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Rate of Tunneled Hemodialysis Catheters

Hemodiyaliz Kateterlerinin Enfeksiyon Oranlari

ABSTRACT

Aim: Tunneled hemodialysis catheters are frequently used for hemodialysis patients and
provide temporary venous access. However, it causes complications such as catheter-related
infection, pneumothorax and hematoma. In this study, we aimed to evaluate the infections,
complications and catheter patency rates that developed after the use of tunnel catheters
connected to three different access routes.

Material and Methods: A total of 145 patients who underwent hemodialysis due to chronic
renal failure and who were placed on permanent hemodialysis catheter were included. In this
study, jugular vein route was used as the first choice for the dialysis access route, when other
access routes were needed due to complications and infection, femoral vein route was the
second choice, while subclavian vein route was the third choice.

Results: The femoral vein group had the highest infection rate and the lowest patency rate
(both p<0.001). The infection rate at the end of one year was 65.3%, 95.6%, and 64.0% for the
jugular vein, femoral vein and subclavian vein, respectively. At the end of one year, patency
rates for the jugular vein, subclavian vein and femoral vein were 57.3%, 6.7%, and 32.0%,
respectively.

Conclusion: Although the jugular vein is the first choice for venous entry in hemodialysis
patients, femoral and subclavian veins are also used. In this study, the jugular vein was the best
option in terms of patency rate and infection. The femoral vein, on the other hand, had the
worst patency rate and was also the access route with the highest infection rate.

Keywords: Hemodialysis; infection; catheter.
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Amag: Tiinelli hemodiyaliz kateterleri hemodiyaliz hastalar1 ig¢in siklikla kullanilir ve
hastalara hemodializ i¢in gegici vendz erisim saglar. Ancak kateter ile iligkili enfeksiyon,
pnomotoraks ve hematom gibi komplikasyonlara neden olur. Bu ¢aligmada, ti¢ farkli giris
yoluna baglh tiinelli Kkateterlerin enfeksiyon, komplikasyon ve agiklik oranlarinin
degerlendirilmesi amaglanmustir.

Gerec ve Yontemler: Calismaya kronik bobrek yetmezligi nedeniyle hemodiyaliz yapilan ve
kalic1 hemodiyaliz kateteri takilan toplam 145 hasta dahil edildi. Bu ¢alismada diyaliz giris
yolu olarak juguler ven yolu ilk tercih olarak kullanildi, komplikasyonlar ve enfeksiyona bagh
olarak diger giris yollarina ihtiya¢ duyuldugunda femoral ven yolu ikinci tercih olurken
subklavian ven yol ise tigiincii tercih oldu.

Bulgular: Femoral ven grubu en yiiksek enfeksiyon oranina ve en diisiik agiklik oranina
sahipti (her iki p<0.001). Birinci yilin sonunda enfeksiyon orani juguler ven, femoral ven ve
subklavyen vende sirasiyla %65,3; %95,6 ve %64,0 idi. Birinci y1l sonunda juguler ven,
subklavyen ven ve femoral ven agiklik oranlari ise sirastyla %57,3; %6,7 ve %32,0 idi.
Sonu¢: Hemodiyaliz hastalarinda juguler ven venoz giris i¢in ilk secenek olmasina ragmen
femoral ve subklavyen venler de kullanilmaktadir. Bu ¢aligmada, juguler ven agiklik oran1 ve
enfeksiyon agisindan en iyi segenek idi. Diger taraftan, femoral ven ise en kotii agiklik oranina
sahipti ve ayni1 zamanda enfeksiyon orani en yiiksek olan giris yolu idi.

Anahtar kelimeler: Hemodiyaliz; enfeksiyon; kateter.
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INTRODUCTION

The number of patients in need of hemodialysis due to
chronic kidney failure increases with the development of
technology and the health system (1). For chronic
hemodialysis patients, the best route of entry for
hemodialysis is primarily arteriovenous fistula (AVF), as
indicated in more than one guideline (2,3). However,
during AVF maturation process or in cases where there is
no suitable vessel, alternative access ways are preferred.
Tunneled hemodialysis catheter (THC) is a good
alternative in this group of patients for hemodialysis. It is
previously shown that less than 10% of hemodialysis
patients begin hemodialysis with an indwelling catheter, as
recommended by guidelines (2,3).

THC are usually placed in the rib cage through a central
vein. Mostly, the internal jugular vein is used. Less
frequently, and the subclavian or femoral vein is used if
it’s thought that jugular vein is hard to access. The femoral
vein is used when bilateral occlusion occurs in the jugular
and subclavian veins due to prolonged use in upper
extremity veins (4). THC provide temporary venous
intervention for hemodialysis patients until the AVF or
polyfluoroethylene graft is ready after maturation, but it
should always be in mind that catheter may cause infection
complications. Infections are serious complications for
THC. Catheter-related infection is on average 0.2-0.4%
patient/day and the equivalent of 0.7-1.5 catheter per year
in a prior study (5). Catheter-related bacteremia can result
in endocarditis, osteomyelitis, epidural abscess, septic
arthritis, and death (6).

In this study, we aimed to evaluate the infection and
catheter-related complications, and patency rates for the
three different ways of THC.

MATERIAL AND METHODS

Our study, which was taken with the approval of the Ethics
Committee of Selguk University Faculty of Medicine
(07.01.2014, 1/16), was designed as a retrospective study.
A total of 145 patients who underwent hemodialysis due
to chronic renal failure and who were placed on permanent
hemodialysis catheter were included in the study.

The internal jugular vein was the primarily venous access
route chosen for the patients. The femoral vein was
preferred as the second choice when a new access route
was needed for certain reasons such as catheter thrombosis
and infection. The subclavian vein was our third choice for
this catheter.

The procedures were carried out by cardiovascular
surgeons, using standard surgical area cleaning, with the
guide of ultrasonographic visualization. 24 cm 12-14
French size permanent hemodialysis catheter was used for
internal jugular vein and subclavian vein, while 36-42 cm
catheter was used for femoral route. We routinely
confirmed place of each catheter by direct radiography or
ultrasonography with the inserted internal jugular catheter
was in the right atrium and the femoral catheter in the
proximal inferior cava. Catheters were immediately
flushed with heparinized saline before use.

In the follow-up of the patients, when there were signs of
fever and chills, blood and catheter cultures were taken for
bacteriological analysis from the patients. Antibiotic
treatment and catheter replacement were considered
according to the laboratory results.

Infection Rates of Catheters

Statistical Analysis

The normality assumption was examined with
Kolmogorov-Simirnov test. Comparisons between groups
were made using One-Way ANOVA followed by LSD post
hoc test or Kruskal-Wallis followed by Dunn’s post hoc test.
Pearson chi-square or Fisher-Freeman-Halton test was used
to analyze categorical variables. Numerical variables were
summarized as meantstandard deviation or median,
interquartile range, minimum-maximum, while categorical
variables were summarized with frequency and percentage.
Infection free survival and patency rates were analyzed by
using life tables and Kaplan-Meier survival analysis, and the
Log-rank test was used to compare groups. Statistical
analyses were performed with SPSS v.22 statistical package
and 0.05 was considered as the statistical significance level.

RESULTS

Of the patients 76 (52.4%) were male and 69 (47.6%) were
female. The mean age of the patients was 52.48+9.83
years. There were 75 (51.7%) patients in internal jugular
vein group, while 45 (31.0%) patients in subclavian vein
and 25 (17.2%) patients in femoral vein groups. There was
no significant difference in terms of gender, age,
hypertension, diabetes mellitus, and congestive heart
failure between the jugular vein access, the subclavian vein
and femoral vein access patients (Table 1). Patients with
internal jugular vein catheters underwent hemodialysis for
a median of 1 year, while patients who were placed
hemodialysis catheters through femoral and subclavian
veins were on hemodialysis for median of 4 and 3 years,
respectively (p<0.001). When the patients were examined
in terms of postoperative complications, pneumothorax
developed in 1 (1.3%) patient in the internal jugular vein
group and 2 (8.0%) in the subclavian vein group after the
insertion of central hemodialysis catheter (Table 2). There
was no significant difference between the groups in terms
of pneumothorax (p=0.105). Hemothorax developed only
in 1 (4.0%) patient in the subclavian catheter group.
Hematoma development was seen in 7 patients, 4 (5.3%)
in the internal jugular vein group and 3 (6.7%) in the
femoral vein group. However, there was no significant
difference between the groups in terms of both hemothorax
and hematoma formation (p=0.172 and p=0.524,
respectively). There were 6 patients with misdirection in
total, whom 4 (5.3%) were in internal jugular vein group
while 2 (8.0%) of them in subclavian vein group.
Interestingly, all internal jugular misdirected catheters
were inserted via the left jugular vein. But there was no
significant difference between groups (p=0.252).
Considering the infection rates of the groups, the
possibility of developing an infection at the end of 1 year
was 65.3% (n=49), 95.6% (n=43), and 64.0% (n=16) in the
jugular vein, femoral vein and subclavian vein,
respectively. Infection development rate at the end of first
year was highest in the femoral vein group and it was
statistically significantly higher than other two groups
(p<0.001). Infection free survival in femoral vein group
was significantly lower in comparison to internal jugular
vein and subclavian vein groups (Table 3, Figure 1). On
the other hand, although the jugular and subclavian groups
were close in terms of the risk of developing an infection,
the jugular group was slightly better in freedom from
infection. At the end of one year, patency rates of the
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jugular vein, subclavian vein and femoral vein were 57.3%
(n=43), 6.7% (n=3), and 32.0% (n=8), respectively. There
was a statistically significant difference between the
groups in terms of patency (p<0.001). The lowest patency
rate was in the femoral vein group, at the end of first year,
with 6.7%. On the other hand, the jugular vein group had
the best patency with 57.3%. Accordingly, patency

Tablel. Preoperative patient characteristics

Infection Rates of Catheters

survival in femoral vein group was found significantly
lower than internal jugular vein and subclavian vein
groups (Table 3, Figure 2). Bacteriological cultures
revealed, methicillin-resistant Staphylococcus aureus,
Enterococcus and Pseudomonas species, and patients were
treated with cephalosporin (e.qg., ceftazidime, cefepime) or

aminoglycoside according to our antibiotic regime.

Internal Jugular Vein (n=75) Femoral Vein (n=45) Subclavian Vein (n=25) p
Age (years), mean+SD 51.61+10.02 52.51+10.55 55.00+7.53 0.331
Male, n (%) 39 (52.0) 23(51.1) 14 (56.0) 0.921
DM, n (%) 25 (33.3) 13 (28.9) 7 (28.0) 0.823
HT, n (%) 19 (25.3) 10 (22.2) 7 (28.0) 0.857
CAD, n (%) 13 (17.3)2 0(0.0)° 0(0.0)° 0.002
Obesite, n (%) 11 (14.7) 6 (13.3) 3(12.0) 0.940
CHF, n (%) 6 (8.0) 3(6.7) 2(8.0) 0.116
Years on HD (years), 1(1) [1-3]° 4(2) 2-7]° 3 (1) [2-4]° <0001

median (IQR) [min-max]

DM: diabetes mellitus, HT: hypertension, CAD: coronary artery disease, CHF: congestive heart failure, SD: standard deviation, IQR: interquartile
range, *< different superscript letters denote significant difference between groups according to the post hoc test result

Table 2. Postoperative complications

Internal Jugular Vein (n=75) Femoral Vein (n=45) Subclavian Vein (n=25) p
Pneumothorax, n (%) 1(1.3) 0(0.0) 2(8.0) 0.105
Hemothorax, n (%0) 0(0.0) 0 (0.0 1(4.0) 0.172
Hematoma, n (%) 4 (5.3) 3(6.7) 0 (0.0) 0.524
Misdirection, n (%) 4 (5.3) 0 (0.0) 2(8.0) 0.252

Table 3. Patency and infection free survival in groups (day)

Internal Jugular Vein (n=75)

Femoral Vein (n=45)

Subclavian Vein (n=25) p

Infection Free Survival

MedianSE (95% Cl)  250.0+25.9 (199.1 - 300.9)

70.0423.5 (23.9 - 116.0)

240.0+24.9 (191.0 - 288.9)

Mean+SE (95% CI) 232.4+13.9 (205.0-250.8)  111.5:13.8 (84.3- 138.7) 216.8:26.4 (165.1 - 2685) ~0-001
Patency
Median+SE (95% Cl) - 7004235 (239-116.0)  240.0:33.3 (1747-3053) o o
Mean+SE (95% CI) 262.8+14.9 (233.5-292.1)  118.7+15.4 (88.5-149.0)  217.6+25.8 (167.0 - 268.1) '
SE: standard error, Cl: confidence interval
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Figure 1. Infection free survival in groups

Figure 2. Patency rates in groups
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DISCUSSION

Dialysis access is the most important problem in patients
with chronic kidney failure. An AVF is still the most valid
access route, but this is not always possible in practice.
THC is required in patients who are on dialysis for a long
time or expected maturation of the fistula. The Kidney
Disease Outcomes Quality Initiative (K/DOQI) practice
guidelines mandate standards for dialysis access and
maintenance (2-3). The current K/DOQI guidelines
recommend that 50% of all new accesses for hemodialysis
be natural vein fistulas, with a goal prevalence of 4%
fistulas throughout the dialysis population in the United
States (2-3). THC remains an integral tool both as a bridge
for fistula maturation and as the sole venous access to
achieve this goal in a select population of patients.

A sudden deterioration in the general condition of the
patient after a central venous catheter should suggest a
complication (7). Complications related to tunneled dialysis
catheters may cause various problems. These complications
are also important in terms of patients and treatment
compliance in complications related to the preferred access
routes. These are pneumothorax, hemathorax, hematoma,
infections, catheter dysfunction, arterial puncture, arterial-
venous fistula, nerve injury, thoracic duct injury (left side
only), venous air embolism, intraluminal dissection, and
puncture of the aorta and central vein stenosis (8,9).
Diagnostic procedures, including a bedside ultrasound,
transesophageal echocardiography, or vascular computed
tomography, and the execution of fast and necessary
management procedures can save the patient's life (10).
Serious complications play an important role in mortality
and morbidity. Complications also cause a significant
increase in treatment cost.

Pneumothorax is one of the common complications after
THC (9). The incidence of pneumothorax after central
catheter insertion varies between 1 and 6% (11). Chest
radiography and ultrasonography can be used in the
diagnosis of pneumothorax (9). In our study,
pneumothorax was seen in only 3 patients and there was
no significant difference between the groups. Subclavian
vein insertion has been reported to have a higher
pneumothorax incidence of than other veins insertion (12).
In our patients, pneumothorax was more common in the
subclavian vein, but there was no significant difference
with the jugular vein. When a pneumothorax develops, the
size, symptoms, spontaneous use of breathing or
mechanical ventilation, and clinical diagnosis of tension
pneumothorax affects the treatment strategy. Treatment
options include: observation, outpatient insertion of a
Heimlich valve, and inpatient tube thoracostomy (13). We
were content with just observing our patients.
Hemothorax occurs as a result of vascular injury. Arterial
puncture, venous perforation/laceration, myocardial
injury, and associated hemorrhage and hematoma
(hemopericardium, hemothorax, hemomediastinum) also
occur due to vascular injury (14). Hematoma formation has
been reported in variable manner, about 0% to 4.7% of all
catheter placements (15,16). Hematorax occurred in only
1 patient, however, hematoma appeared in a total of 7
patients in our study. Catheter placement sites may leak for
variable periods, although there is a much higher risk for
patients with hematological malignancies, coagulopathies,
thrombocytopenia, or heparin use.

Infection Rates of Catheters

A lesser known but important complication of central
venous catheter insertion is the misplacement of the tip of
the central venous catheter in a vein other than the central
vein. Misdirection has been described in the literature in
approximately 7% of thoracic central venous catheter
insertion cases and can lead to serious complications
indeed (17). Misdirection of subclavian vein catheters
increases the risks of catheter dysfunction, catheter
wedging, local venous thrombosis, erosion or perforation
of vessel walls, and cranial retrograde injection (18). A
higher incidence of malpositioning in the left thoracic
venous system compared to the right side has been
reported. As stated by Liberek at al. (19), incorrect catheter
orientation can also be seen in patients with permanent left
superior vena cava.

The right side of the circulation should be considered the
first choice for central venous catheter insertion, unless the
right side insertion sites are contraindicated. Chest pain
may be associated with infusion via a central venous
catheter that is misplaced into small branches of major
central vessels. Retrosternal pain radiating to the back by
infusion of fluid into the left internal mammary vein has
been reported in numerous case series (20). In our study,
only 6 patients had catheter malposition, 4 of them were
inserted into the jugular vein, 2 of them were placed in the
subclavian vein. In most cases, if a catheter is positioned
incorrectly, the priority should be to reposition, replace, or
remove it as soon as possible (21,22). In our patients, a
new catheter was inserted after partial retraction and
redirection of the wire guide, which could correct the
mispositioning.

Catheter related infections are the most common and
actually the most frightening complications. The incidence
of catheter-related bacteremia has been reported in most
studies from 2.5 to 5.5 episodes/1000 catheter days (23,24)
Factors for catheter related infections include previous
bacteremia attacks, advanced age, diabetes, malnutrition,
iron overload, longer catheter use, and peripheral
atherosclerosis (25). In addition, other factors specific to
hemodialysis related catheter infections include the
frequent use of catheters, contamination of dialysis
solutions, and colonization with bacteria (26). Good
catheter and exit site care with body material isolation and
prophylactic topical antibiotics reduce hemodialysis
related catheter infections (27,28). We observed that
anatomical site hygiene was more important in this region.
This is especially in overweight patients, specifically as the
duration of catheter use was increased, catheter-related
infection rates were higher, especially irrespective of the
clinic status, due to the high infection rate in the femoral
vein due to thrombosis because of the catheter. We thought
it facilitated the formation of infection. In our study, we
found that the rates of infection were higher in patient
groups in whom femoral veins were preferred compared to
other access routes and were statistically significant. While
removal of an infected catheter has long been considered
the only way to eliminate bloodstream infection, the lack
of vascular access sites in hemodialysis patients has
encouraged catheter salvage and preservation of the
vascular access site. Treatment is initiated with empirical
antibiotics usually based on the prevalence of organisms in
the dialysis unit or healthcare facility. It has been
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mentioned in several publications that early replacement
of the catheter with a guide reduces the progression of
infection in catheter-related infections (29,30).

In our study, catheter-related infection was mostly seen in
the femoral region and it was statistically significant. We
ensured the continuity of their treatment by providing a
new dialysis method with catheter replacement under
antibiotic treatment in patients with high acute phase
reactants and patients with positive blood culture. In
addition, patency rates were best in the jugular, subclavian,
and femoral region catheters, respectively.

CONCLUSION

In patients with chronic renal failure who need
hemodialysis, jugular vein catheterization seems to be the
first choice for tunneled hemodialysis catheter choice.
When infection rates and patency rates were taken into
consideration, other venous routes should be preferred in
the presence of infection and catheter incompatibility at
jugular site.
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