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Abstract

Background: Non-tunneled and Tunneled Hemodialysis Catheters are used for prompt renal
replacement therapy via vascular access.

Objectives: To estimate the complications of tunnelled haemodialysis catheters and non-tunnelled
catheters and compare the outcome of them.

Patients and methods: A total of 50 patients undergoing renal dialysis were enrolled and divided
into two groups based on the type of the dialysis catheter. Group 1 (25 patients) included patients
managed with non-tunneled catheters (NTCs), while group II (25 patients) included patients
managed with Tunneled dialysis catheters (TDCs).

Results: The mean age of group I (NTC group) was 58.6 + 8.0 years,13 (52%) patients were males,
the mean BMI was 38+4.3 kg/m. In TDC group, the mean age was 56 + 8.8 years, 10 (40%)
patients were males, the mean BMI was 37.1 3.9 kg/m. NTC and TDC groups were compared in
terms of complications. The premature removal rate was 36% and 12% in group I and II
respectively. Bleeding was reported in 32% and 8% in group I and II respectively. In the NTC
group, 32% had functional complications, while 28% had procedural complications, and in only 4%
of the TDC group. In the TDC group, only 4% had either procedural or functional complications.
Multiple sticks were encountered in 32% and 2% in group I and II respectively.

Conclusion: TDCs have substantially fewer complications and better performance characteristics
than NTCs.
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Introduction

End-stage renal disease (ESRD) is a
primary outcome of chronic kidney disorder
(CKD) and has a substantial impact on
health-related quality of life and healthcare
utilization (Vanholder et al.,, 2012). The
prevalence of end-stage renal disease (ESRD)
in Egypt has increased in 1996 to 2004 from
225 to 483 patients per million population
(pmp) (Afifi, 2008).

Hemodialysis (HD) is a widely
employed renal replacement therapy (RRT) for
individuals with ESRD. The introduction of HD
has led to a significant reduction in mortality
rates among patients with ESRD (Amini et al.,
2011).

HD involves a process by which
accumulated solutes are removed from the
blood of patients who have experienced a
near-total or complete renal function loss.
During the HD procedure, solutes are diffused
from the blood into a dialysate solution, which
is a physiological salt solution. This separation
of solutes from the blood occurs across a thin
semipermeable membrane, which serves as the
central component of the dialyzer (Saeed and
Sinjari, 2018).

The survival of patients with ESRD is
influenced by various factors, including the
adequacy of dialysis, the chosen method of
renal replacement therapy, the underlying cause
of renal failure, and the presence of additional
medical conditions (Abd El-Sattar et al.,
2021).

Central venous catheters (CVC) are a
commonly used vascular access approach for
ESRD  patients who are undergoing
hemodialysis. However, the use of CVCs is
associated with elevated mortality and
morbidity compared to other options such as
arteriovenous fistulas (AVFs) and grafts
(AVGs). This presents a significant health
challenge for the nephrology community thus
highlighting the importance of optimizing
vascular access strategies to improve outcomes
and minimize complications in patients
undergoing hemodialysis (Haddad et al.,
2012).

In certain clinical scenarios, patients
may encounter the failure of arteriovenous
fistulas (AVFs) and arteriovenous grafts
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(AVGs), which are the preferred long-term
vascular access options for hemodialysis
patients (Cheng et al., 2019). In such instances,
tunneled hemodialysis catheters (TDCs)
become a crucial alternative. TDCs are
surgically inserted into a large vein, often the
internal jugular or femoral vein, and are
tunneled subcutaneously to an exit site on the
patient's chest or neck. A cuff is incorporated
into the catheter design, anchoring it in place
and creating a barrier against infection (Cheng
et al.,, 2019). While TDCs offer a viable
method to initiate hemodialysis when other
options are limited, they are generally
considered less favorable for long-term use
when compared to AVFs and AVGs. This
preference stems from the higher risk of

complications, particularly infections,
associated with TDCs over extended periods
(Cheng et al., 2022).

For certain patients, temporary vascular
access becomes a necessity. This requirement
can arise due to various clinical circumstances,
including acute kidney injury, delayed
maturation of AVFs, the failure of permanent
access sites, or the need for a bridge to other
renal replacement therapies such as kidney
transplantation or peritoneal dialysis. In such
cases, non-tunneled catheters (NTCs) are
employed as a short-term solution. NTCs are
inserted directly into a vein, often the
subclavian or femoral vein, without the
subcutaneous tunneling characteristic of TDCs.
The selection between TDCs and NTCs
depends on the patient's specific clinical
condition, anticipated duration of vascular
access need, and overall treatment plan
(Kazemzadeh et al., 2019).

The objective was to estimate the
complications of tunneled hemodialysis
catheters and non-tunneled catheters and
compare the outcome of them.

Patients and methods

We conducted a study involving 50
patients who were undergoing renal dialysis.
These patients were categorized into two
distinct groups, with their division determined
by the specific type of dialysis catheter they
were utilizing:
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Group I: which consisted of 25 patients,
was comprised of individuals who were
managed using non-tunneled catheters (NTCs).

Group II: (25 patients) included
patients managed with tunneled dialysis
catheters (TDCs).

The inclusion criteria encompassed two
specific patient groups: Firstly, those who
initiated dialysis before the establishment of an
arteriovenous (AV) fistula, and secondly,
patients diagnosed with ESRD who lacked a
functional AV fistula or graft.

Exclusion criteria included patients
with INR >2 or other significant coagulopathy,
critically ill patients, patients with evidence of
infection and  patients  with  known
hypercoagulable state.

All patients signed informed consent
before participation in the study. Additionally,
an approval from the institutional ethical
committee of the Faculty of Medicine, Qena
was obtained.

All patients underwent to the following:

I. Complete history taking which include Age,
sex, primary cause of ESRD, duration of
dialysis, and site of AVF creation. History of
other comorbid conditions. We collected
information regarding potential risk factors,
such as diabetes mellitus, pregnancy
complications, hypertension, urinary lithiasis
and nephrotoxic drug exposure.

Hypertension was defined as a blood pressure
measurement equal to or exceeding 140/90
mmHg (Beaney et al., 2020). The diagnosis of
hypertension as a contributing factor to
end-stage renal disease (ESRD) was established
in cases where persistent hypertension predated
the onset of ESRD and there were no
indications of other underlying causes (Lo et
al., 2009).

Diabetic nephropathy was diagnosed when
longstanding diabetes was accompanied by
proteinuria and correlated with diabetic
retinopathy (Gross et al., 2005).

Chronic glomerulonephritis (GN) was inferred
from historical data corroborated by urinary
findings and validated through renal histology.
In cases of chronic GN, an episode of acute
nephrotic syndrome may serve as a defining
event. The presence of renal hematuria,
persistent proteinuria, dysmorphic red blood
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cells, and urinary casts were indicative of
nephrotic syndrome. For early-stage diagnosis,
renal biopsy is a more accessible and
informative procedure (Tomino, 2014).
Obstructive uropathy was diagnosed through
imaging studies. Common radiographic
techniques employed to diagnose obstructive
uropathy included abdominal ultrasound and
intravenous pyelogram.

II. General examination encompassed a
thorough assessment of the patient's overall
well-being, with particular emphasis on the
state of consciousness and vital signs.

III. Anthropometric =~ measurements were
obtained, including weight and height, from
which the body mass index (BMI) was
evaluated by dividing the weight in kilograms
by the square of the height in meters.

IV. Detailed local examinations of the
abdomen, chest, and heart were conducted, with
a specific focus on identifying indicators of
chronic renal disease.

V. Laboratory Investigations:

- A total of five milliliters of venous blood
were drawn from each participant and
subsequently divided into two distinct
samples. The initial sample, comprising
three milliliters, was collected in a plain
vacutainer tube.

- After centrifugation, the resulting sera were
utilized for biochemical analyses. The
remaining two milliliters were collected in a
tube  containing an  anticoagulant,
designated for the following purposes:

I- Serum creatinine levels were determined
using the COBAS 501 chemistry auto
analyzer (Roche Diagnostics, USA).

2- A complete blood picture was conducted
using the Erma Automated Blood Count
Machine (Tokyo, Japan).

3- Renal filtration rate (¢GFR) was calculated
employing the CKD-EPI equation (Levey
et al., 2009). The diagnosis of chronic
kidney disease (CKD) was established
when the eGFR remained below 60
ml/min/1.73 m” for a period exceeding three
months (Eriksen & Ingebretsen, 2006).

Insertion of cuffed hemodialysis
catheters was performed by Dr. Mustafa
Abdullah Ahmed (specialist of internal
medicine and Nephrology at South Valley
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University), in Damanhour Medical Nephrology Unit, so we thank him for his
National Institute interventional valuable participation (Figs 1-5).

Fig.1. Left externa

l iliac cuffed hemodialysis catheter at Damanho
Interventional Nephrology Unit

Fig.2. CXR showing post insertion functioning Rt int. Jugular cuffed HD catheter with tip in the
optimum site. At Damanhour Medical National Institute Interventional Nephrology Unit.
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Fig.3. CXR showing post insertion functioning Lt subclavian cuffed HD catheter with tip in the
optimum site. At Damanhour Medical National Institute Interventional Nephrology Unit.

Fig.4. CXR showing post insertion functioning Lt external iliac cuffed HD catheter with tip in the
optimum site At Damanhour Medical National Institute Interventional Nephrology Unit.
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IV. Outcome measures: The evaluation of our
study was based on the rate of complications,
specifically focusing on the occurrence rates of
infection and thrombosis. Both of these adverse
events were combined to calculate a composite
complication rate.

Ethical
SVU-MED-MEDO018-1-22-2-340
Statistical analysis

The collected data were analyzed using
Statistical Software for Social Sciences (SPSS)
version 26.0. Numerical data were presented as
mean + standard deviation (M + SD), while
qualitative data were expressed as frequency
and percentage (%) and were subjected to
comparison using Student's t-test. For
non-parametric data, the Chi-square test was

code:

Fig.5.Right femoral Non tunneled hemodialysis catheter at nephrology unit Qena university
Hospital.

employed. A significance level of P < 0.05 was
considered statistically significant.
Results
Baseline characteristics

A total of 50 patients undergoing renal
dialysis, were divided into two categories based
on the type of the dialysis catheter. Group I (25
patients) included patients managed with
non-tunneled catheters (NTCs), while group II
(25 patients) included patients managed with
tunneled dialysis catheters (TDCs). No
significant variation was found between groups
regarding basic characteristics (P>.05). In NTC
group, the mean age was 58.6+£8.0 years,
ranging between 41 and 70 years, 13 (52%)
patients were males, and 12(48%) were
females, the mean BMI was 38 +4.3 kg/mz.In
TDC group, the mean age was 56+8.8 years,
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ranging between 40 and 70 years, 10 (40%)
patients were males, 15 (60%) were females,
the mean BMI was 37.1+#3.9 kg/m, ranging
between 30.2 and 42.5 kg/m. Underlying Renal
Pathology, in NTC group, five (20%) patients
had unidentified renal pathology, six (24%) had
diabetic  nephropathy, five (20%) had
hypertensive nephropathy, six (24%) had
glomerulonephritis, two (8%) had polycystic
kidney disease, and one (4%) patient was
diagnosed with malignancy. In TDC group, six
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nephropathy, four (16%) had hypertensive
nephropathy, four (16%) had
glomerulonephritis, two (8%) had polycystic
kidney disease, and four (16%) were diagnosed
with malignancy. No statistically significant
difference was found between groups regarding
time on dialysis (Chi-square test, P=.778).In
NTC group, 16 (64%) patients have been on
longstanding dialysis for ESRD, and nine
(36%) have undergone dialysis recently. In
TDC group, 15 (60%) were on longstanding

(24%) patients had unidentified renal dialysis, while 10 (40%) were recent dialysis
pathology, five (20%) had diabetic patients. As demonstrated in (Table 1).
Table.1. Demographic data of studied groups.
Variables NTC(N=25) TCC(N=25) P value
Age, years* .290a
Mean +SD 58.6+8.0 56+8.8
Range 41-70 40-70
Gender** .395b
Male 13(52%) 10(40%)
Female 12(48%) 15(60%)
BMI, kg/m2* 468a
Mean +SD 38+4.3 37.1£3.9
Range 30.4-44.7 30.2-42.5
Race** .395b
Black 10(40%) 13(52%)
Caucasian 15(60%) 12(48%)
Renal Pathology** .178b
Unknown 5(20%) 6(24%)
Diabetic Nephropathy 6(24%) 5(20%)
Hypertensive Nephropathy 5(20%) 4(16%)
Glomerulonephritis 6(24%) 4(16%)
Polycystic Kidney Disease 2(8%) 2(8%)
Malignancy 1(4%) 4(16%)
Duration of Dialysis, months* 771b
Recent 9(36%) 10(40%)
Longstanding 16(64%) 15(60%)
Data are presented as mean + SD; ** Data are presented as frequency (percentage).
a Independent sample t test ;b chi-square test.
Complications thrombosis), while 28% had procedural

NTC and TDC groups were compared
in terms of complications, including premature
removal, infection, bleeding, functional,
procedural, and multiple sticks. The premature
removal rate was 36% and 12% for the NTC
and TDC, respectively. Bleeding was reported
in 32% in the NTC group, and 8% in the TDC
group. In the NTC group, 32% had functional
complications (3 catheter malfunction and 5

complications (3 need to pull back catheter, 2
cuff migration, and 2 missing the internal
jugular vein), and in only 4% of the TDC
group. In the TDC group, only 4% had either
procedural or functional complications.
Multiple sticks were encountered in 32% of the
NTC group, and in 2% of the TDC group. NTC
had a significantly higher complication rate
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compared to the TDC (Chi-square test, P< .05).
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As demonstrated in (Table. 2).

Table. 2. Complications (N=50)

Variables NTC(N=25) TCC(N=25) P value
Premature Removal 15(60%) 8(32%) .045
Infection 9(36%) 3(12%) .043
Exit-Site 8(32%) 1(4%) .010
CRB 6(24%) 1(4%) .042
Bleeding 8(32%) 2(8%) .034
Functional 8(32%) 1(4%) .010
Procedural 7(28%) 1(4%) .021
Multiple Sticks 8(32%) 2(8%) .034
CRB: Catheter related bacteraemia, Chi-square test.
Survival Analysis complication. The mean time to premature

By running a Kaplan-Meier survival
model, a statistically significant difference was
observed in event-free rates in favour for the
NTC and TDC groups (Log Rank test, P=
.045). “Event” was defined as premature
removal of the catheter secondary to any

removal for the entire study group was 3.2+ 0.1
weeks. The mean time to premature removal
was 2.8+0.2 for the NTC group, and 3.5 +0.2
weeks for the TDC group as demonstrated in
(Table .3).

Table 3. Survival Time

Variables NTC(N=25) TCC(N=25) Total (N=50) P. Value
Mean +SE 2.8+0.2 3.5+0.2 3.240.1 0.045
95% Confidence 2333 3238 2835
Interval
Log Rank test of Kaplan-Meier survival
Discussion with ESRD reflects advancements in healthcare

These study's results demonstrated that
the average age of the participants was 58.6
years in group I and 56 years in group IL

A separate study by Hafez et al. (2019)
involving 1000 ESRD patients undergoing
regular hemodialysis in Aswan governorate,
Upper Egypt, reported an average age of
50.38+14.41 years.

Similarly, El-Ballat et al. (2019) found
that the mean age of their patient cohort was
52.80+13.82 years.

Almutairi et al. (2017) conducted an
analysis of demographic data from 349
hemodialysis (HD) patients in Tabuk City,
Saudi Arabia. Their study indicated a mean age
of 51.3+17.6 years for the patients.

Afifi (2008) noted a progressive increase
in the mean age of Egyptian patients, rising
from 45.6 to 49.8 years in 1996 to 2008. This
upward trend in the mean age of individuals

and improved patient management. However,
there remains a disparity between these figures
and those observed in more developed
countries. For instance, the mean age of ESRD
patients in the United States was reported as
59.2 years (United States Renal Data System,
2015), and in Europe, it stood at 60.3 years
(Pippias et al., 2015).

The results of this study demonstrated
that the predominant causes of end-stage renal
disease (ESRD) included hypertension, diabetic
nephropathy, and glomerulonephritis.

This pattern is consistent with reports
from various governorates in Egypt. Ahmed et
al. (2015) conducted a study within
haemodialysis units in the Kafer El-Shakh
Governorate in 2012. They found that the
primary known causes of ESRD were
hypertension (34%) and diabetic nephropathy
(14%).
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Similarly, in the El-Sharkia governorate,
Ghonemy et al. (2016) documented that
hypertension (31.8%) was the leading cause,
followed by diabetes mellitus (DM) (15.5%).
These parallels suggest a prevailing trend of
hypertension and diabetic nephropathy as
significant contributors to ESRD across
different regions in Egypt.

In a similar vein, El-Ballat et al. (2019)
documented comparable findings regarding the
prevalent causes of ESRD in their study. They
observed that hypertension (31.7%), diabetes
mellitus (18.0%), and obstructive nephropathy
(10.8%) were the most common contributing
factors.

In the current study's results, it was
revealed that 22% of the patients had ESRD of
unknown causes. This proportion mirrors
observations made by El-Arbagy et al. (2016),
who identified ESRD of unknown etiology in
25% of their patient cohort. Furthermore,
El-Ballat et al. (2019) reported that unknown
causes accounted for 21.6% of all cases of
ESRD, and Ahmed et al. (2015) indicated that
unknown causes constituted 25.3% of all ESRD
cases. These consistent figures underscore the
presence of an appreciable portion of ESRD
cases with undetermined origins across
different studies.

These trends are similarly reflected in
data from other countries within the Middle
East. For instance, Almutairi et al. (2017)
reported that 25.2% of ESRD patients in Saudi
Arabia had unknown causes. In Libya, Alsaeiti
et al. (2021) conducted an evaluation of 292
dialysis patients and found that 21.6% of them
were attributed to unknown causes.

The present study's results revealed a
notably higher rate of complications in patients
with  nontunneled catheters (NTC) in
comparison to those with tunneled dialysis
catheters (TDC) (Chi-square test, P < 0.05).
These findings align with Mendu et al. (2017),
who conducted a prospective cohort study
spanning 16 months and involving 154
AKI-RRT patients. They demonstrated that
patients  receiving  TDCs  experienced
significantly better renal replacement therapy
(RRT) delivery, both for continuous
venovenous hemofiltration (CVVH) and
intermittent  hemodialysis  (IHD),  when
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contrasted with patients using non-tunneled

dialysis catheters (NTCs). Notably, NTCs were

associated with considerably higher rates of

mechanical complications (relative risk 13.6, p

=0.001).

In a similar vein, Weijmer et al. (2004)
conducted a retrospective study encompassing
both acute kidney injury (AKI) and ESRD
patients. Their findings indicated notably higher
infection rates among  patients  with
non-tunneled catheters (NTCs) (15.6-20.2/1000
catheter days) in contrast to tunneled catheters
(TDCs) (2.9/1000 catheter days).

Furthermore, Klouche et al. (2007)
conducted a  limited-scale = randomized
controlled trial involving 30 AKI patients,
comparing NTCs with femoral TDCs. The
results showed reduced occurrences of
catheter-related bacteremia alongside
significant enhancements in dialysis adequacy
with TDCs as opposed to NTCs.

Conclusion

Tunneled dialysis catheters (TDCs)
exhibit significantly reduced complications and
superior performance characteristics when
compared to non-tunneled dialysis catheters
(NTDC:s). Therefore, TDCs should be regarded
as the preferred catheter option for renal
replacement therapy (RRT) prior to the
establishment of an arteriovenous fistula. Also,
TDCs should be used in cases of ESRD when
there are contraindications to the insertion of
AV fistula.
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