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Risk Factors Associated with
Dysfunction of Permanent Tunneled
Cuffed Hemodialysis Catheters;
Single Center Experience
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Hospital Department of Radiology, ABSTRACT

Istanbul, Turkey Purpose: Permanent tunneled cuffed catheters are frequently preferred for hemodialysis in patients with chronic renal failure (CRF), but

the factors associated with the dysfunction of these catheters are not well known. Our goal is to investigate these risk factors.

Materials and Methods: All cases with a diagnosis of CRF and a permanent tunneled cuffed catheter inserted into the central vein
for the first time in our radiology clinic between 2014 and 2019 and who developed catheter dysfunction were included in the study.
Demographic and clinical data of the cases were obtained from file records. The relationship between the causes of catheter dysfunction
and the presence of diabetes and hypertension was investigated.

Isil YILDIZ, Dr. OQr. Uyesi Results: Of the total 123 cases, 78 (63.4%) were male, 45 (36.6%) were female, the median age was 55 (28-78). Twenty-nine (23.6%)
of the cases had thrombosis, 72 (58.5%) had venous stenosis and 22 (17.9%) had catheter dysfunction due to fibrin sheath. Dysfunction
groups were compared with each other in terms of age, gender, duration of operation of the catheter, CRF etiology, comorbid diseases,
the vein where the catheter was placed and the use of anticoagulants. The most important cause of catheter dysfunction in the early
period was thrombosis (p = 0.003). When the causes of dysfunction were examined, the most common causes of dysfunction were
venous stenosis in patients with hypertension, thrombosis in patients with diabetes as a concomitant disease without diabetes in the
etiology of CRF, and thrombosis in patients with diabetes in CRF etiology (p <0.001). In addition, it was found that catheter dysfunction
due to thrombosis developed less in patients using anticoagulants (p <0.001). There was no statistically significant difference between
the groups in terms of other parameters (p> 0.05).

Conclusion: The use of low-dose anticoagulants plays a protective role against thrombosis. The use of low-dose anticoagulants in
patients without contraindications, especially in diabetic patients, may reduce especially early catheter dysfunction.

Keywords: Fibrin, hemodialysis, permanent tunneled cuffed hemodialysis catheter, stenosis, thrombosis

Kalia Tiinelli Hemodiyaliz Kateter Disfonksiyonu ile iliskili Risk Faktorleri; Tek Merkez Deneyimi
OZET

Amag: Kronik bobrek yetmezligi (KBY) olan hastalarda hemodiyaliz icin kaliai tiinelli kafli kateterler sik tercih edilmektedir, ancak bu
kateterlerin disfonksiyonu ile iliskili risk faktorleri yeterince bilinmemektedir. Amacimiz bu risk faktdrlerini arastirmak.

Geregve Yontem: Calismaya, KBY tanistile 2014-2019 yillan arasinda hastanemiz Radyoloji kliniginde, santral vene ilk defa kalici tiinelli
kateter yerlestirilmis ve izlemde kateter disfonksiyonu gelismis tiim hastalar dahil edildi. Hastalarin demografik ve klinik verileri dosya
kayrtlarindan elde edildi. Kateter disfonksiyon nedenleri ile diyabet ve hipertansiyon varligi arasindaki iliski karsilastinid.

Bulgular: Toplam 123 hastanin 63'ii (%63,4) erkek ve medyan yas 55 (28-78) yil saptandi. Hastalarin 29'unda (%23,6) tromboz,
Correspondence: Isil Yildiz 72'sinde (%58,5) vendz stenoz ve 22'sinde (%717,9) fibrin kilifina bagl kateter disfonksiyonu gelisti. Disfonksiyon gruplari birbiriyle yas,
Acibadem University Atakent Hospital cinsiyet, kateterin calisma siiresi, KBY etiyolojisi, komorbid hastaliklar, kateterin yerlestirildigi ven ve antikoagiilan kullanimi agisindan
karstlastinldi. Tromboz erken ddenemde gelisen disfonksiyonun en dnemli nedeni idi. Hipertansiyonu olan hastalarda en dnemli
disfonksiyon nedeninin venoz stenoz, KBY etiyolojisinde diyabeti olanlarda ve KBY'ne eglik eden diyabeti olanlarda ise en 6nemli tromboz
Phone: +905323560244 nedeninin tromboz oldugu gdriildii (p<0,001). Ayrica antikoagiilan kullanan hastalarda tromboza bagli kateter disfonksiyonu daha nadir
E-mail: drisilyildiz@gmail.com gelistigi saptandi (p<0,001). Diger parametreler agisindan gruplar arasinda istatistiksel fark saptanmadi (p>0,05).
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Sonug: Diyabet ve hipertansiyon kateter disfonksiyonu iin risk faktoriiyken, diisiik doz antikoagiilan kullanimi tromboza karsi koruyucu
rol oynamaktadir. Tansiyon ve diyabet kontrol altinda tutularak, kontrendikasyonu olmayan hastalara diisiik doz antikoagiilan verilerek
kateter disfonksiyonu azaltilabilir.

Anahtar kelimeler: fibrin, kalici tiinelli hemodiyaliz kateteri, stenoz, tromboz
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Dysfunction of Permanent Hemodialysis Catheters

or patients with chronic renal failure (CRF), arteri-

ovenous fistulas or arteriovenous grafts are pre-

ferred for long-term hemodialysis due to the low
possibility of infection and high possibilty of long-term
use . However, hemodialysis with a permanent tunnel cuf-
fed catheter is recommended for elderly patients who are
in the process of arteriovenous fistula and arteriovenous
graft maturation, are waiting for renal transplantation,
and have high risk associated with diabetes and cardio-
vascular diseases (1, 2). In addition, permanent tunne-
led cuffed catheters are preferred if arteriovenous fistula
may cause an increase in the symptoms of underlying
heart diseases or respiratory failure (3, 4). According to
the Kidney Disease Outcomes Quality Initiative, if a tem-
porary catheter is required for more than 3 weeks, if an
arteriovenous fistula cannot be opened and life expec-
tancy is short, a permanent tunnel cuffed catheter is re-
commended (5). Although tunneled cuffed catheters can
be placed in many central veins, the internal jugular vein
is most frequently preferred (6). Tunneled cuffed hemodi-
alysis catheters have advantages such as easy placement,
low damage to the vascular endothelium due to their soft
structure, and low cause for intravascular coagulation,
but it is known that various problems such as thrombo-
sis, infection, fibrin sheath formation and central venous
stenosis develop due to these catheters (2). Numerous
studies have reported that the morbidity and mortality of
hemodialysis patients that are associated with the central
venous route used for hemodialysis, but few studies have
reported risk factors associated with permanent tunneled
hemodialysis catheter dysfunction. In this study, the rela-
tionship between the cause of catheter dysfunction and
the presence of CRF, diabetes, and hypertension in CRF
patients with a permanent tunneled cuffed hemodialysis
catheter was investigated.

Materials and Methods

This study was conducted cross-sectionally and retros-
pectively. A retrospective analysis of 513 cases with a di-
agnosis of CRF and in whom a permanent tunneled cuffed
hemodialysis catheter was placed in the interventional
radiology clinic of our hospital between 2014 and 2019.
Cases with catheter dysfunction during follow-up were
included in the study. Cases with the same central vein
previously catheterized with a permanent or temporary
catheter were not included in the study.

Digital records of a total of 123 cases who met the inc-
lusion criteria were examined, some of the patients were
contacted by phone and information was obtained. Age,

gender, follow-up time, duration of catheter operation,
comorbid diseases, CRF etiology, use of anticoagulants
unrelated to catheter use and causes of catheter dysfunc-
tion were recorded.

The relationship between the causes of catheter dysfunc-
tion and possible risk factors for catheter dysfunction was
examined.

A hemodialysis catheter was placed in all cases inclu-
ded in the study by the same interventional radiologist.
Central veins were evaluated with gray scale and duplex
ultrasound before catheterization. After the necessary
sterilization was provided, local anesthesia (2% lidocaine)
was applied to the procedure area. The jugular vein was
catheterized using the modified Seldinger technique. The
length of the tunnel that needs to be formed was determi-
ned by making necessary measurements for each patient.
Following local anesthesia, the catheter tunnel was ope-
ned over the pectoral fascia. The tunneled cuffed catheter
can be advanced into the central vein through the peel
away sheath. The tunneled cuffed catheter was positio-
ned so that its distal tip remained distal to the superior
vena cava.

A 14.5 French carbothane permanent tunnel cuffed he-
modialysis catheter (Covidien, Mansfield, MA, USA) was
used in all cases. A 24 cm long catheter was inserted thro-
ugh the right jugular vein and a 28 cm long catheter was
inserted through the left jugular vein.

If the hemodialysis blood pump rate is lower than 300 mL
/ min, it was considered as catheter dysfunction (7). All of
the catheters with dysfunction were evaluated angiog-
raphically by injection of contrast media.

SPSS 26.0 and Modeler 18.1 (IBM Corporation, Armonk,
New York, United States) programs were used in the analy-
sis of variables. The conformity of univariate data to nor-
mal distribution was evaluated by Kolmogorov-Smirnov
test and Shapiro-Wilk francia test, while variance homo-
geneity was evaluated with Levene test. Quantitative va-
riables are mean + SD in tables. (standard deviation) and
Median (Percentile 25% / Percentile 75%), while categori-
cal variables were shown as n (%). Variables were analyzed
at a 95% confidence level and a p value of less than 0.05
was considered significant.
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Results

Of the total 123 cases, 78 (63.4%) were male, 45 (36.6%)
were female, and the median age was 55 (28-78) years.
The mean follow-up period was 24.5 + 5.6 months, and
the mean working time of the permanent tunnel cuffed
catheter was 16.7 = 12.0 months. The right jugular vein
was used for access in 86 (69.9%) of the cases, and the left
jugular vein in 37 (30.1%). During follow-up thrombosis
developed in 29 (23.6%) of the cases, central venous ste-
nosis in 72 (58.5%), and catheter dysfunction due to fibrin
sheath in 22 (17.9%). Diabetes in 20 (16.3%), hypertension
in 12 (9.8%), both diseases in 6 (4.9%), and chronic polyc-
ystic kidney disease in 26 (21.1%) patients. Etiology of 59
(48%) patients could not be determined. 35 (28.5%) of the
cases had diabetes, 43 (35%) had hypertension, and 38
(30.9%) had both comorbid diseases. The Mann Whitney
u Test was tested using Monte Carlo simulation results in
the comparison of thrombosis, stenosis, and fibrin sheath
groups individually and without group discrimination
according to gender and duration of catheter occlusion
variables (Table 1).

Table 1. Demographic datas.

Age (years)* 55 (28-78)
Gender, n (%)

Male 78 (%63,4)
Female 45 (36,6)
Follow-up period (months)** 24,5+5,6
Patency (months)** 16,7+12,0
CRF Etiology, n(%)

Diabetes 20(16,3)
Hypertension 12(9,8)
Hypertension and diabetes 6(4,9)
Polycystic kidney disease 26 (21,1)
Unknown 59 (48)
Comorbidities, n (%)

Diabetes 35(28,5)
Hypertension 43 (35)
Hypertension and diabetes 38 (30,9)
No comorbidity 7(57)
Access vein n(%)

Right jugular vein 86 (69,9)
Left jugular vein 37(30,1)
On anticogulants , n(%) 100 (81,3)
Cause of catheter dysfuction, n(%)

Thrombosis 29 (23,6)
Stenosis 72 (58,5)
Fibrin sheath 22(17,9)
* Median (min-max), ** Mean =+ Standard deviation, CRF: Chronic renal failure

The median value of the patency of the catheters in di-
abetic patients was 15 months and 16 months in hyper-
tensive patients. The median value of catheter patency in
patients with diabetes and hypertension was 9 months.
The median values of patency in patients with only dia-
betes or hypertension were statistically significantly hig-
her than the median value of catheter patency in patients
with both diabetes and hypertension (p =0.020, p=0.019,
respectively). There was no statistically significant diffe-
rence between the median values of patency of catheters
in diabetic patients (15 months) and the median values
of patency of catheters in patients with hypertension (16
months) (p = 0.901). The Kruskal-Wallis H Test was used
with Monte Carlo simulation technique results for the
comparison of thrombosis, stenosis and fibrin sheath gro-
ups according to comorbid diseases and occlusion time
variables separately and without group discrimination,
and Dunn’s Test was used for Post Hoc analyzes (Table 2).

No significant difference was found between the patency
of the catheters between men and women (P = 0.062). No
statistically significant difference was found between the
patency of the permanent cuffed tunnel catheters inser-
ted with the right jugular vein access and the permanent
cuffed tunnel catheters inserted with the left jugular vein
access (p = 0.234). Pearson Chi-Square test was used to
compare thrombosis, stenosis, and fibrin sheath groups
according to gender and categorical variables of the cat-
heter placed vein.

Each case group that developed thrombosis, stenosis and
catheter dysfunction due to fibrin sheath was compared
with the other case groups in terms of age, gender, CRF
etiology, comorbid diseases, the vein in which the cathe-
ter was placed, and the use of anticoagulants. It was fo-
und that catheter dysfunction in the early period mostly
developed due to thrombosis (p = 0.003). It was determi-
ned that the most important cause of catheter dysfunc-
tion was thrombosis in patients with comorbid diabetes,
and central vein stenosis was the most important cause
of dysfunction in patients with hypertension (p <0.001). It
was found that catheter thrombosis developed more fre-
quently in patients whose chronic renal failure etiology is
diabetes when compared with both central venous steno-
sis and fibrin sheath groups (p <0.001). In addition, it was
found that catheter dysfunction due to thrombosis was
less common in patients using anticoagulants (p <0.001).
There was no statistical difference between the groups in
terms of other parameters (p> 0.05) (Table 3).
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Table 2. Comparison of catheter patency

Thrombosis Stenosis Fibrin sheath Total
n | Median@1/Q3) | n [ Median @1/03) [ n | Median@1/03) | n [ Median@i/03)

Gender
Female 7 10(5/28) 31 18(8/21) 7 20(9/32) 45 18(8/21)
Male 22 8(4/14) 41 14(10/18) 15 21(12/33) 78 13(8/21)
P value 0.243 ¢ 0.394¢ 0.581" 0.236 ¢
Access Vein
Right jugular vein 18 8.5(4/15) 51 15(9/19) 17 21(13/32) 86 14.5(9/21)
Left jugular vein 11 8(5/15) 21 16 (9/22) 5 20(12/21) 37 12(8/21)
P value 0.992¢ 0.944 ¢ 0.406 ¢ 0.550¢
Comorbidities
Diabetes (A) 12 9.5(7/14) 15 18(12/23) 8 22.5(18.5/29) 35 15(9/23)
Hypertension (B) 5 15(11/36) 33 16(10/19) 5 16 (13/22) 43 16 (10/21)
DM+HT (@) 12 45(3/13) 22 11.5(8/18) 4 9.5(7/21.5) 38 9(6/18)
P value 0.062* 0.234 fv 0421 0.026

A->B ns. ns. ns. 0.901
Pairwise comparation A->C ns. ns. ns. 0.020

B->C ns. ns. ns. 0.019
Y Mann Whitney u test (Monte Carlo), ** Kruskal Wallis Test (Monte Carlo); Post Hoc Test : Dunn’s Test, Q1: Percentile 25, Q3: Percentile 75

Table 3. Relationship of catheter dysfunction with clinical and demographic characteristics.

Thrombosis, Stenosis, Fibrin sheath
n=29 n=72 n=22 o

Gender, n(%)
Male 22(75,9) 41 (56,9) 15 (68,2)
Female 7(24,1) 31(43,1) 7(31,8) 0193
Age** 54,7+11,6 55,1+11,1 52,4+9,7 0,575
Patency* 8(5-15) 15(9-19,5)° 20,5(12-32) 2 0,003
Comorbidities, n(%)
Diabetes+ hypertension 12 (41,4) 22 (30,6) 4(18,2)
Hypertension 5(17,2) 33(45,8) 5(22,7)
Diabetes 12 (41,4)° 15(20,8) 8(36,4) <0001
No Comorbidities 0(0,0) 2(2,8) 5(22,7)®
Etiology of CRF, n(%)
Others 4(13,8) 41(56,9) 2 14 (63,6) 2
Hypertension 4(13,8) 7(9,7) 0(0,0)
Diabetes 11 (37,9) 7(9.7) 0(0,0) <0,001
Diabetes+ hypertension 7(24,1)" 1(1,4) 1(4,5)
Polycystic kidney 3(10,3) 16 (22,2) 7 (31,8)
Access vein, n(%)
Right jugular vein 68 (62,1) 51(70,8) 17 (77,3)
Left jugular vein 11 (37,9 21(29,2) 5(22,7) 0519
Anticoagulan, n(%) 7(24,1) 71 (98,6)2 22(100,0)2 <0,001
* Median (min-max), ** Mean * Standard deviation, CRF: Chronic renal failure, a Significant compared to thrombosis group, b Significant compared to the stenosis
group, ¢ Significant compared to the fibrin sheath group.
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One-Way Anova (Robust Test: Brown-Forsythe) test, one
of the parametric methods, was used to compare throm-
bosis, stenosis and fibrin sheath groups with each other
according to their age, while the Kruskal-Wallis H Test, one
of the nonparametric tests, was used with the results of
the Monte Carlo simulation technique, and the Post Hoc
analysis.

In our study, we found that early catheter dysfunction was
associated with the presence of diabetes in the etiology
of CRF, and the presence of diabetes and hypertension
among comorbid diseases in patients with permanent
tunneled cuffed catheters for hemodialysis. The most im-
portant cause of catheter dysfunction in the early period
was thrombosis and it was found that thrombosis-related
catheter dysfunction developed less frequently in pati-
ents using low-dose anticoagulants. In the comparison
of comorbid disease, CRF etiology, and anticoagulant use
according to categorical variables, the Fisher-Freeman-
Holton test was tested using the Monte Carlo Simulation
technique, and the column ratios for significant variables
were compared with each other and expressed according
to the Benjamini-Hochberg corrected p value results.

In order to predict the causes of catheter dysfunction, va-
riables that are significant in Table 2 (Anticoagulant use,
catheter working time, comorbid diseases and CRF etio-
logy.) were included in the independent model in Neural
Network (Multilayer Perceptron) analysis. According to
this model, the rate of accurately predicting thrombosis
was 86.2%, stenosis 90.3%, fibrin sheath 40.9%, and ove-
rall correct prediction rate 80.5%. The significance rates
of the variables were determined as 100% anticoagulant
use, 61.6% catheter working time, 49.2% comorbid disea-
ses and 40.8% renal disease etiology, respectively.

Discussion

Various risk factors associated with tunneled cuffed cat-
heter dysfunction have been reported in the literature (8).
One of these risk factors is related to the central vein whe-
re the catheter will be placed through. In many studies,
it has been reported that jugular vein catheters remain
patent longer than other central veins (9). In the study
of Engstrom B, et al. (10), it was reported that catheters
which has access from right jugular vein were patent lon-
ger than the left jugular vein catheters. In our study, the
catheter was used in all cases with right or left jugular
vein access. Unlike the literature, there was no significant
difference between the type of catheter dysfunction and
the patency. We think that the reason for this is that the

follow-up periods in our study were shorter compared
to these studies. In the study of Shingarey, et al. (11) it
was reported that only 34% of tunnel cuffed catheters has
central vein access for the first time worked at the end of
the first year ShiM, et al. (12) reported that 82% of the cat-
heters which have central venous access were patent for 1
year and the median patency was 45 months. In another
similar study, it was reported that 74.5% of the catheters
were patent end of the first (13). In our study, similar to the
literature, 56% of the catheters were patent at the end of
the first year and the average patency was 16.7 months.

In the study of Shi M et al (12), 6.9% of the cases with tun-
neled cuffed catheter dysfunction was caused by infecti-
on, 51.7% by thrombus formation, 27.6% by central vein
stenosis, and 13.8% by fibrin sheath. In the study of Ponce
D, et al. (14), it was reported that dysfunction developed
mostly due to thrombosis at a rate of 45%. Unlike the lite-
rature, central venous stenosis was the most common ca-
use of catheter dysfunction (58.5%) in our study. We think
that dysfunction due to thrombosis developed less beca-
use most of our patients used low-dose anticoagulants for
various reasons. In the literature, conflicting results have
been reported about the relationship between the pre-
sence of polycystic kidney disease in advanced age, gen-
der and CRF etiology and the development of catheter
dysfunction (15). In the study of Shi M, et al. (12) advanced
age was reported to be a risk factor for catheter dysfuncti-
on. In the study of Szarnecka-Sojda A, et al. (16) it was re-
ported that there was a relationship between gender and
catheter dysfunction. In the study of Fox J, etal. (17), it was
reported that there was a relationship between polycystic
kidney disease and catheter dysfunction. In our study, no
relationship was found between the development of cat-
heter dysfunction and the presence of polycystic kidney
disease in advanced age, gender and CRF etiology. This
may be due to the relatively short follow-up time of our
study. In the study of Valliant AM, et al. (18) diabetes was
reported to be a risk factor for catheter dysfunction. In
another study uncontrolled diabetes was reported to be a
risk factor for catheter thrombosis (19). In our study, it was
determined that the presence of diabetes in the etiology
of CRF or as a comorbid disease is a risk factor for cathe-
ter thrombosis, similar to the literature. In addition, it was
determined that catheter dysfunction due to thrombosis
developed in the early period compared to other causes
of dysfunction. In other words, diabetes was found to be a
risk factor for early dysfunction.
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Studies have reported that stenosis developed in cathe-
terized central veins due to trauma (20). In addition, it has
been reported that central vein stenosis is mostly seen in
patients who are catheterized for short-term hemodialy-
sis (21). In our study, hypertension was determined as a
risk factor for early catheter dysfunction due to central ve-
nous stenosis. The reason for this has been interpreted as
hypertension increases vascular trauma possibility. Similar
to the literature, in our study, contrast-enhanced angiog-
raphic evaluation was performed in all cases with cathe-
ter dysfunction, and it was found that 17.9% of the cases
developed catheter dysfunction due to the fibrin sheath.
Studies have reported that the use of low-dose aspirin
and warfarin reduces catheter thrombosis (23). In a study,
it was reported that low-dose warfarin use decreased the
frequency of thrombosis from 38% to 10% in patients with
central venous catheter receiving chemotherapy (24). In
our study, it was found that catheter dysfunction due to
thrombosis was less common in patients using low-dose
anticoagulants in accordance with the literature. The first
limitation of our study is that it is a retrospective study,
and the second limitation is that we could not give the
results of different applications because catheterization
was performed by the same interventional radiologist in
a single center. We believe that these limitations of our
study will not change the results we found.

Conclusion

While diabetes and hypertension are risk factors for tun-
neled cuffed catheter dysfunction, the use of low-dose
anticoagulants plays a protective role in catheter throm-
bosis. Among patients who are catheterized with tunne-
led cuffed catheters, the use of low-dose anticoagulants
may be effective in preventing thrombosis and early
dysfunction in patients with no contraindications.
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