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Direction of the J-Tip of the Guidewire to Decrease the Malposition Rate
of an Internal Jugular Vein Catheter

Byeong jun Ahn, M.D., Sung Uk Cho, M.D., Won Joon Jeong, M.D., Yeon Ho You, M.D., Seung Ryu, M.D.,
Jin Woong Lee, M.D., In Sool Yoo, M.D., and Yong chul Cho, M.D.

Department of Emergency Medicine, College of Medicine, Chungnam National University Hospital, Daejeon, Korea

Background: We hypothesized that the direction of the J-tip of the guidewire during insertion into the internal jugular vein (1JV)
might determine its ultimate location.

Methods: In this study, 300 patients between the ages of 18 and 99 years who required central venous catheterization via 1JV in the
emergency department enrolled for randomization. IVJ catheterization was successful in 285 of 300 patients. An independent opera-
tor randomly prefixed the direction of the J-tip of the guidewire to one of three directions. Based on the direction of the J-tip, patients
were allocated into three groups: the J-tip medial-directed group (Group A), the lateral-directed group (Group B), or the downward-
directed group (Group C). Postoperative chest radiography was performed on all patients in order to visualize the location of the cath-
eter tip. A catheter is considered malpositioned if it is not located in the superior vena cava or right atrium.

Results: Of the total malpositioned catheter tips (8 of 285; 2.8%), the majority (5 of 8; 62.5%) entered the contralateral subclavian
vein, 2 (25.0%) were complicated by looping, and 1 (12.5%) entered the ipsilateral subclavian vein. According to the direction of the J-
tip of the guidewire, the incidence of malpositioning of the catheter tip was 4 of 92 in Group A (4.3%), 4 of 96 in Group B (4.2%), and
there were no malpositions in Group C. There were no significant differences among the three groups (p = 0.114).

Conclusions: The direction of the J-tip of the guidewire had no statistically significant effect on incidence of malpositioned tips.
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Introduction

Central venous catheterization (CVC) is a common and important procedure for the clinical management of many patients,
especially in the emergency department (ED) or intensive care unit (ICU). It allows resuscitation for intravascular depletion
and access for vasoactive medications and antibiotics, and it provides a means for hemodynamic monitoring and pacing.[1,2]
The placement of central venous catheters is a technically challenging procedure. The most common cause of early malfunc-
tioning of the central venous catheter is related to malpositioning.[3] Misplacement of a central venous catheter tip may result

in incorrect venous pressure readings or serious complications such as vascular erosion and thrombosis.[4]

Several techniques have been suggested to prevent malpo-
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placement of internal jugular vein (IJV) catheter.
Thus, we hypothesized that the direction of the J-tip of the
guidewire during its insertion via IJV might determine its

ultimate location.

Materials and Methods

1) Study design and setting

In this prospective randomized controlled study, patients
between the ages of 18 and 99 years who required CVC via
1JV at ED of the tertiary teaching hospital throughout Janu-
ary to December 2014 were included (Fig. 1). This study
was approved by the institutional review board of our insti-

tution, and informed consent was obtained from all patients.

2) Selection of participants
Indications for central venous access in the ED included

difficult peripheral vascular access and a need for invasive
hemodynamic monitoring, delivery of inotropic medica-
tions or antibiotics, and delivery of fluids and blood when
no other access was available. Patients with neck deformi-
ties or significant coagulopathy were excluded. Based on
the direction of the J-tip (Fig. 2), patients were divided into
three groups: the J-tip medial directed group (Group A),
or lateral directed group (Group B), or downward directed
group (Group C), by using a block randomization technique.
Randomization was determined with random number tables,
and allocation assignments were concealed in sealed enve-
lopes. The operator became aware of the direction of the J-
tip of the guidewire only after enrollment. At the end of the
procedure, the operator recorded the data on a performatted
data collection sheet. Data included patient details, operator
and experience levels, the reason for insertion of the CVC,
and any complications.

Randomization for CVC
n=300

/,\

A A 4

Group A(n=100) Group B(n=100) Group C(n=100)
. J-tip medial directed group . J—tip lateral directed group . J-tip downward directed group
Unsuccessful Unsuccessful Unsuccessful
insertion n=8 insertion n=4 insertion n=3

A

Group A(n=92) Group B(n=96) Group C(n=97)

Fig. 1. Flow chart of enrolled patients in this study. Group A; the J-tip medial directed group, Group B; the J-tip lateral directed group,
Group C; the J-tip downward directed group. CVC: central venous catheterization.

Fig. 2. Three different directions of the J-tip of the guidewire in central venous catheterization using the right internal jugular vein. (A) The
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J-tip medial-directed group (Group A), (B) the J-tip lateral-directed group (Group B), (C) the J-tip downward-directed group (Group C).
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3) Intervention

Operators were either emergency physicians or residents
working in the ED. Experienced operators were defined as
those who had successfully performed more than 25 tradi-
tional landmark IJV catheterizations without supervision,
and inexperienced operators were those who had performed
fewer than 25 traditional landmark IJV catheterizations.[9]
There were 16 operators, with 10 experienced and 6 inexpe-
rienced. Selection of the blood vessel (right [JV or left [JV)
has been inserted at the discretion of the operator

Under full aseptic conditions, the patient was placed in
the supine position and a local anesthetic was used at the
venipunture site. The 1JV (right or left) was punctured using
an 18-gauge needle. The free aspiration of non-pulsatile ve-
nous blood confirmed correct needle placement into jugular
vein. An independent operator prefixed the directions of the
J-tip of the guidewire to three directions in random fash-
ion using presealed envelopes for the three groups studied.
For insertion of the guidewire, the introducer needle was
removed and the track to the IJV puncture was enlarged us-
ing the dilator. Subsequently, a double lumen catheter (7F)
was passed over the guidewire and the fixed at the 15 to
18 cm mark. Free aspiration of blood through the catheter
reconfirmed correct placement of the tip of catheter into
the vein. The catheterization was performed using a double
lumen central venous catheter with a J-tip of spring guide-
wire (Prime-s, Sungwon Medical, Cheongju, Korea). This
consists of an 18-gauge needle introducer, a 0.032 inch di-
ameter, 60 cm spring guidewire with J-tip, and a 7.0 French,
20 cm double lumen catheter with integrated dilator. Before
commencement of the study, operators were educated about
methods of study for an hour. Postoperative chest radiogra-
phy was performed on all patients to visualize mechanical
complication such as pneumothorax or hemothorax, and the

location of the catheter tip. A malpositioned catheter is de-

Table 1. Overall characteristics of enrolled patients

fined as at a location other than the superior vena cava (SVC)

or right atrium.

4) Statistical analysis

All data were analyzed by the IBM SPSS Statistics 19
program (IBM Corp., Chicago, IL, USA). The Kruskal-
wallis test was used to compare mean values among the
three groups, and a y” or Fisher’s exact test was performed
to compare the discrete variables. The calculated value of p
< 0.05 was considered statistically significant.

Using a predicted malpositioning rate, based on previous
literature, of a proportion incidence (5.3%), a power of 80%
and p < 0.05, the calculated sample size was 118 in each
group.[2] However, given the evidence in other critical care
settings for malposition of 1JV catheterizations, an interim
analysis, based on malpositioning rate, was planned once
study numbers over 91 were obtained. Finally, our study
was required over 99 cases in each group, considering 10%

dropout.

Results

Of the 300 patients enrolled for randomization, [JV
catheterization was successful in 285 of 300 patients. The
15 patients in whom IJV puncture or advancement of the
guidewire failed were excluded from the study. Each group
was comparable with respect to age, gender, and mechani-
cal complications. There was one complication of a pneu-
mothorax (Table 1). The incidence of malpositioning was
significantly lower in insertion via right IJV than left (1.7%
vs. 8.2%, p = 0.032). Experienced operators successfully
inserted an 1JV catheter in 164 of 169 (97.4%) cases com-
pared with 113 of 116 (97.0%) cases in the inexperienced
group. The effect of operator was not statistically significant

Characteristics Group A (n = 92) Group B (n = 96) Group C (n = 97) p-value
Age, yr 69 (25) 75 (19) 72 (19) 0.093
Male 56 (60.9) 63 (65.6) 59 (60.8) 0.735
Complication of CVC 10.4) 0(0) 0(0) 0.323

Value are presented as median (interquartile range) and n (%). Group A; the J-tip medial directed group, Group B; the J-tip lateral directed group, Group C; the J-tip
downward directed group. p value refer to difference between groups using Kruskal-wallis and Chi-Square or Fisher's exact test.

CVC: central venous catheterization.
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Table 2. Incidence of catheter malposition according to operation experience and vessels

Correct position Malposition p-value
Operator experience
Inexperienced 164 (97.4) 5 (2.6) > 09
Experienced 113 (97.0)
Hand dominance
Right-handed operator 260 (97.0) 8 (3.0) 0.608"
Left-handed operator 17 (100) 0(0)
Insertion vessel
Right IV 232 (98.3) 4(1.7) 0.032°
Left IV 45 (91.8) 4(8.2)
Data are presented as n (%).
*p > 0.9 vs. inexperienced, experienced; p = 0.608 vs. right-handed operator, left-handed operator; *p = 0.032 vs. right 1JV vs. left 1JV.
1JV: internal jugular vein.
Table 3. Incidence of catheter malposition according to direction of the J-tip of the guidewire for each group
Group A (n = 92) Group B (n = 96) Group C (n =97) p-value
Position of central catheter tip
Correct position 88 (95.7) 92 (95.8) 97 (100) 0.114*
Malposition 4 (4.3) 4 (4.2) 00
Type of malposition
Loop formation 1(1.1) 100 0 ()
Ipsilateral SCV 0(0) 10.7) 0(0)
Contralateral SCV or brachiocephalic vein 3 (3.9 2 (2.2 0 ()

Data are presented as n (%).

Group A; the J-tip medial directed group, Group B; the J-tip lateral directed group, Group C; the J-tip downward directed group.

SCV: subclavian vein.
“p=0.114 vs. group A, group B, and group C.

difference (p > 0.9) (Table 2).

Of the total malpositioned (defined as located other than
the SVC or right atrium) catheter tips (8 of 285; 2.8%),
the majority of these catheters (5 of 8; 62.5%) entered the
contralateral subclavian vein, 2 of 8 (25.0%) catheters were
complicated by looping, and 1 of 8 (12.5%) entered the ipsi-
lateral subclavian vein (Table 3) (Fig. 3).

According to the direction of the J-tip of the guidewire,
the incidence of malposition of the tip of catheter was in the
J-tip medial directed group (4 of 92; 4.3%), and the J-tip lat-
eral directed group (4 of 96; 4.2%). There were no malposi-
tions in the J-tip downward group. In the three groups, there
was no significant difference in statistics (p = 0.114) (Table 3).

For the malpositioned 1JV catheterizations, access was ob-

tained in the contralateral 1JV, subclavian, or femoral vein.

Discussion

Previous studies have made an effort to reduce the mal-
positioning of subclavian venous catheterization.[1,4-8]
But related research usually focuses on the subclavian vein
and not the IJV because the frequency of malpositioning on
subclavian vein is probably higher than that of the IJV (5.3%
vs. 9.3%, relative risk 0.66 [0.44-0.99]). The anatomical
sites, most commonly used by clinicians, are subclavian
vein and IJV.[10] The IJV has low incidence of malposition-
ing and there is no difference in mechanical complication,
compared to subclavian vein.[2] However, little research
has been studied for malposition in the [JV catheterization.
In this prospective study, we sought to determine whether
the direction of the J-tip of the guidewire influenced malpo-

sitioning during IJV catheterization.
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Fig. 3. Malpositioned tips of the central venous catheter (black arrow) shown in chest X-ray anteriorposterior view. (A) Ipsilateral inser-
tion into the axillary vein via the right SCV, (B) Contralateral insertion into the right SCV, (C) Loop formation in the SVC. SCV: subclavian
vein; SVC: superior vena cava.

The “J” tip helps to prevent the guidewire from catch-
ing against the luminal wall of the vein. The J-tip of the
guidewire is thus preferred over the straight tip, being less
traumatic and easier to negotiate past acute angulations.
[11] Some studies have reported that the direction of J-tip
has a crucial role in the incidence of malpositioning. Tripa-
thi et al.[7] state that there is significant difference in the
incidence of malpositioning (each 43% and 3%; p < 0.05)
between the J-tip directed groups cephalad and caudad in
the placement of catheters via the right subclavian vein.
They insisted that the simple measurement of directing the
guidewire for the J-tip caudad significantly reduced the risk
of misplacement into the ipsilateral IJV in right subclavian
catheterization. However, Oh et al.[4] showed that there is
no significant difference in the incidence of malposition-
ing (each 11% and 7%; p = 0.639) between landmark and
ultrasound guidance groups while keeping the J-tip directed
cephalad. As previously suggested,[4] we also showed that
the direction of J-tip was not correlated with the incidence
of malpositioning (p = 0.114). However, our results showed
that the J-tip medial and lateral directed groups in each of
4 cases (4.3%, 4.2%), but not the J-tip downward group,
experienced in malpositioning. In the 1JV, in contrast to the
subclavian vein, the direction of the J-tip was not related to
the incidence of malpositioning. In addition, it was more
prevalent in the left IJV, compared to the right IJV (1.7% vs.
8.2%, p = 0.032). Consistent with our results, previous stud-

ies also showed that the incidence of malpositioning in right

1JV catheterizations was less common than in the left IJV.
[12,13]

It has been known that the incidence of complications
was dependent on the technical aspects of the procedure.
[14] However, our study, consistent with previous reports,
shows that the incidence of malpositioning in “junior’-level
procedures was not different from those in “expert”-level
procedures.[9]

In this study, the overall incidence of malpositioning was
8 of 285 (2.8%). It is a lower incidence than in other studies
(5.3% to 18.9%) which performed 1JV catheterization using
by landmark.[2,15,16]

There were some limitations to our study. First, it did
not consider possible impacts (e.g. thrombosis, vascular
anomaly) on the malpositioning, other than the direction of
the J-tip. Second, although the initial direction of J-tip is
important to the determination of its ultimate location, there
is still a possibility for rotation on inside veins.[4] Third,
this study defined ‘malpositioning’ as the tip of catheters
located other than SVC or right atrium, whereas Vesely[17]
recommended it be located on the crista terminalis as their
junction. Fourth, the enrolled number of patients may be
too small to draw a statistically powerful conclusion. Based
on our study, of a proportion incidence (2.8%), a power of
80% and p < 0.05, the calculated sample size was 279 in the
J-tip downward directed group (Group C) and 279 in other
directed groups (Group A and B) to prove the significant

differences between the J-tip downward directed group with

http://dx.doi.org/10.4266/kjccm.2015.30.4.280



Byeong jun Ahn et al. Guidewire Direction and Catheter Malposition 285

other directed groups. Further large study is necessary to
confirm this result.

Last, this study did not include the J-tip upward-directed
group. However, the J-tip upward direction was not pre-
ferred by operators because it is difficult to proceed in the
upward direction using the structure of the guidewire dis-
pensor.

We demonstrated that malpositions are more common
after left IJV catheterization than right that the direction of
J-tip of guidewire does not statistically significant effect on

incidence of malpositioned CVC tips.
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