, patient anatomy, patient setting, technique used and operator’s experience”

The use of landmark technique for 1V cannulation was first described in 1966 by Hermosura et al*.
The traditional method of IJV cannulation includes the use of anatomical landmarks, artery palpation and direct
balloting of the vein'®.Ultrasound guided insertion of CVC was first described by Legler and Nugent in
1984%.Insertion of CVC under ultrasound guidance enables the operator to visualize the 1JV directly and
evaluate the surrounding anatomical structures prior to and during cannulation. When used, this method appears
to improve the success rate and decrease the possibility of anatomical complications associated with central
venous cannulation'™ 22!, The present study also demonstrates the superiority of ultrasound guided cannulation
of 1JV compared to landmark technique.Using ultrasound guided technique, 100% of the patients had successful
IJV cannulation on the first attempt versus 76.66% of the patients in the landmark technique. The results
g3btained in our study are in accordance with the success rates documented in in previous studies * > & 9 20 21 22

In our study, mean access time, average number of attempts and overall complications showed
significant difference between the anatomical landmark group and the ultrasound group, which is in agreement
with the previous studies™ 3,

The maximum number of attempts for 1JV cannulation was recorded as 3 in the landmark group versus
1 in the ultrasound group, which is in range with the previous reports®™ % 2%,

The most commonly observed mechanical complications during CVC placement are arterial puncture,
hematoma and pneumothorax™. There were no complications such as hematoma, pneumothorax, hemothorax,
nerve injuries or catheter infection observed in either group, we only observed carotid artery puncture and
arrhythmia.

The incidence of carotid artery puncture was greater(13.3%) with landmark technique than the
ultrasound guided technique (0%), which is consistent with the previous reports * 2. Also, ventricular ectopics,
a complication related to cannulation rather than technique, was observed in 3.33% of patients in the ultrasound
group, which reverted to the sinus rhythm on adjusting the depth of insertion of the guide wire. As reported in
earlier studies, this study also demonstrates that the incidences of mechanical complications using ultrasound
guided technique arenegligible” # %,

VI.  Conclusion
The findings of this study indicate that internal jugular vein catheterization using the ultrasound
guidanceis superior to anatomical landmark technique in regards to success rate of the first attempt and number
of attempts. Also, ultrasound guidance provides advantage of shorter access time and lower rate of mechanical
complications.
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