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Background: We performed ultrasonographic examinations of the ipsilateral internal jugular vein after 
placement of peripherally inserted central catheters (PICCs) and found that more than half of malpositions 
of PICC went to the head through the ipsilateral internal jugular vein. We aimed to reduce malpositions of 
PICCs in settings where fluoroscopy is not available.
Methods: This retrospective study had a case-control, single-center study design. From January to June 
2018, PICCs were inserted with the patient’s arm abducted without the use of ultrasonography to identify 
the presence of the PICC in the ipsilateral internal jugular vein (procedure A). From July to December 2018, 
PICCs were inserted in a similar fashion; however, ultrasonography was employed to detect the catheter tip 
in the ipsilateral internal jugular vein (procedure B). 
Results: There were 794 placements of PICCs in 650 patients. Procedures A and B were performed in 418 
and 376 patients, respectively. Malpositioning of PICC tips occurred significantly less often in procedure B 
than in procedure A (2.4% vs. 5.7%, P=0.02).
Conclusions: In a setting without fluoroscopy, insertions of PICCs can be performed with the arm 
abducted at 90°. Ultrasound monitoring for the presence of the catheter in the ipsilateral internal jugular 
vein can help with correct positioning, thereby reducing the occurrence of catheter tip malpositions.
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Introduction

A peripherally inserted central venous catheter (PICC) 
is inserted via a peripheral vein, with the tip residing in a 
central vein (1). PICCs are widely used in the intensive care 
unit (ICU) for mid- and long-term central venous access (2).  
Compared with the traditional central venous catheter 
(CVC), a PICC inserted into the upper arm is safer and has 
a lower infection rate and a longer duration of use (3,4).

In general, an interventional radiologist places a PICC 
under fluoroscopic guidance. However, most patients in 
the ICU are unable to move to the interventional radiology 
suite because of respiratory failure or hemodynamic 
instability. In these cases, which require PICC placement 
in the ICU, fluoroscopy cannot be used, and the position 
of the catheter tip must be confirmed using radiography 
after insertion. This also monitors the catheter movement 
into the internal jugular vein (IJV) after insertion. A CVC 
tip located at or above the level of the upper superior vena 
cava (SVC) is more likely associated with thrombosis and an 
increased risk of migration (5,6).

In this study, more than half of PICC malpositions 
went to the head through the IJV. We performed 
ultrasonographic examinations of the IJV after PICC 
insertion to indirectly confirm whether the catheter was 
present and to compare these findings with the previous 
radiographic confirmations after PICC placement. 

We present the following article in accordance with the 
STROBE Statement reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-1201). 

Methods

We conducted a retrospective, case-control, single-center 
study of patients aged 18–95 years who required a PICC 
in the ICU of a single institution from January 1, 2018, to 
December 31, 2018. All PICC procedures in the ICU took 
place at the bedside and were performed in the upper arm 
by a single vascular surgeon. 

From January to June 2018, PICCs were inserted with 
the arm abducted at 90° from the patient’s body and the 
head turned toward the ipsilateral side (if possible) under 
ultrasonic guidance. The presence of the PICC in the 
ipsilateral IJV was not confirmed using ultrasonography 
during this timeframe (procedure A). From July to 
December 2018, PICCs were inserted with the same 
posture as in procedure A. This time, however, the presence 
of the PICC in the ipsilateral IJV was confirmed using 

ultrasonography (procedure B) to compare the accuracy 
of the PICC tip positioning using the two methods. The 
same LOGIQ e ultrasound (GE Healthcare, Chicago, IL, 
USA) was used for both PICC procedure and ipsilateral IJV 
monitoring. 

The catheter tip position ideally rests at the junction 
of the SVC and the right atrium, also called the cavoatrial 
junction (CAJ). The CAJ was defined to be 5 cm below 
the right tracheobronchial angle, based on the reported 
median distance of 4.9 cm (range, 2.9–6.8 cm) from the 
right tracheobronchial angle to the CAJ (7). Catheter tip 
position was graded according to the following classification 
scheme: 0 indicated containment within the body of one 
thoracic spine containing the junction; −1 signified one 
spine body cephalad to the thoracic spine containing the 
junction; −2 denoted greater than the body of the thoracic 
spine containing the junction, at two spine bodies cephalad; 
and +1 was defined as one spine body caudal to the body of 
the thoracic spine, including the junction (Figure 1).

Operative procedure

One cardiovascular surgeon performed all PICC insertions 
(Figure 2). The surgeon used a 5-Fr dual-lumen Xcela® 
Power Injectable PICC (Navilyst Medical Inc., MA, USA) 
or a 6-Fr triple-lumen Pro-PICC CT Injectable Catheter 
(Medcomp, PA, USA). Maximal barrier precautions, 
including cap, mask, sterile gown, sterile gloves, and vast 
sterile field, were consistently used during the procedures. 
Peripheral venous access was obtained through the basilic 
or brachial veins with ultrasound guidance. A standard 5- to 
12-MHz linear ultrasound probe was used. Lidocaine (2%, 
1–2 mL) was injected into the subcutaneous tissue for local 
anesthesia.

Under ultrasound guidance, the target vessel was 
punctured using a 20-gauge needle, and blood return in the 
needle was confirmed. A 0.018-inch guide wire was then 
introduced into the vein blindly. The puncture site was then 
enlarged slightly with a scalpel blade, and a 5-Fr micro-
introducer assembly was introduced over the guidewire. 
The length of the PICC was determined as the distance 
from the puncture site to the humeral head, sternal notch, 
and third intercostal space. The catheter was inserted into 
the micro-introducer sheath. In procedure B, the presence 
of the catheter tip in the ipsilateral IJV was immediately 
checked using ultrasonography. When the catheter was 
seen on the sonogram, it was pulled back sufficiently 
and repeatedly positioned until no part of the catheter 
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Figure 1 Definitions of peripherally inserted central catheter tip positions. The catheter tip position was based on the junction of the 
superior vena cava (SVC) and right atrium, also called the cavoatrial junction (CAJ). The CAJ was defined as the site 5 cm below the right 
tracheobronchial angle. 0: the catheter tip was contained within the body of one thoracic spine containing the junction; −1: the catheter tip 
was located in one spine body cephalad to the thoracic spine containing the junction; −2: the location of the catheter tip was greater than the 
body of the thoracic spine containing the junction, at two spine bodies cephalad; +1: the catheter tip was located in one spine body caudal to 
the body of the thoracic spine including the junction.

Right tracheobronchial angle  
= Superior border pof the SVC

5 cm

was visible on sonogram (Figure 3). After completion of 
procedures A and B, a chest radiograph was obtained to 
confirm the position of the catheter tip. A malposition was 
defined as a catheter tip location in the innominate vein 
or IJV and not in the SVC (Figure 4). The dressing was 
changed every 7 days or when soiled.

Statistical analysis

A two-sample t-test or Wilcoxon rank-sum test was used 
for continuous variables, and Fisher’s exact test was used for 
categorical variables. All analyses were performed using SAS 
version 9.3 (SAS Institute., Cary, NC, USA), and a P<0.05 
was considered statistically significant.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional review board from the 
Pusan National University Hospital (H-1909-017-083), and 

individual consent for this retrospective analysis was waived.

Results

From January 2018 to December 2018, there were 794 
PICC placements in 650 patients. Procedures A and B 
were performed on 418 and 376 patients, respectively. The 
characteristics of the two groups are described in Table 1. 
PICC malpositions were identified by chest radiography 
in 5.7% and 2.4% of patients after procedures A and B, 
respectively. There were significantly less malpositions 
during procedure B (P=0.02). A significant difference was 
found in the catheter tip location between the two groups 
(P=0.02). When the arm was abducted at 90°, it seemed to 
be more accurate to manually determine the length of the 
PICC. Table 2 shows the results of the classification based 
on the location of the malposition, as shown in Figure 4. 
Malposition B, with the catheter tip located in the IJV, 
occurred less often in procedure B than in procedure A; 
however, there were no statistically significant differences. 
The outcomes associated with PICC insertions are 
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Figure 2 Procedure B. (A) The peripherally inserted central catheter (PICC) was inserted with the arm abducted 90° from the patient’s body 
with the head turned toward the ipsilateral side (if possible); (B) maximal barrier precautions were consistently used during the procedure, 
including a cap, mask, sterile gown, sterile gloves, and vast sterile field. Under ultrasound guidance, the target vessel was punctured with a 
20-gauge needle and blood return was confirmed; (C) the catheter was inserted into the micro-introducer sheath; (D) the position of the 
catheter tip in the ipsilateral internal jugular vein was immediately checked using ultrasonography.

A

C

B

D

described in Table 3. The causes of PICC removals were also 

examined. There were no significant differences between 

the two groups based on discharge, death, infection, 

malfunction, or self-removal.

Discussion

CVC placement is a routine central venous access 
procedure performed in the ICU setting for administration 
of drugs, including vasopressors, inotropes, antibiotics, 
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or chemotherapy, central venous pressure monitoring, 
central venous oxygen saturation measurements, and total 
parenteral nutrition. Unlike other types of central venous 
access, PICC is increasingly being used for its ease of 
placement and its low rate of insertion-related mechanical 
complications, including venous thromboses and infections 
(8-12). Although a PICC is inserted to maintain central 
venous access in patients admitted to the ICU, it is not easy 
to correctly position the catheter without using fluoroscopy. 

The bedside ultrasonography and saline flush technique 
have both been identified as methods to reduce PICC 
malpositions in settings where fluoroscopy is not available, 

such as in the ICU (13,14). Despite its proven usefulness, 
the saline flush technique requires additional heart 
ultrasound probes and a professional assistant to identify 
saline bubbles in the right atrium using ultrasonography. 
In a meta-analysis conducted by Bou Chebl et al. (14), 
contrast-enhanced ultrasonography showed a pooled 
sensitivity of 72%, pooled specificity of 100% (95% CI, 
99–100%), positive predictive value of 92.1%, and negative 
predictive value of 98.5% compared to chest radiography 
for confirming CVC placement.

Li et al. used an electrocardiograph (ECG)-guided 
PICC tip location technique to confirm the catheter tip 

Figure 3 Peripherally inserted central catheter (PICC) tip in the internal jugular vein. The presence of a PICC catheter (white arrows) in 
the internal jugular vein can be confirmed using ultrasonography.

Figure 4 Examples of peripherally inserted central catheter (PICC) malpositions. (A) The catheter tip is located in the right subclavian 
vein (arrow); (B) the catheter tip is located in the right internal jugular vein (arrow); (C) the catheter tip is located in the left innominate 
(brachiocephalic) vein (arrow).

A B C
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Table 1 Comparison of procedure A and procedure B

Variables Total (n=794) Procedure A† (n=418, 52.6%) Procedure B‡ (n=376, 47.4%) P value

Age (years) 65.9±14.3 65.5±15.0 66.35±13.4 0.40

Male, n (%) 450 (56.7) 232 (55.5) 218 (58.0) 0.52

Survival, n (%) 633 (79.7) 325 (77.8) 308 (81.9) 0.16

Insertion in the right arm, n (%) 640 (80.6) 344 (82.3) 296 (78.7) 0.21

Malposition§, n (%) 33 (4.2) 24 (5.7) 9 (2.4) 0.02*

Catheter tip position¶, n (%) 0.02*

−2 2 (0.3) 2 (0.5) 0 (0.0)

−1 26 (3.3) 19 (4.5) 7 (1.9)

0 639 (80.5) 323 (77.3) 316 (84.0)

+1 127 (16.0) 74 (17.7) 53 (14.1)

Duration of use (days) 17.0 (8.0, 77.0) 16.0(8.0, 52.8) 18.5 (8.0, 84.0) 0.23
†, from January to June 2018, peripherally inserted central catheters (PICCs) were inserted with the arm adducted under ultrasound  
guidance. We did not confirm the presence of the PICC in the ipsilateral internal jugular vein (IJV) using ultrasonography during this  
timeframe. ‡, from July to December 2018, PICCs were inserted with the arm abducted 90° under ultrasound guidance. We confirmed the 
presence of the PICC catheter in the ipsilateral IJV using ultrasonography. §, when the tip of the catheter was not located in the superior 
vena cava (SVC) but was located in the innominate vein or IJV. ¶, catheter tip position was based on the cavoatrial junction, defined as the 
site 5 cm below the right tracheobronchial angle. *, significant P values. 0: the catheter tip was contained within the body of one thoracic 
spine containing the junction; −1: the catheter tip was located in one spine body cephalad to the thoracic spine containing the junction; 
−2: the location of the catheter tip was greater than the body of the thoracic spine containing the junction, at two spine bodies cephalad; 
+1: the catheter tip was located in one spine body caudal to the body of the thoracic spine including the junction.

Table 2 Classification by malposition location

Malposition Procedure A† (n=24) Procedure B‡ (n=9)

A§ 2 (8.3) 1 (11.1)

B¶ 14 (58.3) 2 (22.2)

C†† 8 (33.3) 6 (66.7)
†, from January to June 2018, peripherally inserted central catheters (PICCs) were inserted with the arm adducted under ultrasound  
guidance. We did not confirm the presence of the PICC in the ipsilateral internal jugular vein (IJV) using ultrasonography at this time. ‡, 
from July to December 2018, PICCs were inserted with the arm abducted 90° under ultrasound guidance. We confirmed the presence of 
the PICC catheter in the ipsilateral IJV using ultrasonography. §, the catheter tip is located in the right subclavian vein. ¶, the catheter tip is 
located in the right internal jugular vein. ††, the catheter tip is located in the opposite left innominate (brachiocephalic) vein (see Figure 4).

location (15). When the catheter was inserted almost up to 
the estimated length, the right arm lead was removed, and 
the clamps were sterilized and attached to the guide wire. 
The guide wire was then advanced slowly, 0.5 to 1 cm at a 
time, while observing the P-wave changes on the monitor. 
The ECG test group (99.3%) achieved a significantly more 
accurate tip placement than did the control group (92.3%, 
P<0.001); however, this method cannot be used in patients 
with heart disease or arrhythmia and can present risks of 
contamination (16).

In the present study, malpositions were reduced by half 
with procedure B (2.4%) compared with procedure A (5.7%) 
because ultrasonography successfully identified malpositions 
from the IJV upwards. This finding was observed because 
ultrasonography identified malpositions from the IJV 
upwards (Figure 4B). As shown in Table 2, 14 cases of 
malposition B occurred in procedure A and two cases in 
procedure B. Even though we observed the IJV using 
ultrasonography, we missed two cases. It is presumed that 
despite the monitoring of the IJV using ultrasonography, 
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these cases were missed because of the insufficient 
monitoring to the proximal portion of the IJV. Malpositions 
A and C could not be resolved by ultrasound observation 
of the IJV because the catheter tip was located in the right 
subclavian vein and left innominate vein. Although the 
number of malposition B cases decreased significantly, 
malposition of 2.4% occurred. 

According to Schweickert et al., when monitoring the 
ipsilateral IJV while placing PICCs at the bedside, the 
malposition of the ipsilateral IJV was significantly lower 
than that of the unmonitored ipsilateral IJV (0.7% vs. 
7.4%, P=0.003). The number of cases where the PICC was 
accurately located in the SVC was statistically significantly 
higher in the ipsilateral IJV-monitored group (68.9% vs. 
58.4%, P=0.06). In addition, malposition to other proximal 
vein (subclavian vein, brachiocephalic vein, and axillary 
vein) occurred in this study, and no statistically significant 
difference was found between ipsilateral IJV monitoring 
and non-monitoring (17).

In this study, the accuracy of the catheter tip location was 
similar to that of the bedside ultrasonography and saline 
flush technique and an ECG-guided PICC tip location 
technique and was more accurate than other studies that 
monitored the ipsilateral IJV using ultrasonography; 
however, the technique for ultrasound monitoring of the 
ipsilateral IJV did not require a professional assistant nor an 
echocardiography probe, and patients with arrhythmias or 
heart disease could safely go through this procedure.

In both procedures, chest radiographs were essential 
for determining the catheter tip positions. Nevertheless, 
PICC placement continues to be a challenge in the context 
of venospasm, venous tortuosity, and venous valves (1). 

The limitation of this method is that it cannot identify 
malpositions, as illustrated in Figure 3A,C.

Most guidelines recommend that the catheter tip should 
be located in the inferior third of the SVC at the junction 
of the right atrium; however, the ideal location for the 
CVC tip is still a matter of debate (18-20). The right 
tracheobronchial angle is considered the best landmark 
for catheter tip positioning (20) and the most reliable 
radiographic landmark to define the borders of the SVC. 
This angle is created as the right main bronchus bifurcates 
from the trachea. The superior border of the SVC is 
always superior to the right tracheobronchial angle (7,21). 
The median distance from the right tracheobronchial 
angle to the CAJ is 4.9 cm (range, 2.9–6.8 cm) (7). We 
found that procedure B allowed for significantly more 
accurate positioning of the catheter tip than procedure A. 
Nevertheless, the effect of increasing operator experience 
over time as a possible bias between the methods cannot be 
ruled out.

There were some limitations to this study. There 
was a limitation in statistical analysis because this study 
was not a randomized trial, and both groups were not 
conducted simultaneously. In addition, all procedures were 
performed by one operator. Nevertheless, there have been 
no previous studies confirming PICC placement in the 
ipsilateral IJV using ultrasonography to reduce malpositions 
in settings where fluoroscopy is not available. This 
technique was simple and easy to perform, did not require 
echocardiography probes or trained assistants, could be 
performed in patients with or without arrhythmias or heart 
diseases, and had a similar accuracy compared to previous 
methods. In the future, a method to monitor the location of 

Table 3 Outcomes of PICC placements

Cause of removal Total (n=794) Procedure A† (n=418, 52.6%) Procedure B‡ (n=376, 47.4%) P value 

Discharge, n (%) 611 (77.0) 310 (74.2) 301 (80.1) 0.05*

Death, n (%) 129 (16.2) 70 (16.7) 59 (15.7) 0.70

Infection, n (%) 112 (14.1) 68 (16.3) 44 (11.7) 0.07

Malfunction, n (%) 10 (1.3) 5 (1.2) 5 (1.3) 1.00

Self-removal, n (%) 45 (5.7) 27 (6.5) 18 (4.8) 0.36

Arm swelling, oozing, or pain, n (%) 16 (2.0) 8 (1.9) 8 (2.1) 1.00
†, from January to June 2018, peripherally inserted central catheters (PICCs) were inserted with the arm adducted under ultrasound  
guidance. We did not confirm the presence of the PICC in the ipsilateral internal jugular vein (IJV) using ultrasonography at this time. ‡, 
from July to December 2018, PICCs were inserted with the arm abducted 90° under ultrasound guidance. We confirmed the presence of 
PICC catheter in the ipsilateral IJV using ultrasonography. *, significant P value.
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the catheter tip in real time and without an interventional 
suite should be developed.
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