
ORIGINAL ARTICLE

Central Venous Catheter Insertion for Vascular Access:  
A 6-year Single-center Experience
Merve Misirlioglu1 , Dincer Yildizdas2 , Damla Pinar Yavas3 , Faruk Ekinci4 , Ozden Ozgur Horoz5 , Ahmet Yontem6

Received on: 27 June 2023; Accepted on: 21 August 2023; Published on: 30 September 2023

Ab s t r Ac t
Background: Central venous catheterization is performed for such reasons as hemodynamic monitoring, parenteral nutrition, drug and fluid 
administration, and extracorporeal treatment. This study aimed to retrospectively review the indications for central venous catheter (CVC) 
insertion for vascular access and removal by pediatric intensive care unit (PICU) physicians, catheter types, and catheter-associated complications. 
Materials and methods: The indications for CVC insertion and removal, catheter insertion site, types of catheters, catheter-associated 
complications, whether or not insertion was ultrasonographically guided, catheter-associated infections, and duration of use of 1200 catheters 
used by PICU physicians between 2015 and 2020 were retrospectively reviewed.
Results: In all, 315 (26.3%) hemodialysis catheters and 885 (73.8%) CVCs were inserted. Mean duration of catheter use was 12.33 ± 7.28 days. 
CVCs were inserted most commonly (28.4% [n = 341]) based on the indication of multiple drug infusions. In total, 44.8% of the CVCs were 
inserted under ultrasonographic guidance. The most common reason for the removal of catheters was that they were no longer needed (76.8% 
[n = 921]). Catheter-associated bloodstream infection occurred at the rate of 5.5 days per 1000 catheter days.
Conclusion: Central venous catheterization is becoming more widespread because of the benefits it provides during the follow-up and 
treatment of children. As central venous catheterization is a more invasive procedure than peripheral localization and is associated with severe 
complications, especially in pediatric patients, it should be carefully performed under sterile conditions and by experienced personnel based 
on appropriate indications. Central venous catheters should be removed as soon as the need disappears.
Keywords: Catheterization, Child, Intensive care, Ultrasonography, Vascular access.
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Hi g H l i g H ts
• Central venous catheterization is a method that is increasingly 

used because of the benefits it provides in the treatment of 
children. 

• In pediatric patients, it should be carefully applied in sterile 
conditions and by experienced people with appropriate 
indications. It should be removed as soon as the need 
disappears. 

in t r o d u c t i o n
Although reliable vascular access in pediatric patients is critical, 
it can be challenging to achieve in critically ill children. Central 
venous catheterization is used in intensive care units, operating 
rooms, emergency services, and other services for monitoring, 
diagnosis, and treatment purposes. Due to its varied uses and the 
benefits it provides, its use is consistently increasing. Central venous 
catheterization is attempted using the femoral, internal jugular, 
and subclavian veins.1

Central venous catheterization is a more invasive procedure 
than peripheral catheterization, and is associated with more 
complications; ventricular arrhythmia, arterial puncture, tamponade, 
hemothorax, pneumothorax, arterial-vessel lacerations, and 
catheter malposition can occur.1–3 The present study aimed to 
retrospectively review the indications for central venous catheter 
(CVC) insertion and removal by pediatric intensive care unit (PICU) 
physicians for vascular access, and catheter types, and catheter-
associated complications.

MAt e r i A l s A n d Me t H o d s
Central venous catheters inserted by PICU physicians in patients 
who were being followed-up and treated in the pediatric diseases 
clinic of a tertiary university hospital were retrospectively reviewed. 
In general, central venous catheterization is performed by PICU 
physicians at our hospital. As with all interventional procedures, the 
patients’ parents were informed about the CVC insertion procedure 
and their written consent was obtained by the physician prior to 
performing the procedure.

Central venous catheters were divided into four groups: 
peripherally inserted CVC, non-tunneled CVC, tunneled CVC, and 
implanted catheters (also known as ports). In terms of duration 
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of use, there are two types of CVC: permanent and temporary. 
While temporary catheters are non-tunneled catheters with a 
peripherally located CVC, tunneled and implanted catheters 
are permanent.4 In this study, only centrally located temporary 
non-tunneled catheters were reviewed. Adequate sedation and 
analgesia were administered before the insertion procedure and 
the patients were followed-up with monitors measuring heart 
rate and rhythm, the respiratory rate, and oxygen saturation. The 
catheterization procedure was performed using the Seldinger 
method under conditions of asepsis and antisepsis.5 To visualize 
catheter placement after the insertion procedure and to evaluate 
complication development, a direct X-ray was obtained.

Central venous catheter-associated infection is diagnosed when 
the catheter has been in place for >48 hours and there is no source 
of infection other than the catheter, and bacteremia/fungemia is 
diagnosed based on ≥1 positive peripheral blood culture result and 
accompanying clinical findings of infection. When blood cultures 
taken from the catheter and periphery are compared, catheter 
blood culture grows ≥2 hours earlier and the number of colonies 
is five-fold greater, and the difference is significant. CVC-associated 
bloodstream infection is diagnosed according to the Clinical 
Practice Guidelines for the Diagnosis and Treatment of Intravascular 
Catheter-Associated Infection published by the American Infectious 
Diseases Society.6

Data for 1200 CVCs inserted by PICU physicians in patients 
followed-up and treated in the pediatric clinic inpatient service 
between January 1, 2015 and December 31, 2020 were obtained 
from patient’ medical records. The study included only successful 
catheter insertions in patients aged <18 years. Patients aged >18 
years, those patients whose data were unavailable, unsuccessful 
catheterization attempts, and catheters inserted by departments 
other than the PICU were excluded from the study. Indications 
for catheter insertion and removal, the insertion site, the vessel 
used, catheter size, whether or not insertion was performed 
under ultrasonographic guidance, duration of catheter use, and 
the presence of catheter-associated bloodstream infection were 
examined. The study protocol was approved by the Non-Invasive 
Clinical Research Ethics Committee.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows v.20.0 
(IBM Corp., Armonk, NY). Descriptive statistics are presented as 
mean ± SD and median (range). In terms of quantitative data, 
Student’s t-test was used for data with normal distribution 
and the Mann–Whitney U test was used for data not normally 
distributed. The Chi-square test was used to evaluate categorical 
data. The receiver operating characteristic curve (ROC) was used 
to evaluate the ability of the duration of catheter use to predict the 
development of catheter-associated infection, and the area under 
the curve (AUROC) was calculated. The best cut-off scores according 
to ROC analysis were calculated using YOUDEN’s index. The level 
of statistical significance was set at p < 0.05.

re s u lts
Data for 1200 CVCs inserted by PICU physicians between January 1, 
2015 and December 31, 2020 in patients treated and followed-up in 
the pediatric clinic inpatient service were retrospectively reviewed. 
Mean age of the patients was 5.25 ± 4.64 years (range: 0–18 years). 
In total, 54.8% (n = 657) of the 1200 catheters were inserted in male 

patients, and 26.3% (n = 315) of all the catheters were hemodialysis 
catheters. The mean duration of catheter use was 12.33 ± 7.28 days 
(range: 1–41 days). The mean duration of hospitalization was 27.6 ±  
21.2 days (range: 2–119 days). The most common indication for CVC 
insertion was multiple drug infusion (28.4% [n = 341]). The right 
internal jugular vein was most commonly used for CVC insertion 
(43.8% [n = 526]) (Fig. 1). In all, 76.8% (n = 921) of the catheters were 
removed because they were no longer needed. Table 1 presents 
the features of the inserted catheters, indication for catheterization, 
catheter type and dimensions, insertion vessel, whether or 
not ultrasonographic guidance was used during insertion, and 
indications for CVC removal. During the catheter insertion attempt; 
96.8% (n = 484) did not develop complications. It was found 
that complications, such as 1.4% (n = 7) arterial puncture, 1.0%  
(n = 5) catheter malposition, 0.4% (n = 2) pneumothorax, and 0.4%  
(n = 2) ventricular arrhythmia developed.

The catheter-associated bloodstream infection rate was 6.8%  
(n = 82); 5.5 days in 1000 catheter days. The cultured microorganisms 
were as follows: gram-negative bacteria: 46.3%; fungi: 31.7%; 
gram-positive bacteria: 22%.The frequency of infection according 
to 1000 catheter days showed that there were more infections 
in the CVC according to the type of CVC and in the femoral 
region according to the catheter insertion site, in cases in which 
ultrasonographic guidance was not used (Table 2). In total, 44.8% 
of the CVCs were inserted under ultrasonographic guidance. The 
use of ultrasonographic guidance increased over the course of the 
study and its use by year is shown in Figure 2. While infection and 
thrombosis development were observed more frequently in cases 
of catheter insertion without ultrasonographic guidance, their 
frequency did not differ significantly between insertion with and 
without ultrasonographic guidance (p > 0.05) (Table 3).

The effects of some clinical features on the development 
of catheter-associated bloodstream infection were evaluated  
(Table 4). The incidence of catheter-associated bloodstream 
infection was higher in patients that received total parenteral 
nutrition and in those with catheter size ≤7 Fr (p = 0.008 and  
p = 0.005, respectively). The mortality rate was higher in patients 
that developed catheter-associated bloodstream infections. 
Duration of hospitalization was longer in patients that developed 
catheter-associated bloodstream infections, as compared with 
those that did not (Table 5).

Fig. 1: Distribution of catheter insertion sites according to year
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The duration of catheter use was significantly longer in 
the patients who developed catheter-associated bloodstream 
infections than in those who did not (19.0 days and 11.8 days, 
respectively) (p < 0.001). The AUROC analysis was performed 

(AUROC 0.78) to evaluate the relationship between the duration 
of catheter use and the development of catheter-associated 
bloodstream infections, and the ROC curve showed that the best 
cut-off point for the risk of infection was 14 days (sensitivity: 81; 
specificity: 67). The catheter-associated bloodstream infection rate 
was 2.1% in patients with catheter use for <15 days, versus 15.2% 
in those with ≥15 days of catheter use (p < 0.001).

di s c u s s i o n
Vascular access in pediatric patients is the most critical difficult 
step in treatment, because it is more laborious and difficult to 
obtain than in adults. Intravenous treatments are administered 
to patients through peripheral and central veins. Central venous 
catheterization is an interventional procedure that is becoming 
more common in clinics for various indications.7 Central venous 
catheterization is indicated for hemodynamic monitoring, 
extracorporeal treatments, parenteral nutrition, blood collection, 
multiple drug and fluid treatments, and administration of blood 
and blood products, and when peripheral vascular access is not 
possible.1 A study that included 120 catheters inserted over the 
course of 4 years in PICU patients reported that the most common 
reason for catheterization was the lack of peripheral vascular access 
(47.5%), followed by hemodynamic monitoring (22.5%).8 In the 
present study, the most common indication for catheterization 
was multiple fluid and drug administration (28.4%), followed by 
extracorporeal treatments (25.4%), and lack of peripheral vascular 
access (25.3%). 

Table 1: Patient demographic characteristics (n = 1,200)

n (%)

Patient clinics PICU: 294 (24.5%)

Pediatric oncology: 175 (14.6%)

Pediatric bone marrow transplantation unit: 
139 (11.6%)

Pediatric hematology: 112 (9.3%)

Pediatric metabolism: 93 (7.8%)

Pediatric infection: 92 (7.7%)

Pediatric nephrology: 83 (6.9%)

Pediatrics: 77 (6.5%)

Pediatric allergy and immunology: 30 (2.5%)

Pediatric gastroenterology: 28 (2.3%)

Newborn intensive care unit: 27 (2.3%)

Pediatric cardiology: 21 (1.8%)

Pediatric neurology: 13 (1.1%)

Pediatric endocrinology: 10 (0.8%)

Pediatric rheumatology: 6 (0.5%)

Indications for CVC 
insertion 

Multiple drug infusions: 341 (28.4%)
Extracorporeal treatment: 305 (25.4%)

• Continue renal replacement treatment: 
169 (14.1%)

• Other (Plasmapheresis,  
erythrocytapheresis,): 136 (11.3%)

Vascular access problem: 304 (25.3%)

Bone marrow transplantation: 135 (11.3%)

Hemodynamic monitoring: 66 (5.5%)

Total parenteral nutrition: 27 (2.3%)

Other: 22 (1.8%)

Indications for CVC 
removal 

No longer needed: 921 (76.8%)

Catheter infection: 168 (14%)

Catheter occlusion: 70 (5.8%)

Thrombosis: 41 (3.4%)

PICU, pediatric intensive care unit; CVC, central venous catheters

Table 2: Catheter-associated bloodstream infection frequencies

Duration of use, days
Mean ± SD p Frequency n (%) p Per 1000 catheter days

Central venous catheter (n = 885) 13.82 ± 7.13 <0.001 70 (7.9%) 0.013 5.7

Hemodialysis catheter (n = 315)  8.14 ± 5.96 12 (3.8%) 4.7

Femoral vein catheter (n = 269) 10.88 ± 6.94 <0.001 20 (7.4%) 0.716 6.8

Subclavian vein catheter (n = 96) 14.43 ± 7.43  8 (8.3%) 5.8

Internal jugular vein catheter (n = 835) 12.55 ± 7.30 54 (6.5%) 5.2

Without ultrasonographic guidance (n = 663) 12.46 ± 7.12  0.464 52 (7.8%) 0.123 6.3

With ultrasonographic guidance (n = 537) 12.15 ± 7.49 30 (5.6%) 4.6

Fig. 2: Distribution of ultrasonographic guidance according to year
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In total, 26.3% of the catheters inserted in the present study 
were temporary non-tunneled hemodialysis catheters, and mean 
duration of use of all catheters was 11 days (range: 1–41 days). In 
the present study, the internal jugular vein was most commonly 
used for CVC insertion and the frequency of femoral catheter 
insertion decreased throughout the study period. Furthermore, 
only 8% of CVCs were inserted in the subclavian vein. A study 
on 196 catheters inserted in the PICU over 2 years reported that 
hemodialysis catheters were used in 21% of the patients, CVCs 
were inserted in the internal jugular vein in 77% of the patients 

and in the femoral vein in 11%, and mean duration of catheter use 
was 22 days (range: 11–33 days).9 Physicians choose the site for CVC 
insertion based on patient’ clinical condition and experience. The 
subclavian region was used for CVC insertion in the present study 
at the lowest rate due to lack of experience and the associated 
technical difficulties and high incidence of such life-threatening 
complications as hemothorax and pneumothorax.10 Our catheter 
usage time is lower than the average, as catheters are attempted in 
patient services due to treatments, such as bone marrow transfer, 
erythrocytapheresis, and leukapheresis.

Various complications can occur during and after cathe-
terization. Whereas mechanical complications occur in 5–19%  
of cases, infectious complications occur in 5–26%, and throm-
boembolic complications in 2–26% of cases.11 Arterial puncture, 
vascular injuries, catheter malposition, pneumothorax, 
hemothorax, and arrhythmias are among the mechanical 
complications associated with catheterization.11,12 Mechanical 
complications occur due to repetitive unsuccessful attempts at 
insertion, misdirection of the puncture needle, and insertion of 
the guide wire without aspiration of blood.11,13 To reduce the 
likelihood of these complications, the physician performing 
CVC insertion should be experienced and new practitioners 
should perform it in the presence of an experienced physician. 
The American Board of Internal Medicine does not provide 
clear advice on the number of procedures that a physician must 
perform to be considered experienced, but acknowledges that 
there is a learning curve that varies according to individual and 
procedure. It is estimated that a physician should perform 10–20 
CVC insertions before feeling comfortable with the procedure.11 
A literature review reported that catheter insertion by a physician 
who has performed ≥50 catheterizations is half as likely to result 
in a mechanical complication as when performed by a physician 
that has performed <50 CVC insertions.14 In the present study, 
catheterization procedures were performed by PICU physicians.

The mortality rate associated with CVC insertion in the present 
study was 0%. Furthermore, 98.3% of the patients did not have 
mechanical complications, whereas the most common mechanical 
complication was arterial puncture, followed by pneumothorax, 
hemothorax, catheter malposition, and ventricular arrhythmia. 
We think the present study’s mechanical complication rate was 
low because CVCs were inserted only by experienced physicians. 
Whereas the present study’s thrombosis rate was 3.4% (consistent 
with the literature), thrombosis did not occur in any of the patients 
with subclavian CVC insertion, and 90% of the instances of 
thrombosis occurred in cases of femoral vein catheterization. No 
complications secondary to thromboembolic events were observed 
in any of the patients due to early diagnosis, early removal of the 
catheter, and early treatment.

Central venous catheter insertion under ultrasonographic 
guidance significantly reduces the catheter-associated complication 
rate.15,16 The safest way to prevent CVC-associated complications is 
to perform the procedure under the guidance of ultrasonography, 

Table 3: Infections, thrombosis, and duration of catheter usage according to ultrasonographic guidance

With ultrasonographic  
guidance (n = 537)

Without ultrasonographic  
guidance (n = 663) p

Catheter-associated bloodstream infection 30 (5.6%) 52 (7.8%) 0.123

Catheter-associated venous thrombosis 12 (2.2%) 21 (3.2%) 0.326

Duration of catheter usage, days 12.2 ± 7.5 12.5 ± 7.1 0.464

Table 4: Catheter-associated blood circulation infections according to 
patient clinical features

Catheter-associated 
bloodstream  

infection n (%) p

Gender

Male (n = 657) 43 (6.5) 0.730

Female (n = 543) 39 (7.2)

Total parenteral nutrition

Yes (n = 27)   6 (22.2) 0.008

No (n = 1173) 76 (6.5)

Catheter size

≤7 F (n = 904) 72 (8.0) 0.005

>7 F (n = 296) 10 (3.4)

Catheter insertion vessel

Internal jugular vein  (n = 835) 54 (6.5) 0.716

Subclavian vein (n = 96)  8 (8.3)

Femoral vein (n = 269) 20 (7.4)

Ultrasonographic guidance 

Yes (n = 537) 30 (5.6) 0.123

No (n = 663) 52 (7.8)

Mortality

Yes (n = 212)  22 (10.4) 0.024

No (n = 988) 60 (6.1)

Table 5: Duration of catheter use and hospital stay in patients with and 
without catheter-related bloodstream infection

Catheter-related bloodstream infection

Yes (n = 82)
Mean ± SD

Median (range)

No (n = 1118)
Mean ± SD

Median (range) p

Duration of catheter 
usage, days 

19.0 ± 6.3
18.0 (7–41)

11.8 ± 7.1
11.0 (1–33)

<0.001

Duration of hospital 
stay, days

53.3 ± 48.8
38.0 (10–285)

30.2 ± 30.5
22.0 (1–285)

<0.001
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fluoroscopy, or X-rays. Fluoroscopy is often used for interventional 
radiology procedures. To increase the success rate of catheterization 
and reduce the complication rate, it is recommended to insert the 
catheter while visualizing the central vein and adjacent structures 
via ultrasonography. Dynamic or static methods are preferred 
during ultrasonography-guided catheter insertion. Using the 
dynamic method, the target vessel structure is displayed on a 
screen, and then insertion is performed. With the static method, 
the vessel structure and surrounding structures are displayed via 
ultrasonography before the procedure, and after the marking 
is made, the ultrasonography probe is removed and insertion is 
performed.17–19 

In the present study, 44.8% of CVCs were inserted under 
ultrasonographic guidance, with its frequency of use increasing 
over the course of the study. In addition, whereas the development 
of infection and thrombosis were observed more frequently when 
CVCs were inserted without ultrasonographic guidance, the rates 
did not differ significantly between CVCs inserted with and without 
ultrasonographic guidance (p > 0.05). Moreover, the duration of 
catheter use did not differ significantly between CVCs inserted with 
and without ultrasonographic guidance (p > 0.05). No mechanical 
complications were observed in cases of ultrasonographically 
guided CVC insertion. Earlier studies report that performing CVC 
insertion with ultrasonographic guidance significantly decreases 
the incidence of complications.20–22 By ultrasonographically 
imaging the vein for insertion, insertion of a suitably sized catheter 
and in the presence of canalized thrombus in the lumen of the 
vein, intervention in that area should be avoided. While the use of 
ultrasonography was examined regarding complications during 
the intervention, no studies were found comparing the imaging 
in terms of complications developed during follow-up.20–22 In the 
present study, the high frequency of thrombosis and infection 
observed during follow-up in cases of CVC insertion without 
ultrasonographic guidance might have been due to use of an 
inappropriately sized catheter for the relevant vessel, inserting 
the CVC it into a vessel with canalized thrombus, or repeated CVC 
insertion attempts.

CVC-associated bloodstream infection is diagnosed according 
to the Clinical Practice Guidelines for the Diagnosis and Treatment 
of Intravascular Catheter-Associated Infection published by the 
American Infectious Diseases Society.6 In the present study, CVC-
associated bloodstream infection was 5.5 per 1000 catheter days. 
The most common cultured microorganisms were gram-negative 
bacteria. The frequency of infection according to 1000 catheter 
days showed that infections were more common in the femoral 
region according to the catheter intervention site, and in cases of 
CVCs inserted without ultrasonographic guidance. 

Topal et al. examined 196 catheters inserted in the PICU and 
reported a catheter-associated bloodstream infection rate of 6.2 
per 1000 catheter days, mostly in the femoral region.9 A multicenter 
CVC-associated infection study based on 6 years of PICU data 
that included 66,194 CVCs reported an infection rate of 4.97 per 
1000 catheter days.23 Another study based on data for 255 CVCs 
reported a CVC-associated bloodstream infection rate of 13.5 per 
1000 catheter days and that gram-negative bacteria were the most 
common reproducing microorganism, as in the present study.24 
In the present study, the CVC-associated bloodstream infection 
rate was higher in the patients with a catheter size ≤7 Fr and in 
those receiving total parenteral nutrition. The lipid and dextrose 
content of total parenteral nutrition fluids might contribute to 

the development of infection. A study that included 196 CVCs 
inserted in the PICU over a 2-year period observed that the total 
parenteral nutrition support was significantly associated with the 
risk of infection and that the risk increased with the use of CVCs for 
>10 days.8 Patients who develop infection have a longer hospital 
stay and an increased risk of mortality than those who do not. In 
the present study, the CVC-associated bloodstream infection rate 
was 2.1% in patients with catheter use for <15 days, vs 15.2% in 
those with catheter use ≥15 days. McLaws et al. observed that the 
incidence of infection in catheters used for 1–5 days was 2.1 per 
1000 catheter days and increased to 10.2 per 1000 catheter days 
in catheters used for 16–30 days.25 Another PICU-based study 
reported that the critical period for the development of CVC-
associated bloodstream infection was 7 days.24

The present study has several limitations. As the data were 
obtained retrospectively, the duration of catheter insertion and the 
number of insertion attempts are unknown. In addition, there may 
have been some complications that were not recorded. Although 
our clinic’s experience using ultrasonography while inserting CVCs 
increased during the course of the study, its low rate of use early 
in the study might have negatively affected the results. Additional 
prospective studies on the effects of multiple CVC insertion 
attempts in PICU patients, with and without ultrasonographic 
guidance, are needed.

co n c lu s i o n
In conclusion, central venous catheterization should be performed 
when appropriately indicated under sterile conditions and by 
experienced physicians. To increase the CVC insertion success 
rate and minimize complications, catheter placement should be 
performed while visualizing the central vein and adjacent structures 
under ultrasonographic guidance. Patients should be carefully 
monitored for complications that can occur during the procedure 
and catheters should be removed as soon as they are no longer 
needed.
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