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INTRODUCTION

Nowadays, one of the most commonly performed vascular 
interventional procedures is the insertion of tunneled central 
venous catheters (T-CVCs). Greater than 70% of patients be-
ginning chronic hemodialysis in the United States have a T-
CVC as their first blood access device (1). The primary indi-
cations for tunneled dialysis catheters are in those patients 
who cannot have a fistula, graft or peritoneal catheter (2). Also, 
T-CVCs have gained increasing acceptance for multiple uses, 
including long-term access for patients without peripheral ac-
cess, total parenteral nutrition, and administration of chemo-
therapeutic agents, antibiotics, and fluids (3). However during 
the catheterization, many complications occur; particularly 

catheter related bacteremia and sepsis, blockage and malfunc-
tion (either by thrombus or fibrin sheath), as well as malposi-
tion and migration (4). In addition, repeated re-positioning of 
T-CVCs may also be responsible for interruptions or delays in 
medical treatment. In spite of these limitations, long-term 
placement of T-CVCs is increasingly required due to increased 
dependency on T-CVCs during medical treatment (1, 5). Since 
the first description by Schwab et al in 1988, a number of dif-
fering designs of T-CVCs have evolved to minimize problems 
associated with their use (4). As results, various patterns of 
the catheter tip and lumen have been modified to improve 
catheter function.

In general, most procedures are done under Kidney Disease 
Outcomes Quality Initiative (K/DOQI) guideline (6). Accord-
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Purpose: To evaluate factors which affect the longevity of tunneled central venous 
catheters (T-CVCs).
Materials and Methods: A retrospective study was conducted on 363 T-CVCs. We 
evaluated the relevant factors affecting the longevity of the T-CVCs, such as age, 
gender, indication for catheterization, site of entry vessel, diameter and type of T-
CVC, catheter tip position, and underlying diseases.   
Results: Of the 363 T-CVCs which had been inserted, 331 (91%) were placed 
through the right internal jugular vein (RIJV). The catheter tip position was the 
strongest predictor for the longevity of the T-CVC. The short limb of the catheter tip 
placed either at the cavoatrial junction (CA junction) or below the lower margin of 
the right main bronchus had a good prognosis. The vessel through which the T-CVC 
was placed significantly influenced the longevity of the T-CVC; the RIJV was associ-
ated with better results than the left internal jugular vein. Also, a split-type catheter 
was significantly associated with a better result.
Conclusion: A two distinct and separate type T-CVC placed through the RIJV in 
which the short limb catheter tip position was at the level of the CA junction, sig-
nificantly increased the longevity of T-CVCs. 
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All T-CVCs were inserted by an in-house radiologist with 8 
years of experience and the choice of T-CVC design reflected 
what was available in the ward. The tip position of T-CVCs 
was originally aimed to the level of the cavoatrial (CA) junc-
tion. However, due to body size, entry position of subcutaneous 
tunnel, puncture level in the internal jugular vein, and the ele-
vation level of the RA floor, the resultant position of catheter 
tip varied from above to below the CA junction level. The 
whole procedure including decision of catheter tip level was 
performed on supine position. 

The data collected in this study included the subject’s age 
and gender, indication for T-CVC placement, date and time 
of the procedure, complications, site of entry vessel, diameter 
and type of T-CVC, catheter tip position, and underlying pa-
thologies, such as systemic hypertension (HTN), diabetes mel-
litus (DM), and congestive heart failure. All T-CVCs were dual 
lumens, dual catheters with longer and shorter separated limbs. 
The levels of the two limbs were evaluated separately. 

The catheter tip position was evaluated with reference to 
the caval atrial junction (CAJ) and the right main bronchus 
(RMB) (Fig. 1). When the catheter tip was positioned at the 
level of the CAJ, it was recorded as the mid-level position. If 
the tip was positioned at the upper or lower levels in relation to 
the CAJ, it was recorded as the upper or lower level positions, 
respectively. Similarly, when the catheter tip was positioned 
above the upper margin, between the upper and lower mar-
gin, or below the lower margin of the RMB, it was recorded as 
upper, mid, or lower level positions, respectively. For follow-up 
of the T-CVCs, subsequent serial chest radiographs of the pa-
tients were retrospectively evaluated. When the removal of 
the T-CVCs was noticed, the catheter indwelling time was 
calculated and the cause of removal was investigated on med-
ical records. T-CVCs were removed in cases of impaired func-
tion, peri-catheter super-infection, malposition, or no further 
clinical requirements. 

During the statistical evaluation a “catheter failure” was de-
clared when the function of the T-CVC was shorter than the 
indwelling time. The statistical analysis was performed using 
Cox regression analysis. In order to investigate the impact of 
covariates on the longevity of T-CVCs, a proportional hazard 
model was fitted. Patients were followed up for the lifespan of 
the T-CVCs and were censored when T-CVCs were removed 

ing to the K/DOQI guidelines, a catheter tip should be adjust-
ed to the level of the caval atrial junction or into the right atri-
um (RA); catheter choice may be based on local experience, 
goals for use, and cost. Aside from the K/DOQI guidelines for 
hemodialysis, there is no more detailed information in the lit-
erature providing guidance to medical personnel regarding 
the T-CVC procedure for purposes other than hemodialysis. 

In this study we report the results from an audit of all tun-
neled catheter insertions performed under various purposes 
at our institution over a three year period. We have evaluated 
the outcomes and complications of three different catheters. 
The purpose of the current study was to evaluate the factors 
determining the longevity of T-CVCs with a focus on the cath-
eter tip position. 

MATERIALS AND METHODS

Three hundred sixty-three T-CVCs were inserted during 
the study period. The study population was comprised of 189 
males (52%) and 174 females (48%). The age of the subjects 
ranged from 10-90 years, with a mean of 51.6 years.

A retrospective study was conducted on 363 T-CVCs (14.5F 
Hemo-Glide® and 14.5F HemoSplit®, Bard Access System, Salt 
Lake City, UT, USA and 13.5F Permcath®, Quinton, Seattle, WA, 
USA), which were inserted into patients at the interventional 
radiology suites in our institute from January 2005 to August 
2008. One hundred ninety Permcath® catheters, 50 Hemo-
Glide®, and 123 HemoSplit® catheters were inserted. Since 
three kinds of catheters were introduced into our hospital se-
quentially and the latter model replaced the former model, 
three subject groups by catheter model were included consec-
utively by time. The clinical requirements of T-CVCs were in-
serted either chemotherapy or hemodialysis in our institute. 
The number of T-CVCs for chemotherapy versus hemodialy-
sis was 101 versus 89, 17 versus 33, and 53 versus 70 for the 
Permcath®, Hemoglide®, and Hemosplit® catheters, respec-
tively. Since a single model of T-CVC was available in our in-
stitute, the T-CVC was commonly used for hemodialysis and 
chemotherapy. Practically, the dual lumen T-CVC was re-
quired for chemotherapy due to its mechanical stability, con-
stant longevity, and spare lumen for either drug infusion or 
blood sampling. 
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had a dual catheter with two distinct attached circular lumens 
and 33.9% (n = 123) had dual catheters with two distinct and 
separate lumens. Of the 363 T-CVCs, the tip position of the 
short limb (SL) of the catheter was at the CAJ in 46.3% of the 
patients (n = 168) and above or below the CAJ in 34.4% (n = 
125) and 19.3% of the patients (n = 70), respectively. Of the 
363 T-CVCs, the tip position of the SL of the catheter was at 
the mid-level of the RMB in 37.7% of the patients (n = 137) 
and the upper or lower level of the RMB in 5.8% (n = 21) and 
56.5% of the patients (n = 205), respectively (Table 1).

Of the 363 T-CVCs, 46 cases were removed unexpectedly. 
Among these 46 cases, 21 T-CVCs were removed due to simple 
occlusion of catheter lumen. Fifteen T-CVCs had to be removed 
by superimposed infection. In 10 cases, the catheters occluded 
with displaced malposition. The remaining 317 T-CVCs were 
censored, and for the following reasons: 142 T-CVCs were re-
moved due to well-functioning A-V fistula or graft, 15 for re-

if no longer needed. Kaplan-Meier survival curves were plot-
ted to investigate the impact of the entry vessel, catheter tip 
position, and gender. All analyses were performed using PASW 
statistics for Windows, version 18.0 (SPSS, Inc., Chicago, IL, 
USA).

RESULTS

In this study, the majority of patients required long-term, 
large-bore venous catheter access for multiple reasons. The 
primary indications included administration of chemothera-
py (n = 171) and hemodialysis (n = 192). The sites of entry in-
cluded the right internal jugular vein (RIJV) in 91.2% of pa-
tients (n = 331) and the left internal jugular vein (LIJV) in 
8.8% of patients (n = 32). Of the 363 T-CVCs inserted, 52.3% 
(n = 190) were 13.5 Fr catheters, and 47.7% (n = 173) were 
14.5 Fr catheters. Of the 363 T-CVCs inserted, 66.1% (n = 240) 

Table 1. Stratification of Catheter Tip Position Based on CAJ and RMB 
　 LL CAJ SL CAJ LL RMB SL RMB

Upper 15 (4.1%) 125 (34.4%)   5 (1.4%) 21 (5.8%)
Mid   96 (26.5%) 168 (46.3%) 16 (4.4%) 137 (37.7%)
Lower 252 (69.4%)   70 (19.3%) 342 (94.2%) 205 (56.5%)

Note.-CAJ = superior vena cava–right atrium junction, LL = longer limb of catheter tip, RMB = right main bronchus, SL = shorter limb of catheter tip 

Fig. 1. Stratification of the catheter tip position based on cavoatrial junction (CAJ) and right main bronchus (RMB). 
A. First, during the procedure, the upper (arrows) and lower margins (arrowheads) of RMB are depicted under fluoroscopic guidance. 
Subsequently the catheter is located with a shorter limb above the upper margin of RMB and a longer limb below lower margin of RMB. 
B. After initial placement of the catheter along the RMB level, transcatheter angiography is performed through each catheter hub by manual in-
jection of 10 mL of 1 : 1 iodinated contrast medium and normal saline solution. By checking the sequential opacification of superior vena cava, 
right atrium, right ventricle, and pulmonary artery, the tip position is adjusted based on CAJ (arrow).

A B



Factors Affecting Longevity of Tunneled Central Venous Catheters 

submit.radiology.or.krJ Korean Soc Radiol  2011;65(6):555-562558

gender was better for the longevity of T-CVCs than female 
was observed as mean longevities of 135.0 ± 114.8 days and 
111.0 ± 109.7 days, respectively. The longevities of T-CVCs by 
the three age groups (younger than 50 years, from 50 to 70 years, 
older than 70 years) were 134.0 ± 103.1 days, 119.0 ± 117.3 days, 
and 106.8 ± 125.5 days, respectively. The older group showed 
shorter longevity of T-CVCs. However, the indications for T-
CVCs did not show a trendy difference in the longevity. Com-
pared to the mean longevity of whole T-CVCs (123.5 ± 112.9 
days), the chemotherapy and hemodialysis groups showed 
mean longevities of 130.3 ± 83.6 days and 117.4 ± 133.6 days, 
respectively. The presence versus absence of HTN, DM, and 
congestive heart failure showed longevities of 120.3 ± 140.0 
versus 126.0 ± 86.7, 122.8 ± 130.0 versus 124.0 ± 103.2, and 
128.5 ± 184.6 versus 123.0 ± 101.7 days, respectively. 

DISCUSSION 

Catheterization with T-CVCs is one of the most commonly 
performed procedures in the hospital setting today. Most pa-
tients who require T-CVCs are for long-term use, such as che-
motherapy and hemodialysis patients (3). Attempts to increase 
T-CVC longevity and preventing repeated re-insertions are 
therefore justified and desirable. 

The present study focused on determining how many and 
which factors determined the longevity of T-CVCs. Petersen 
et al. (7) put forth the hypothesis that catheter tip positien 
and the diameter of the T-CVC have an important effect on 
T-CVC longevity. Inspite of the K/DOQI guidelines, we need-
ed more information about catheter manipulation during T-
CVC procedure. 

In our institute, the puncture of the internal jugular vein 
under ultrasonographic (US) guidance was the routine ap-

covering of native renal function, and 53 due to the conclusion 
of chemotherapy. Moreover, 15 patients died with functioning 
T-CVCs, 78 T-CVCs were still working at time of completion of 
audit, and 14 patients were lost to follow up.

In order to investigate the impact of covariates on time-to-
failure for T-CVCs, a Cox proportional hazards model was fit-
ted and included the covariates of gender, site of entry vessel, 
catheter tip position, catheter type, catheter diameter, and un-
derlying disease such as HTN and DM. The catheter tip posi-
tion, entry vessel, and catheter type were important factors in 
determining the longevity of T-CVCs (Table 2). Placement of 
the short limb catheter tip at the CAJ in comparison to above 
or below the CAJ significantly increased the longevity of the 
T-CVC (p < 0.001, RR = 3.888, 95% CI 2.191-6.902). The mean 
survival of T-CVCs placed at the CAJ, below the CAJ, and 
above the CAJ were 136.7 ± 112.6 days, 98.9 ± 119.2 days and 
119.6 ± 107.8 days, respectively (Fig. 2A). The site of the entry 
vessel was a significant predictor of increased longevity of the 
T-CVCs (p < 0.001, RR = 3.841, 95% CI 1.908-7.732). The mean 
survival of the RIJV and LIJV entry vessels were 126.1 ± 113.0 
days and 96.7 ± 110.1 days, respectively (Fig. 2B). The tip of the 
short limb below or at the lower margin of the RMB in com-
parison to above the lower margin of the RMB significantly 
increased the longevity of T-CVCs (p = 0.032, RR = 0.478, 
95% CI 0.243-0.940). The mean survival of T-CVCs placed in 
the upper, mid, and lower levels than the lower margin of RMB 
were 61.4 ± 69.1 days, 121.2 ± 98.9 days, and 131.4 ± 123.1 days, 
respectively (Fig. 2C). A two distinct and separate type T-CVC 
increased the longevity of T-CVCs (p = 0.023, RR = 0.406, 
95% CI 0.186-0.883) (Fig. 2D).

Although no statistical significance could be observed, some 
trends were noted in the influence of some other covariates 
on the longevity of T-CVCs in this study. A trend that male 

Table 2. Cox Proportional Hazards Model to Assess the Longevity of T-CVCs

　 p-value Hazard Ratio
95% CI

Lower Upper
SL CAJ < 0.001 3.888 2.191 6.902
Entry vessel < 0.001 3.841 1.908 7.732
SL RMB     0.032 0.478 0.243 0.940
LL CAJ     0.044 0.424 0.184 0.976
Catheter type     0.023 0.406 0.186 0.883

Note.-CAJ = superior vena cava–right atrium junction, CI = Confidence interval, LL = longer limb of catheter, RMB = right main bronchus, SL = shorter 
limb of catheter, T-CVCs = tunneled central venous catheters
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ported series of unguided subclavian vein port insertion (7). 
The increased longevity of the T-CVC catheters via RIJV com-
pared to via LIJV may be due to a longer draining course from 
the LIJV to the superior vena cava (SVC) than from the RIJV 
to the SVC. Also in oncology patients, the suitability and safe-
ty of venous port implantation with catheter insertion via the 
RIJV has been verified (8). 

In addition, catheter tip position at the site of vessel entry 
was another important factor affecting the longevity of the T-

proach and was more popular than unguided or subclavian 
vein punctures. The placement of T-CVC insertion via the in-
ternal jugular vein under US-guidance was performed with-
out any early complications, such as pneumothorax or massive 
hematoma. A follow-up evaluation did not demonstrate pro-
cedure-related delayed complications requiring catheter re-
moval. In the literature, concordant to our results, image-guid-
ed placement of internal jugular vein chest ports had a high 
success rate and a low complication rate compared with re-

Fig. 2. Kaplan-Meier survival curve analysis about the longevity of tunneled central venous catheters (T-CVCs) by the influence of statistically 
significant covariates.
A. The short limb level of T-CVCs at cavoatrial junction (CAJ) shows the best longevity followed by the levels below and above the CAJ. At = at the 
CAJ, Below = below the CAJ, Above = above the CAJ
B. T-CVCs inserted through right internal jugular vein (IJC) shows better longevity than left IJC. RIJV = right internal jugular vein, LIJV = left inter-
nal jugular vein 
C. The short limb level of T-CVCs below the level of right main bronchus (RMB) shadow shows the better longevity than midlevel and above lev-
els. Below = below the lower margin of RMB, Above = above the upper margin of RMB, Mid = between upper and lower margin of RMB
D. Split type T-CVCs shows better patency than non-split type. Split = two distinct lumens and separated type, None = two distinct lumens and 
non-separated type
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influence the longevity since large bore catheters of either 13.5 
F or 14.5 F were used in all cases.  

In the literature, analysis of the various substances adminis-
tered, whether it was a medication or hemodialysis fluid, was 
also tested, and was not shown to influence the T-CVC lifes-
pan. Administered substances, such as antibiotics, have been 
found to increase phlebitis in some studies (13, 14), but not in 
other studies (15, 16). Administered substances associated 
with phlebitis could affect the longevity of catheter malfunc-
tion (13); however, more detailed studies seem to demonstrate 
that any possible effect is limited to very specific antibiotics 
(17). Lifespan of indwelled central venous catheter may be 
curtailed for a number of reasons. This may explain why the 
administered substances were not factors affecting longevity 
in this study. Age was also found to have no effect in our 
study, which agreed with the reports by Malach et al. (18) and 
Monreal et al. (19), who analyzed age with respect to phlebitis. 

The findings of this study should be considered despite its 
limitations. Decisions regarding the site of the entry vessel 
and diameter of the T-CVC were made by individual physi-
cians as in a normal clinical setting, considering the nature of 
the accessible veins, as well as the physician’s own individual 
preferences. Since no guidelines for entry vessel selection were 
utilized in this study, a natural bias might exist in the selec-
tion process. A second limitation of the study was that not all 
patients were followed until the removal of the T-CVC. Even 
though some patients were followed until removal of the T-
CVC due to either malfunction or no further need, some pa-
tients are still using catheters. For this reason, the proportion-
al hazard model and Kaplan-Meier survival curve analysis 
were performed in this study.

In conclusion, the catheter tip position, entry vessel, and 
catheter type were important factors in determining the lon-
gevity of T-CVCs. We recommend a two distinct and separate 
type T-CVC placed through the RIJV with tip position at the 
CAJ level for the longevity of T-CVCs. 
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터널형 중심정맥도관의 수명에 영향을 주는 인자들 

박지원 · 이종민

목적: 터널형 중심정맥도관(이하 T-CVC)의 수명에 영향을 미치는 인자들을 분석해 보았다.

대상과 방법: T-CVC를 설치한 총 363예를 후향적으로 연구하였다. 나이, 성별, 시술 적응증, 삽입정맥, 도관의 직경 및 

형태, 도관말단부 위치, 기저질환 등을 T-CVC의 수명에 영향을 미치는 인자로 설정하였고, 그 영향력을 분석하였다.

결과: 총 363예 중 331예(91%)는 우내경정맥을 통하여 설치되었으며 삽입정맥은 T-CVC의 수명에 영향력이 큰 인자였

다(p ＜ 0.001). 도관말단 위치는 가장 큰 영향력을 보였다. T-CVC의 짧은 가지 말단이 상대정맥-우심방 경계 수준에 

위치하거나 우기관지 하연보다 하방에 위치한 경우 더 좋은 예후를 보였다. 또한 분리형 도관의 경우 더 좋은 결과를 보

였다. 

결론: 분리형 T-CVC가 우경정맥을 통해 설치되고 짧은 가지 말단이 상대정맥-우심방 경계 수준에 위치하는 경우 

T-CVC의 수명은 유의하게 연장되었다.
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