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INTRODUCTION
Two-thirds of end-stage renal disease (ESRD) patients under-
go hemodialysis (HD), one-quarter have kidney transplants,
and one-tenth require peritoneal dialysis (1). For HD, three
access procedures are commonly used: an autogenous arte-
riovenous fistula (AVF), a prosthetic bridging graft (BG), and
an indwelling central venous catheter. The ideal access
should be durable, easily punctured, provide a sufficient
flow rate for efficient dialysis, and have a low complication
rate (2). The autogenous AVF was approved by the Kidney
Disease Outcome Quality Initiative (KDOQI) recommenda-
tions as to the first-line technique for vascular access since
it tends to get closer and closer to meeting these standards
(3). Although AVF is the first option for permanent vascu-
lar access, it is required at least 6-8 weeks pass after its con-
struction before using it (4, 5). Furthermore, persistent res-
piratory failure, ischemia steal syndrome, and patients with
severe cardiac failure may not be suitable for AVF (6, 7).
The BGs should not be punctured before 14 days and are
not recommended as primary vascular access. As a result,
both permanent and temporary cuffed tunneled catheters
are used in these cases and in those with acute HD (8, 9).
If the patient needs access for longer than a month, tun-
neled catheters should be used (10). According to a recent
report, approximately 80% of those with ESRD will require
a hemodialysis catheter during their long-term treatment
(11). Anatomical landmarks are used in traditional
hemodialysis catheter insertion methods. The absence of a
pulsatile flow pattern and the dark color of venous blood
indicate successful cannulation. Based on landmarks, suc-
cess rates range from 60% to more than 90%, with the
reported risk of complications ranging from 5% to 20%
(12). Anatomical landmark methods have a higher failure
rate, require more attempts, and have a higher complica-
tion rate (13). Long-term problems such as thrombosis,
infections, and central venous stricture, as well as early
complications like pneumothorax, arterial puncture, and
puncture site hematoma, have been attributed to HD
catheters (14). In 1973, the first description of catheter
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implantation into the IJVs using US guidance was pub-
lished (15). To lower the arterial puncture risk, US guid-
ance has been followed (16). As a result, the National
Kidney Foundation suggested using real-time ultrasound to
guide the central venous catheters’ insertion, to improve
insertion success and reduce placement-related complica-
tions as well as fluoroscopic screening for proper catheter
tip localization after tunneled catheter insertion (5). In the
real-time US, the US probe can be positioned longitudinal-
ly, leading to a long-axis view on the screen, or transverse-
ly relative to the vessel, resulting in a cross-sectional image
of the vessel on the screen. The cross-sectional image offers
the advantage of enhanced vein imaging in association with
the artery and other anatomic structures, which may help
prevent accidental arterial puncture (17). The needle, on
the other hand, is only visible as a hyperechoic point in the
cross-sectional picture, which may or may not be the nee-
dle's tip. The entire needle, as well as the needle tip depth,
are visible on the US image when utilizing the long-axis
view, decreasing posterior venous wall puncture (18). 
The current research aimed to assess the complication rate
and technical success and provide our center's experience
with real-time US-guided IJV central cannulation for HD
patients.

MATERIALS AND METHODS
This retrospective study included all patients who had US-
guided internal jugular vein (IJV) central HD catheters
placed at our facility between March 2019 and March 2021.
All procedures performed in this study complied with
institutional and/or national research council ethical stan-
dards as well as the 1964 Declaration of Helsinki and its
subsequent amendments or similar ethical standards.
Protocols and written informed consent for all partici-
pants were approved by the Research Ethics Committee of
the Faculty of medicine, Al-Azhar University (FMG-IRB).
The medical records of 150 participants with ESRD were
examined. Demographic data like age and gender were col-
lected and analyzed. Other Information like the etiology
and type (acute or chronic) of renal failure, operative time,
number of needle punctures, technical success, site of
catheter insertion, and procedure-related complications
were also collected and analyzed. Patients were considered
high risk if they had multiple catheter insertions, had prior
catheter difficulties, had poor compliance, were obese, had
disturbed conscious levels, had a bony deformity, or had a
blood coagulation disorder. Prior and post-insertion chest
X-ray findings were reviewed. Prior to catheter implanta-
tion, all participants underwent full blood count, and coag-
ulation profiles were examined. Fresh frozen plasma was
used when necessary. For the procedure, all patients signed
a written informed consent form. Permanent tunneled
catheters were silicon-based and featured two lumens with
a diameter of 14-15 F. Depending on the body size of the
participant, the length was optimized (19, 23, or 28 cm).
The catheters' Dacron cuffs were around 5 cm away from
the exit point, providing a barrier to infections and stabili-
ty by forming fibrous tissue around them. All procedures
were carried out in the main operating room, which has a
portable US machine (Esaote MyLab One, MeCan Medical,
China) and a portable C-arm machine available all the time.

Vascular surgery consultants or senior specialists carried
out all procedures. The skin overlying the intended inser-
tion location was prepared, cleaned, and draped while the
patient was supine. IJVs were used for permanent catheters
first on the right and then on the left (in case of thrombo-
sis or stenosis of the right one). If both veins are obstruct-
ed, the subclavian vein was utilized. Using a 7 MHz linear
probe, the internal jugular vein was visualized horizontal-
ly. After monitoring the carotid artery on the medial side
and the internal jugular vein on the lateral side, the vein's
compressibility and the artery's pulsatility were investigat-
ed (Figure 1). Cannulation of the IJV was attempted. The
operator noticed the needle's pathway while centering a
large-bore needle (16 G, 10 cm) under the middle of the
probe at a 45° slope to the skin (Figure 2). 

Figure 1. 
Visualizing the carotid artery and the IJV using real-time US.

Figure 2. 
A needle 
is directed
towards the
middle of the
probe at a 45°
slope to the
skin to
cannulate 
the IJV.

Figure 3. 
Detection of
a flush of
blood
coming out
of the IJV.
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The needle path shows up as a spot in the horizontal view
and a hyperechoic line in the longitudinal view, with ring-
down artifacts. When a flush of blood was detected, the
US probe was taken down and the conventional Seldinger
method was performed under fluoroscopic guidance
(Figure 3) and (Figure 4).
Statistical analysis was carried out by SPSS for Windows
version 13.0. The mean ± and standard deviation of
numerical variables were calculated. 
The paired Student, t-test, or Mann-Whitney U test was
utilized for intergroup comparisons. P values less than
0.05 was significant statistically.

RESULTS
150 HD patients were categorized into two groups: nor-
mal (88) and high-risk (62). Female patients represent
(64.7%, and 35.4%) respectively, while male patients rep-
resent (65.3% and 64.5%) respectively. The patients'
mean ages were 55 (37 to 74) for the normal group and
54 (37 to 75) for the high-risk group. Table 1 presents the
clinical characteristics of the study patients. The nephrol-
ogy clinics referred 126 patients (84%), while other clin-
ics referred the remaining (16%). 

Diabetes mellitus was ESRD’s most common etiology,
accounting for 54 individuals (36%), and hypertension in
22 (14.6%). Other causes like chronic glomerulonephri-
tis, polycystic kidney disease, obstructive uropathy, and
unknown accounted for 49.4% of patients. In the normal
group, 79 (89.7%) catheters were inserted through the
right IJV, while 9 (10.2%) catheters were inserted through
the left IJV. Thirty-two catheters (51.6 percent) were
inserted through the right IJV in the high-risk group,
while 30 (48.3 percent) were inserted through the left
IJV.70 (79.5%) participants within the normal group and
23 (37.1%) participants within the high-risk group had
their first dialysis session after catheterization; the
remaining patients were already on regular HD therapy
and required new vascular access because of the failed
previous one. 21 (33.8%) of the high-risk group referred
to us due to catheter malfunction. For the high-risk
group, fresh frozen plasma was given to 5 patients prior
to the procedures due to abnormalities in the coagulation
profile. IJV cannulation was performed on all patients.
The normal group's first-attempt success rate was 89.8%,
while the high-risk group was 72.5% (p = 0.006). 
The high-risk group took longer to cannulate IJV than the
normal-risk group (35.4 ± 0.11) minutes versus (21.2 ±
0.09) minutes (p < 0.001) Table 2. 
During the study, no serious complications took place.
Arterial puncture did not occur in either of the patients in
the normal group, but it did occur in four patients (6.4%)
within the high-risk group during catheter insertion in
the IJV (p = 0.017). Two patients in each group got a
small neck hematoma. After placing a left IJV tunneled

Table 1. 
Patient’s clinical characteristics.

Patient’s Normal group High-risk group P-value
characteristics (n = 88) (n = 62)

Age (years) #

Mean ± SD 55.15 ± 10.96 54.19 ± 10.98 0.598
Range 37-74 37-75

Gender ▲ 0.888
Female 31 (64.7%) 22 (35.4%)
Male 57 (65.3%) 40 (64.5%)

Comorbidities ▲

IHD 23 (26.1%) 15 (24.1%) 0.782
DM 48 (54.5%) 38 (61.2%) 0.416
HTN 51 (57.9%) 39 (62.9%) 0.540
# Independent Sample t-test; ▲: Chi-square test; P-value > 0.05 NS.

Table 2. 
The number of venous cannulation attempts 
and average procedure time.

Normal group High-risk group P-value
(n = 88) (n = 62)

Number of attempts ▲

1 79 (89.8%) 45 (72.5%) 0.006*
2 9 (10.2%) 14 (22.6%) 0.039*
> 2 Non 3 (4.9%) 0.037*
Average procedure time (35.4 ± 0.11) minutes (21.2 ± 0.09) minutes < 0.001**
# Independent Sample t-test; ▲ Chi-square test; P-value > 0.05 NS; * p-value < 0.05 S; ** P-value < 0.001.

Figure 4A. 
Progression
of the
catheter
inside a
subcutaneous
tunnel.

Figure 4B. 
Peeling the
peel-away
sheath.

Figure 4C. 
Testing the
catheter for
smooth blood
flow (right).
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permanent catheter, one patient in the high-risk group
developed a pneumothorax, which was managed by
inserting an intercostal chest tube.

DISCUSSION
Traditionally, anatomical feature sites have been used for
central venous access placement. Despite this, the land-
mark procedure was associated with a statistically signif-
icant risk of complications and failure rate due to the
patients' abnormal anatomy and probable vascular
pathology, as well as depending on the individual opera-
tors' proficiency (19). Prior studies conducted reported a
35% failure rate for central vein catheterization using
anatomic landmarks alone, with published complication
rates ranging from 5% to 40% (20). The US access guid-
ance has lately become commonly utilized as a quality
indicator to prevent procedure-related sequelae. Real-
time ultrasonography has been utilized for directing
interventional procedures in a variety of situations for
many years and has become a clinical practice standard.
Because of technological advancements and enhanced
image quality, real-time ultrasound allowed for the loca-
tion of the appropriate target vessel and optimized punc-
ture site. Anatomical variation is easily identified, and
venous thrombosis is excluded (21). There is strong evi-
dence that using real-time ultrasound guidance for vas-
cular access increases the procedure's safety and efficacy
when compared to anatomical landmarks. Numerous
studies have found that using ultrasonography during
central venous catheterization improves clinical and
technical success and reduces technical difficulties (22).
In a study comparing the US Guided central venous
catheterization to the anatomical landmark technique,
the total rate of success was estimated to be higher in the
US-guided technique (98% vs. 90%), and the first
attempt success rate was higher in the US-guided tech-
nique (80 vs. 60 %). With US-guided catheterization, the
complication rate was also significantly smaller (arterial
puncture, 1% vs 8% pneumothorax, 0 vs 4% and neck
hematoma, 4% vs 10%) (23). US guidance was found to
significantly minimize the probability of arterial punc-
ture (p = 0.002) in a randomized study (9). The blind
technique was not preferred in our study, even in emer-
gencies, because the portable US machine was available
in the operating room around the clock. Furthermore,
only the real-time method was used, rather than the stat-
ic technique, as European Best Practice Guidelines
strongly suggested that real-time ultrasound guidance,
rather than ultrasound assistance, be used routinely for
both long- and short-term central venous access (Strong
consensus) (100%) (19). In our research, we found an
insignificant difference between the normal and high-
risk groups regarding the patient’s clinical characteristics
(p-value > 0.05). The most common cause of ESRD was
diabetic nephropathy. In this current study, the total suc-
cess rate was (100%) and the first attempt's success rate
was 82.6% (89.8 % for the normal group and 72.5 % for
the high-risk group). Nine cases (10.2%) in the normal
group required more than one attempt, while 17 cases
(27.5%) in the high-risk group needed further attempts.
In the high-risk group, three cases needed 3 attempts

(one case was due to obesity, another patient had previ-
ous catheter difficulties, and the third was due to poor
compliance). During this research, there were no record-
ed major complications. The overall rate of arterial punc-
ture was (2.6%). During catheter insertion in the IJV,
only individuals in the high-risk group had an inadver-
tent arterial puncture. Two patients in each group got a
minor neck hematoma. In the high-risk group, one
patient developed pneumothorax after placing a left IJV
tunneled permanent catheter which was managed with
an intercostal chest tube insertion. Our results regarding
higher success rate and low complication rate were com-
parable to the results of the above-mentioned studies (9,
22). The current study's high success rate and low com-
plication rate could be attributed to the use of US guid-
ance, the procedures being performed by competent
physicians, and the preferential use of IJVs as access
sites. Even under US guidance, the physician's experi-
ence, according to Tordoir et al., is an important determi-
nant of the complication rate (4). No difference was
found by Geddes et al. between experienced and inexpe-
rienced physicians when US advice was utilized (24). In
our report, we exclusively utilized subclavian veins in
patients with IJV occlusions because they are no longer
used routinely due to the risk of central venous stenosis. 

CONCLUSIONS
Real-time ultrasound has been indicated as a means to
improve success rates, shorten operation time, and lower
the number of complications associated with HD catheter
implantation in IJVs. Even when using US guidance, prior
catheter placement experience reduces complication
rates. Ultrasound guidance is becoming a standard tech-
nique that should be recommend in all cases.
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