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ABSTRACT

Purpose: To determine whether radiographic heart morphology and echocardiography findings were associated with
early central venous catheter (CVC) failure in hemodialysis patients. Materials & Methods: All hemodialysis catheter
insertions between 1996-2007 were captured in a combined nephrology radiology database. Factors were identified that
may be associated with early catheter failure. Factors examined included: echocardiography findings, radiographic evi-
dence of flattened heart border, boot-shaped heart and left ventricular hypertrophy as well as patient comorbidities and
peri-procedural characteristics. Results: Of the 132 CVC failures in 132 patients, 67 (50.8%) occurred within 30 days
of insertion. Early CVC failure was more likely to occur in patients who had insertions from the left side (/% p = 0.020)
and with catheter tip position outside the cavoatrial junction (4%, p = 0.040). CVC failure rates also differed by year of
placement (%, p < 0.01), if the patient had evidence of left ventricular hypertrophy (*, p = 0.030), left systolic dys-
function (%, p = 0.030), and hypokinetic right wall mechanics (%, p < 0.01). Conclusion: Radiographic findings of left
ventricular hypertrophy and echocardiography findings of left systolic dysfunction were found to be associated with

early failure.
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1. Introduction

Patients with end stage kidney disease undergoing
chronic hemodialysis therapy require dependable vascu-
lar access and an autogenous fistula has proven to be the
most reliable conduit [1,2]. However, tunneled hemodi-
alysis catheters continue to serve an important role in this
patient population and these catheters remain especially
prevalent among Canadian hemodialysis patients [3].
Although patients with CVCs have greater morbidity and
mortality relative to patients with AV fistulas and grafts
[4], CVC access remains beneficial in patients where AV
fistulas may be impractical, where short- to intermedi-
ate-term bridge access is required until an AV fistula is
developed or where vascular anatomy is unsuitable for
AV fistula or graft creation [5].

Despite their limited advantages, CVCs incur low rela-
tive patency rates and significant complications, and
recommendations have been made for their optimal
management [6,7]. Many previous studies have identified
factors that contribute to CVC failure, including infection,
thrombosis and other comorbidities such as hypertension
and cancer as contributory factors, however, none have
examined factors related to heart anatomy [8-10]. Nu-
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merous studies have reported patency outcomes at 30
days [11,12]. And at least one case report has noted vas-
cular access failure within 10 days, but little work has
examined factors that contribute to short- versus long-
term CVC failure [13].

To address the question of chest radiograph risk fac-
tors for early catheter failure, defined as failure within 30
days of insertion [14], this retrospective study included
an analysis of specific heart morphologies as well as
other patient and peri-procedural characteristics to iden-
tify possible risk factors for predicting hemodialysis
catheter outcome.

2. Materials and Methods
2.1. Patient Population

CVC failures in hemodialysis patients were captured by a
joint, regional nephrology radiology database of patients
from the Toronto General Hospital during the period of
1996 to 2007. Institutional research ethics board approval
was obtained for this retrospective study. CVC insertions
included in the study sample were limited to new catheter
insertions, inserted by interventional radiologists, with
failures that occurred both within 30 and after 30 days.
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Failure was defined as failure to attain and maintain an
extracorporeal blood flow sufficient (>250 mL/min) to
perform hemodialysis without significantly lengthening
the hemodialysis treatment. Failures and removals attrib-
uted to renal transplantation, recovery of renal function,
access creation, catheter removal by patient and sepsis
were excluded. Patients with insertion via the subclavian
veins, femoral hemodialysis catheters and catheter ex-
changes were also excluded to reduce confounding fac-
tors and focus the study on the preferred internal jugular
vein access route. Given these exclusion and inclusion
criteria, during the study period, 132 de novo tunneled
hemodialysis catheters (inserted into 132 consecutive
patients) formed the study sample.

Data collected included age, sex, comorbidities present
(diabetes, hypertension, coronary artery disease (CAD),
peripheral arterial vascular disease, hypercholesterolemia),
presence of malignancy, therapeutic anticoagulation, type
of catheter inserted, location of the tip of the catheter by
posterior-anterior and lateral chest radiography (CXR)
within 10 days after insertion, echocardiography results
(including ventricular size, systolic/diastolic function,
and ejection fraction), pre-procedure CXR heart con-
figuration including right heart border straightening, left
ventricular hypertrophy and boot-shaped heart. All
hemodialysis catheters were inserted under radiological
guidance with use of ultrasound to access the jugular
veins and fluoroscopic guidance by board certified inter-
ventional radiologists. All catheters were cuffed with a
step tip configuration with occasional split tip catheters
inserted. Catheters inserted were the Uldall-Cook 16
French (Fr) (Cook Medical, Bloomington IN), Cardio-
med HighFlow 14.5 Fr (CardioMed Supplies, Gormley,
ON), Vaxcel 14.5 Fr (Boston Scientific, Natick, MA),
Ash Split Cath (Medical Components Inc., Harleysville,
PA) and Optiflow (CR Bard, Salt Lake City, UT). All
catheters were tunneled from a chest incision to a neck
incision and passed through a peel-away sheath via the
internal jugular vein into the superior vena cava, atrial
caval junction or proximal right atrium. Fibrin sheath
formation was assessed at time of catheter exchange or
revision. Prior to exchange, the catheter was pulled back
to the venipuncture site and non-iodinated contrast was
injected with digitally subtracted images obtained at two
frames per second.

A total of 132 patients were included in the study
sample. Demographic information and baseline risk fac-
tors of the study cohort are presented in Table 1. The
mean patient age was 58.0 years (range, 18 - 88 years).

2.2. Study Endpoints and Definitions

Posterior-anterior and lateral chest radiographs were re-
viewed by three board certified radiologists for catheter
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tip position and radiographic appearance of the heart on
chest radiographs and the consensus method was used to
resolve any disagreements. Catheter tip position was de-
termined based on location to the carina and junction of
SVC with the right heart border. If the catheter tip ter-
minated within 3 cm of the carina, the catheter tip was
considered to be within the SVC. If the tip terminated at
the junction of the SVC with the right heart border, this
was considered to be the atrial caval junction. If the
catheter tip extended beyond this radiographic boundary,
it was considered to be within the proximal right atrium.
[15,16]. Tip position was not assessed with echocardi-
ography. Radiographic appearance of the heart was re-
corded as normal, right heart border straightening (where
the SVC border and right heart border followed a straight
line) or left ventricular hypertrophy (where the cardio-
thoracic ratio measured >50%). The primary outcome
was early CVC failure, defined as a catheter failure
within 30 days after the date of insertion. Comparison
was made to catheters that failed beyond 30 days.

2.3. Statistical Analysis

Patients with early CVC failure versus those with late
CVC failure were compared using the Wilcoxon rank-
sum test for continuous variables and the chi-square or
Fisher exact tests for categorical variables. For analysis
of risk factors for early failure, logistic regression analy-
sis was used. The association of heart shape with early
CVC failure was assessed using univariate logistic re-
gression analyses. All analyses were performed using the
SPSS software package, version 17.0 (SPSS Inc, Chicago,
IL); p < 0.05 was considered statistically significant.

3. Results

One hundred and thirty-two catheters were placed in 132
patients and mean catheter failure time was 25.7 days
(range, 0 - 73 days). Technical success of placement was
100%. Early CVC failure (less than 30 days) occurred in
67 patients (50.8%). The two patient groups were similar
with respect to mean age and sex; however, those pa-
tients who had late CVC failure tended to have their
CVCs placed in a more recent year than patients who
experienced early failure. Additionally, those patients
with left ventricular hypertrophy, left systolic dysfunc-
tion and hypokinetic right wall mechanics were more
likely to have had early CVC failure. Furthermore, pa-
tients with early failure were more likely to have had a
left-sided insertion, but a catheter tip placed in the
cavo-atrial junction was less likely to result in early fail-
ure. Both patient groups had similar catheter brands, in-
sertion sites as well as similar comorbidities (Table 1).
The causes of early catheter failure are summarized in
Table 2. The greatest known cause of CVC failure
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Table 1. Patient characteristics.
All insertions Early failure Late failure
Variable p value
(n=132) (n=67) (n =65)
Mean age (years) 58 58 58 0.88
Sex
Female 67 50.8% 33 50.8% 32 49.2% 1.00
Male 65 49.2% 34 50.7% 33 49.3%
Side of insertion
Right 84 63.6% 36 42.9% 48 57.1% 0.02
Left 48 36.4% 31 64.6% 17 35.4%
Catheter tip position
Cavo-atrial junction 21 15.9 9 42.9% 12 57.1% 0.04
Proximal/high RA 27 20.5 19 70.4% 8 29.6%
Mid-RA 37 28 19 51.4% 18 48.6%
Low RA 7 5.3% 5 71.4% 2 28.6%
RA 25 18.9% 12 48.0% 13 52.0%
Not stated 15 11.4% 3 20.0% 12 80.0%
Catheter brand
Unknown 2 15 2 100.0% 0 0.00% 0.12
Uldall-Cook 88 66.7% 50 56.8% 38 43.2%
Cardiomed 18 13.6% 6 33.3% 12 66.7%
Ash Split 3 2.3% 1 33.3% 2 66.7%
Vaxcel 20 15.2% 7 35.0% 13 65.0%
Optiflow 1 0.8% 1 100.0% 0 0.0%
Insertion site
Internal jugular 131 99.2% 66 50.4% 65 49.6% 0.51
External jugular 1 0.8% 1 100.0% 0 0.0%
Year of Placement
1996 1 0.8% 0 0.0% 1 0.8% <0.01
1998 5 3.8% 3 60.0% 2 40.0%
1999 15 11.4% 10 66.7% 5 33.3%
2000 18 13.6% 16 88.9% 2 11.1%
2001 24 18.2% 15 62.5% 9 37.5%
2002 27 20.5% 13 48.1% 14 51.9%
2003 22 16.7% 6 27.3% 16 72.7%
2004 12 9.1% 2 16.7% 10 83.3%
2005 6 4.5% 1 16.7% 5 83.3%
2006 1 0.8% 1 100.0% 0 0.0%
2007 1 0.8% 0 0.0% 1 100.0%
Copyright © 2012 SciRes. OJRad
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Hypertension

Present 114 86.4% 55 48.2% 59 51.8% 0.12
Absent 18 13.6% 12 66.7% 6 33.3%
Diabetes
Present 48 36.4% 21 43.8% 27 56.3% 0.15
Absent 84 63.6% 46 54.8% 38 45.2%
Coronary artery disease
Present 79 59.8% 39 49.4% 40 50.6% 0.42
Absent 53 40.2% 28 52.8% 25 47.2%
Peripheral vascular disease
Present 21 15.9% 10 47.6% 11 52.4% 0.47
Absent 111 84.1% 57 51.4% 54 48.6%
Polycystic kidney disease
Present 6 4.5% 2 33.3% 4 66.7% 0.33
Absent 126 95.5% 65 51.6% 61 48.4%
Prior MI
Present 23 17.4% 11 47.8% 12 52.2% 0.47
Absent 109 82.6% 56 51.4% 53 48.6%
Hypercholesterolemia
Present 62 47.0% 32 51.6% 30 48.4% 0.50
Absent 70 53.0% 35 50.0% 35 50.0%
Cancer
Present 20 15.2% 12 60.0% 8 40.0% 0.26
Absent 112 84.8% 55 49.1% 57 50.9%
Anticoagulated
Present 70 53.0% 39 55.7% 31 44.3% 0.15
Absent 62 47.0% 28 45.2% 34 54.8%
Left ventricular hypertrophy
Present 98 74.2% 55 56.1% 43 43.9% 0.03
Absent 34 25.8% 12 35.3% 22 64.7%
Boot-shaped heart
Present 73 55.3% 37 50.7% 36 49.3% 0.56
Absent 59 44.7% 30 50.8% 29 49.2%
Flattened right heart border
Present 67 50.8% 34 50.7% 33 49.3% 0.57
Absent 65 49.2% 33 50.8% 32 49.2%
Left ventricular cavity size
Reduced 40 30.3% 21 52.5% 19 47.5% 0.19
Normal 64 48.5% 28 43.8% 36 56.3%
Mildly dilated 28 21.2% 18 64.3% 10 35.7%
Copyright © 2012 SciRes. OJRad
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Continued

Left systolic function

Normal 62 47.0% 27 43.5% 35 56.5% 0.03
Mild global dysfunction 54 40.9% 27 50.0% 27 50.0%
Severe global dysfunction 16 12.1% 13 81.3% 3 18.8%

Left diastolic function

Normal 65 49.2% 30 46.2% 35 53.8% 0.43
Mild dysfunction 59 44.7% 31 52.5% 28 47.5%
Moderate dysfunction 7 5.3% 5 71.4% 2 28.6%
Severe dysfunction 1 0.8% 1 100.0% 0 0.0%

Left wall abnormalities

Normal 61 46.2% 25 41.0% 36 59.0% 0.15
Septal hypertrophy 53 40.2% 30 56.6% 23 43.4%
Impaired relaxation 1 0.8% 1 100.0% 0 0.0%
Hypokinesia 17 12.9% 11 64.7% 6 35.3%

Right ventricular cavity size
Normal 80 60.6% 37 46.3% 43 53.8% 0.24
Enlarged 52 39.4% 30 57.7% 22 42.3%

Right systolic function
Normal 89 67.4% 45 50.6% 44 49.4% 0.55
Hypokinetic 43 32.6% 22 51.2% 21 48.8%

Right diastolic function
Normal 85 64.4% 40 47.1% 45 52.9% 0.17
Hypokinetic 47 35.6% 27 57.4% 20 42.6%

Right wall mechanics
Normal 61 46.2% 18 29.5% 43 70.5% 0.00
Hypokinetic 71 53.8% 49 69.0% 22 31.0%

Ejection fraction

Below normal (<55%) 19 14.4% 12 63.2% 7 36.8% 0.51
Normal (55% - 75%) 111 84.1% 54 48.6% 57 51.4%
Above normal (>75%) 2 1.5% 1 50.0% 1 50.0%

Table 2. Early catheter failure types.

n % of total failures Early failure (%) Late failure (%) p value
Poor flow 37 41.1% 17 (45.9) 20 (54.1) 0.63
Malposition 12 13.3% 5 (41.7) 7 (58.3)
Infection 15 16.7% 9 (60.0) 6 (40.0)
No reason given 9 10.0% 6 (66.7) 3(33.3)
Accessing another vein 13 14.4% 8 (61.5) 5(38.5)
Clot 4 4.4% 3(75.0) 1(25.0)
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within 30 days was poor flow (45.9%) followed by mal-
position. Both patient groups had similar causes of CVC
failure. There were no complications associated with
catheter insertion.

4. Discussion

According to the United States Renal Data System
(USRDS), expenditures for patients with hemodialysis
catheters in 2005 were approximately $75,000 per person
per year with placement costs approaching $15,000 [1].
Given such high costs, medical professionals and manu-
facturers have tried to overcome perceived catheter fail-
ures and deficiencies, which include thrombosis, infec-
tion, fibrin sheath formation and occlusion [17]. Fur-
thermore, a controversial issue that is yet to be defini-
tively resolved is the optimal location for the catheter tip
[18]. Despite multiple studies that have examined differ-
ences in patency between different catheter types and tip
location [16], and despite the recommendation that plain-
film imaging should remain the standard of care for
evaluation of proper CVC placement [19], little investi-
gation has been performed regarding other predictive
factors for early failure of catheters prior to insertion
including cardiac anatomy as displayed by plain-film
imaging and echocardiography results.

A misunderstanding of cardiovascular anatomy and
the various approaches to inserting CVC’s may result in
increased CVC failures or complications [20]. Some
studies have demonstrated that certain demographic fac-
tors or multiple percutaneous punctures per procedure
have been associated with CVC complications [21]. In
terms of site of introduction, multiple studies have shown
that the right internal jugular vein approach is associated
with lower rates of mechanical complications relative to
other sites, which may be partially attributable to differ-
ences in diameter between each vein [22-24]. Within our
study, we also found that catheter insertion from the right
side was associated with a greater likelihood of main-
tained patency [25]. Beyond these results, few other fac-
tors have been examined.

The original hypothesis of our study was that the ra-
diographic shape of the heart could predict the risk for
early catheter failure. This was a personal hypothesis
based on observed but unstudied outcomes. An enlarged
cardiomediastinal silhouette is often associated with left
ventricular hypertrophy and we hypothesized that this
was associated with early catheter failure. The premise
was that left ventricular hypertrophy would indicate a
possible axis shift of the heart whereby the wall of the
right atrium would parallel the wall of the superior vena
cava (SVC). Assuming this possibility, we hypothesized
that there would be a greater likelihood of the hemodi-
alysis catheter resting against the wall of the SVC and/or
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right atrium leading to poor flows and early failure of the
CVC [26,27]. After analysis of the data, radiographic
findings of left ventricular hypertrophy was significantly
associated with early failure.

In addition to radiographic findings, we examined
echocardiographic findings to determine any association
with early failure and found that left ventricular dysfunc-
tion was found to be significant. Left ventricular dys-
function is associated with left ventricular hypertrophy.
In addition, when determining potential predictors of
catheter failure, we also examined early failures versus
late failures and found that there was no association be-
tween the type of catheter failure and whether failure
occurred early or late.

The suggested catheter tip location by manufacturers is
the right atrium/SVC junction. This position has been the
subject of intense debate within recent years with the
2001 Kidney Disease Outcomes Quality Initiative (K/
DOQI) Clinical Practice Guidelines suggesting the tip be
located in the SVC/right atrial junction for tunneled
(cuffed) catheters and SVC/atrial junction or the SVC for
non-tunneled catheters [28]. At our institution, we at-
tempt to place the tip of the catheter in the proximal right
atrium. Some have suggested that there is improved
patency in this location because of the lower suggested
risk of fibrin sheath formation and wall apposition [27,
29,30]. Others have suggested that right atrium position-
ing may be associated with an increased risk of atrial clot
formation [31]. Despite our preferred location within the
proximal right atrium, a number of catheters were placed
with the tips terminating at the SVC or at the atrial caval
junction. We observed a significantly greater risk of early
catheter failure when the catheter tip was located in a
position other than the cavoatrial junction and have to
explanation for this observation.

Limitations of the current study include the retrospec-
tive nature of the study and the relatively small sample
size. The retrospective nature of the study may have bi-
ased results, particularly in regards to the cause of failure.
For instance, the absence of fibrin sheath was often in-
ferred based on database records and is partially reflected
in the 60% early failure rate for unknown causes. A pro-
spective design may have helped determine the cause of
failure in the “unknown” group. This, in turn, may have
uncovered links between different heart morphologies or
comorbidities and particular types of catheter failure.
Furthermore, it is possible that a study with a larger sam-
ple size may better elucidate the association between left
ventricular hypertrophy and increased risk of CVC fail-
ure. Also, only step tip catheters were inserted. Newer
catheter shapes may influence predictive factors. Lastly,
catheter tip position was determined from an on-table
antero-posterior image. Catheter tip position can change
significantly from a supine to upright position [18].
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In summary, insertions from the right side were asso-
ciated with maintained catheter patency whereas radio-
graphic evidence of left ventricular hypertrophy was as-
sociated with early failure. Echocardiography findings of
left systolic dysfunction was also associated with early
failure.
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