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ABSTRACT

Objectives: This study aims to report long-term follow-up results including catheter patency and catheter dysfunction in patients with
tunneled dialysis catheters (TDCs) during the treatment phase.

Patients and methods: Medical records of a total of 90 patients (54 males, 36 females; mean age 59.9+19 years; range, 19 to 89 years) with a
combined total of 103 TDCs inserted by a single cardiovascular surgeon at our institution between January 2014 and December 2017 were
reviewed retrospectively. Data including age, gender, duration of hospital stay, catheter patency, complications, and mortality were recorded.
The patients were divided into two groups according to age: <60 years (n=41) and 260 years (n=49).

Results: Technical success was achieved without any procedural complications and hemodialysis was initiated following the catheter
placement in all patients. The mean duration of catheter use was 729.6+58.4 (range, 20 to 1,100) days. Of all patients, 18 (20%) died within
one year following the procedure. A total of 28 TDCs (24.77%) were electively removed, as these patients gained other types of permanent
access. One of them underwent a kidney transplant. Catheter-related complications were observed in 24 patients (21.23%) and TDCs of
13 patients were replaced. Twelve complications (10.61%) were related to catheter dysfunction, and the remaining 12 were due to catheter-
related infections (CRIs). Ten of the patients with CRIs were treated successfully, while the remaining two died. No significant correlation
was found between the catheter patency, catheter-related complications, and baseline characteristics of the patients, except for age. Younger
age was a predictor of poor catheter patency (p=0.040). Fifty six patients (62%) who were discharged on the day of their catheter placement
had significantly fewer complications than the hospitalized patients (p=0.011).

Conclusion: The prevention of TDC-related complications requires a careful insertion technique and extensive surgical experience. The
TDC patency and reducing the number of complications are also closely associated with early discharge and the age of patient.

Keywords: Catheter patency, catheter-related complication, catheter-related infection, long-term follow-up, surgical experience, tunneled dialysis catheter.

The number of patients with end-stage renal
disease (ESRD) has been currently increasing
worldwide.! This increase has also increased the
unmet need for permanent vascular access procedures
for these patients. Permanent vascular access is
provided by a tunneled (cuffed) dialysis catheter
(TDC), when no appropriate vessels are accessible
for an arteriovenous fistula (AVF) or arteriovenous
graft (AVG).! The TDCs can be placed by surgeons,

interventional radiologists, or nephrologists. The use

of TDCs often leads to increased complications and
mortality.”) The internal jugular veins (IJVs), external
jugular veins, femoral veins, subclavian veins (SCVs),
and transhepatic accesses and translumbar accesses to
the inferior vena cava can be selected for the placement
of a TDC.B! The right IJV is the most preferred
vascular access site for TDCs due to its technically
simple accessibility and its unhindered, straight
passage to the right atrium according to The National
Kidney Foundation Kidney Disease Outcomes Quality
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Initiative (NKF KDOQI).® Of note, a femoral access
for a TDC is not preferred due to the increased risk
of infection and occlusion. The SCV is also less
preferred for placing a TDC, as it is associated with an
increased risk of venous stenosis.”!

In general, TDCs are applied according to the
modified Seldinger method and the use of portable
high-resolution real-time ultrasound devices
percutaneously.l) Procedural and late complications
are two forms of TDC complications. The use of
real-time ultrasound-guided cannulation decreases
the risk of procedural complications, such as
arterial puncture, pneumothorax, hemothorax, and
misplacement.”) Infections and catheter dysfunction
are the most common examples of late complications
which may lead to catheter removal, if they are not
successfully treated.®) Catheter dysfunction develops
due to a catheter lumen thrombus, fibrin sheath
formation, catheter migration, or stenosis of the
involved vein, unless an extracorporeal blood flow of
300 mL/min is achieved."

Catheter lumen thrombosis is the most common
cause of catheter dysfunction with a high incidence up
to 46%.% The most common cause of hospitalization
after TDC catheterization is catheter-related infections
(CRIs), which can occur in two ways: through the
lumen or around the catheter.'’!) Catheter-related
infections are seen in about one-fifth of patients.!01%
The most significant risk factor for a CRI is the
duration that the catheter is used.” Localization of the
catheter, immunosuppression, and diabetes mellitus
(DM) are also considered to be other risk factors
for CRILP! Catheter-related bacteremia (CRB) is
associated with positive blood cultures in patients
with signs and symptoms of bacteremia.l'” Finding
of a positive catheter culture, if available, with the
same organism as seen on a blood culture supports
the diagnosis of CRB. Catheter dysfunction, CRB
(despite appropriate antibiotic treatment for at least
two days, hemodynamic instability, and evidence of
metastatic infections are common reasons that TDCs
are removed.

In the present study, we aimed to present our
long-term results and complications of TDCs placed
by a single cardiovascular surgeon at our institution.

PATIENTS AND METHODS

Medical records of a total of 90 patients (54
males, 36 females; mean age 59.9+19 years; range,
19 to 89 years) with a combined total of 103 TDCs
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inserted by a single cardiovascular surgeon at
Istanbul Medeniyet University, Goztepe Training
and Research Hospital between January 2014 and
December 2017 were reviewed retrospectively. Only
those who received a TDC for hemodialysis by our
department and patients aged 218 years were included
in this study. Those who received TDC:s for a purpose
other than hemodialysis and those in whom TDCs
were placed by other departments were excluded.
A written informed consent was obtained from each
patient. The study protocol was approved by Istanbul
Medeniyet University, Goztepe Training and Research
Hospital Ethics Committee (2018/0084). The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Data including age, gender, duration of hospital
stay, catheter patency, complications, and mortality
were recorded. In addition, whether the patients were
discharged on the placement day was evaluated. One
hundred and three TDCs were placed through the
right IJV (n=84), left IJV (n=15), and femoral vein
(n=4). Twenty-eight of these patients were waiting
for AVF maturation and 62 of these patients did not
have an appropriate vessel for access. All patients were
divided into two groups according to age: <60 years
(n=41) and 260 years (n=49).

Tunneled dialysis catheter placement technique

All TDCs were placed percutaneously under
sterile conditions by a single cardiovascular surgeon
under real-time ultrasound (SonoScape 5S40 Color
Doppler Ultrasound System, Guangdong, China) in
an operating room. Local anesthesia was applied to
all patients. Double-lumen permanent hemodialysis
catheters (Permcath™, Covidien, Mansfield,
Massachusetts, USA) made of a soft silicone material
with a length of 19 ¢m for the right IJV, 23 to 28 cm
for the left IJV, and 28 cm for the femoral vein were
preferred. The TDCs were tunneled subcutaneously at
least 10-cm from the vein entry site to reduce the risk
of bacteremia. Each TDC was controlled with its tip in
the superior vena cava under fluoroscopy. No antibiotic
prophylaxis was applied before the procedures.

Definitions

Technical success was defined as the patient
having at least one hemodialysis session without
any procedural complications.”) Catheter dysfunction
was defined as when a patient’s blood flow rate was
under 300 mL/min."¥ Catheter exit site infection
was defined as when pericatheter erythema and/or
purulent drainage <2-cm away from the catheter exit
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site. without positive blood cultures occurred.!?
A tunnel infection was defined as when erythema
and purulent drainage occurred >2-cm away from
the catheter exit site without positive blood cultures.
Catheter-related bacteremia was defined as when
systemic signs and symptoms of infection, such as
fever or chills, in combination with positive blood
cultures, were observed. Catheter patency (catheter
survival) was the amount of time between the TDC
placement and the TDC removal due to death,
complications, or lack of need.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 23.0 software (IBM Corp., Armonk, NY,
USA) and Wizard Pro 1.9.19 for MacOS (°2008-2017
Evan Miller). Descriptive statistics were expressed in
mean * standard deviation (SD), range (min-max), or
number and frequency. Quantitative data were analyzed
using the Kolmogorov-Smirnov test for normality
assumption, and skewness and kurtosis values of
distribution were calculated. Differences between the
right and left measurements were compared using the
paired samples t-test. A 95% confidence interval (CI)
was used. The relationship between age and ratio
was investigated using the Spearman rank correlation
analysis. The independent samples t-test was used to
compare the sexes in terms of ratio. Catheter patency
was calculated using the Kaplan-Meier method. After
age categorization, Cox regression modelling and the
log-rank test were used to evaluate age groups and
gender differences in terms of catheter patency. A p
value of <0.05 was considered statistically significant.

RESULTS

Baseline demographic and clinical characteristics
of the patients are summarized in Table 1. Thirty-four
patients (37.7%) were hospitalized and 56 patients

Table 1. Baseline characteristics of patients (n=90)

Characteristics n % MeanzSD
Age (year) 59.9+19
Gender

Male 54 60
Insertion site

Right IJV catheters 84 74.33

Left IJV catheters 15 13.27

Subclavian catheters 0 0

Femoral catheters 4 3.53
Discharged 56 62.2
Hospitalized patient 34 317
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(62.2%) were discharged on the day of placement. No
procedural complications, such as pneumothorax or
air embolism, were observed in any of the patients.
The outcomes of the TDCs during follow-up are
summarized in Table 2.

Seventy-seven patients (85.55%) were given one
TDC, and 13 patients (14.4%) were given two TDCs.
Overall, the TDCs of 28 patients (31.11%) were
removed, as these patients gained other types/sites
of permanent access. Of these, one patient received
a kidney transplant. Catheter-related complications
were observed in 24 of the patients under two main
headings: catheter dysfunction and CRI. Catheter
dysfunction was found in 12 of these 24 patients
(13.33%), and the TDCs of five of them were
exchanged over a guidewire with the creation of a new
tunnel. Twelve patients with complications had CRIs.
Of these patients, CRB, with a positive blood culture
rate, was reported in eight (8.88%). In these patients,
the causative microbiological agents were methicillin-
sensitive staphylococcus aureus (MSSA), methicillin-
resistant  staphylococcus aureus (MRSA), klebsiella
pneumoniae, staphylococcus hominis, enterococcus spp.,
and pseudomonas spp.

Overall, 18 patients (20%) died within one year, two
of whom (11.11%) due to CRIs. Of the total number
of TDCs, 19.41% were removed due to catheter-related
complications. Fifty-six patients were discharged on
the day of catheter placement, and these patients
experienced significantly fewer complications than the
hospitalized patients (p=0.011). The mean duration of
catheter use was 729.6+58.4 (range, 20 to 1,100) days
(Figure 1). The patients under 60 years of age (n=41)
had a mean catheter patency of 875.6£66.9 days, and
the patients over 60 (n=49) had a mean catheter patency
of 613.2+80.7 days. Gender was not a significant factor

Table 2. Qutcomes of TDCs during follow-up (n=103)

Catheter status n %
Functioning catheter 38 36.89
Functioning catheter with no complication 20 1941
Functioning catheter at death 18 1747
Elective removal 28 27.18
Transplanted 1 0.97
Removed due to all complication 24 23.3
Removed due to catheter infection 12 11.65
Exit-site infection 2 1.94
Tunnel infection 2 1.94
Bacteremia 8 1.6
Removed due to catheter thrombosis 12 11.65

SD: Standard deviation; IJV: Internal jugular vein.

TDC: Tunneled (cuffed) dialysis catheter.



Patency and complications of patients with tunneled dialysis catheters

1.0 “g‘z\
0.8
Wln—o—q_H_

= _H]—o—o-
<
; 08 _._LH—O—
2
£
=
E 04
3

0.2

0.0

0.00 200.00 400.00 600.00 800.00 1000.00  1200.00
Catheter usage time
— Survival function  —+— Censored

Figure 1. The mean time of catheter use.

among the patients with catheter-related complications
and poor catheter patency (p=0.382). However, catheter
patency was significantly related to the patient age

(p=0.040) (Figure 2).

DISCUSSION

Despite high complication and mortality rates,
TDC placement still remains an effective option for
vascular access in patients with ESRD. Patients with
hemodialysis catheters dissatisfy with living with
these catheters, although they cannot survive without
them." Coentrao et al.'®) reported that the one-year
survival rate of patients with TDCs was lower than
other types of vascular access. The present study was
unable to evaluate survival rate in other hemodialysis
patients; however, it exhibited a mortality rate up to
20%. Thus, we cannot conclude that it is the highest
rate, while it is not low.

In our study, late complications were observed;
however, we found no procedural complications such
as arterial puncture, pneumothorax, hemothorax,
or misplacement during the catheter placement.
Therefore, we conclude that surgical experience of
physicians and ultrasound guidance significantly
reduced the number of procedural complications, as
Bagul et al.”! reported. In addition, in our study, no
infection problems emerged regarding the catheter
placement technique, as all CRIs occurred long after
the time of insertion. In general, it is thought that
the TDC is cuffed to provide a physical barrier to
infection; however, the infection rate is still quite

high. Overall, although it is considered that TDC
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Figure 2. The catheter patency relationship with patient age (p=0.040).

has a cuffed to provide physical barriers to infection,
infection rate is not very low. Infections following the
long-term use of a catheter are usually seen in 19% of
patients; 7% are considered local infections, and 12%
are considered CRB.[" In their study, Maki et al.l!®!
reported that the incidence of CRB varied between
0.1 and 22.5%. In our study, CRIs were observed
in only 12 patients (13.3% of the total number of
patients and 11.6% of the total number of TDCs),
and we found an 8.8% incidence of CRB which is
significantly lower than those reported in previous
studies.

Furthermore, DM has been shown to be
associated with catheter-related complications in the
literature.”'”) However, clinical databases containing
hospital records do not include whether patients have
diabetes; thus, DM was not taken into consideration in
our study. However, it is noteworthy to mention that
several studies have shown that DM is not associated
with catheter-related complications.'®! Although TDC
removal rates ranging from 321 to 39.6%2% have
been reported due to catheter-related complications,
in our study, 19.41% of TDCs were removed, which is
significantly lower than the literature.

Considering the duration of catheter use, Shingarev
et al.”! reported a mean of 202 days, Fry et al.l”
reported a mean of 506 days, and Golebiowski et al.??
reported a mean of 354x422 days. In our study, the
mean duration of catheter use was 729.6+58.4 days,
which is significantly higher than the literature. There
can be several reasons for our favorable finding related
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to functioning duration of TDCs. One reason could
be that the majority of our patients were discharged on
the day of catheter placement and these patients had
significantly less complications than the hospitalized
patients (p=0.011). According to a previous study
(Salonen and Saha, 2014),%3) however, the patients
who were discharged on the day of catheter placement
had similar outcomes to the hospitalized patients.
Fry et al.'! also reported that age, sex, and specialty
of physician (surgeon or clinician) did not significantly
affect the catheter patency. In another study,
Lund et al.?”) compared the outcomes of TDCs which
were placed by interventional radiologists with those
placed by surgeons, and obtained similar outcomes.
Therefore, the reason for higher values in our study
may be due to the placement of the TDCs which was
performed by a cardiovascular surgeon. Surgeons are
familiar with all the precautions that must be taken
for surgical skin preparation in the operating room
and, particularly, cardiovascular surgeons are the most
likely to be experienced on how to place a TDC into
any vein. Nonetheless, based on our study results, it
is surprising that patients over 60 years of age were
associated with significantly higher catheter patency.
Kocaaslan et al.?¥ reported that elderly patients who
developed AVFs also had a high patency rate, although
we expected to find that advanced age would be
associated with lower patency.

The retrospective nature and single-center design
are the main limitations to the present study. Although
it is not easy to compare the results of different
institutions due to differences in placement techniques,
types of catheters used, and patient characteristics, we
believe that experienced physicians are associated with
improved patient outcomes.

In conclusion, the placement of TDCs in patients
should be considered the last resort; however, with the
increased use of TDCs and experience, the number
of catheter-related complications can be expected
to decrease. The prevention of catheter-related
complications requires a careful insertion technique
and extensive surgical experience. The TDC patency
and reducing the number of complications are also
closely related to early discharge and the age of patient.
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