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Abstract

Background: Hemodialysis tunneled catheters are prone to failure due to infection or thrombosis. Prediction of cath-
eter dysfunction chance and finding the predisposing risk factors might help clinicians to prolong proper catheter
function. The multidimensional mechanism of failures following infection or thrombosis needs a multivariable and
comprehensive analytic approach.

Methods: A longitudinal cross-sectional study was implemented on 1048 patients admitted for the first hemodialysis
tunneled catheterization attempt between 2013 and 2019 in Shahid Hasheminejdad hospital, Tehran, Iran. Patients’
information was extracted from digital and also paper records. Based on their criteria, single and multiple variable
analyses were done separately in patients with catheter dysfunction due to thrombosis and infection. T-test and
Chi-square test were performed in quantitative and categorical variables, respectively. Competing risk regression was
performed under the assumption of proportionality for infection and thrombosis, and the sub-distributional hazard
ratios (SHR) were calculated. All statistical inferences were made with a significance level of 0.05.

Results: Four hundred sixty-six patients were enrolled in the analysis based on study criteria. Samples’mean (SD)
age was 54(15.54), and 322 (69.1%) patients were female. Three hundred sixty-five catheter dysfunction cases were
observed due to thrombosis 123(26.4%) and infection 242(52%). The Median (range) time to catheter dysfunction
event was 243(36-1131) days.

Single variable analysis showed a statistically significant higher proportion of thrombosis in females (OR=2.66, 95%
Cl:1.77-4.00) and younger patients, respectively. Multivariate competing risk regression showed a statistically signifi-
cant higher risk of thrombosis in females (Sub-distributional hazard (SHR) = 1.81), hypertensive (SHR=1.82), and more
obese patients (BMI SHR=1.037). A higher risk of infection was calculated in younger (Age SHR=0.98) and diabetic
(SHR=1.63) patients using the same method.

Conclusion: Female and hypertensive patients are considerably at higher risk of catheter thrombosis, whereas
diabetes is the most critical risk factor for infectious catheter dysfunction. Competing risk regression analysis showed a
comprehensive result in the assessment of risk factors of catheter dysfunction.
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Introduction

Suitable vascular access is the main concern in chronic
hemodialysis patients. Tunneled central venous catheters
(CVCQ) is a flexible tube with prolonged vascular access
providing for the management of intravenous medication
treatments, fluids, or total parenteral nutrition, repeated
blood sampling, and hemodialysis (HD) [1]. CVCs are
used as temporary access to the vascular until perma-
nent access to the vascular (arteriovenous fistula [AV F]
or arteriovenous graft [AVG]) can be placed [1]. Approxi-
mately 80% of newly hemodialysis patients require a
CVC because they do not have suitable AFV to use or
they have not had permanent access placed before dialy-
sis initiation.

Identification and prevention of CVCs complications
in hemodialysis patients (Common complications such as
catheter infection and thrombosis) are serious to improv-
ing patient care. CVC’s main complications include infec-
tion, catheter dysfunction, and central vein obstruction
(CVO). Infection associated with hemodialysis catheters
is the most serious complication that may cause signifi-
cant morbidity and mortality, systemic complications,
hospitalizations, and considerable costs to the healthcare
system [2]. Catheter dysfunction is defined as the lack of
ability of a central venous catheter to: (1) doing a single
dialysis period without causing recurrent pressure alarms
or (2) generate hand over a mean dialysis blood flow of
>300ml/min on two sequential dialysis periods or deliver
a Kt/V of 1.2 in 4hours or less [3]. Catheter dysfunction
may be caused due thrombosis, fibrin sheath obstruction
and mechanical complications. Central vein obstruction
(CVO) is identified in patients with >70% stenosis of a
central vein by contrast venography, or upper limb edema
on the same side, and having a history of a central venous
catheter [3]. The incidence rate of CVCs complications is
very wide because it can be determined by the definition
of complications, patient population, units of measure-
ment, duration of catheterization and follow-up, catheter
location, and diagnostic methods [4]. The US Renal Data
System delivers guidelines for coding complications of
the catheter in hemodialysis patients [5].

Previous research about the variables influencing the
complications of the tunneled central venous catheters
occurred in hemodialysis patients is shown that the
Localization of the catheter into the right internal jugu-
lar vein [1], duration of catheterization and diabetes [6]
increase the risk of infection and also younger hemodi-
alysis patients have a higher risk of infection [7]. How-
ever, the use of anticoagulant agents decreases the risk of
thrombosis but is not significant [1]. Since there is a lit-
tle knowledge about the variables that effect on the time
until common complications of CVCs occurs, this study
aims to find the effect of several risk factors on the time
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until thrombosis and infections of the catheter in hemo-
dialysis patients. A better understanding of these factors
may lead to having better survival and lower complica-
tion in the CVCs.

Method

Design and patients

This longitudinal cross-sectional study was implemented
to assess the risk factors affecting the function of tun-
neled central venous catheters that had been fixed for
end-stage renal disease (ESRD) patients to perform
hemodialysis. The study was conducted in Haeshmei-
Nedjad Kidney Center, Tehran, Iran, between June 2019-
Feb 2020.

All patients who underwent central venous catheteri-
zation for the first time between the years 2015-2019
in the hospital were included in the study if their medi-
cal records were completed from the first catheteriza-
tion episode until its dysfunction, end of follow-up, or
end of the study period. Inclusion criteria were the first
attempt for tunneled hemodialysis catheterization. All
catheterizations were performed ultrasound-guided and
rechecked by fluoroscopy to confirm the proper replace-
ment of the catheter in the Cava-atrial junction. Based
During the observed period, all patients underwent
hemodialysis 2—4 times per week based on the ward
protocol, and their catheters were heparin locked by
2500 units after each dialysis session.

Patients who encountered catheter dysfunction in less
than 1months, those who had been lost to follow for
catheter dysfunction, and those who were referred for the
second or more installation of the venous catheter were
excluded from the study. Moreover, any patient with a
history of a thrombotic event, thrombotic dysfunction,
immunodeficiency, and also recent use of antithrombotic,
antibiotics or chemotherapy medication were excluded
too. Patients’ information, including demographic, past
medical, and current medical situation, was extracted
from the hospital information system (HIS) and digital
records. In case of missing data (especially in older files),
we referred to a paper medical file to complete the data.
All patients signed informed consent to allow use their
medical information anonymously for research goals.

Factors and outcomes

Registered demographic information was age, BMI, edu-
cational level and residential area. Past medical history
of patients such as diabetes mellitus (DM), hypertension,
Ischemic Heart disease (IHD) and its related interven-
tions, and cancer, in addition to their clinical and para-
clinical information before and after the admission time
includes were extracted. Anemia was defined as hemo-
globin (Hb) levels <12.0g/dL in women and<13.0g/dL
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in men based on WHO definition [8]. Notably, any renal
intervention such as the history of hemodialysis and its
duration, renal transplantation history, brachial fistula
fixation, and location of central venous catheterization
were recorded. Patients’ nursing care levels were catego-
rized by Welsh Levels of Care.

The study’s endpoint was defined as catheter replace-
ment due to thrombosis or infection and the time
between first and second catheterization.

Thrombosis of the catheter was defined as a significant
impairment of the blood flow in the catheter (Blood flow
rate (QB)=150-250ml/min adjusted based on patients’
weight) upon initiating the dialysis session. Since throm-
bolytic agents (Such as Urokinase) as not covered by
medical insurance, we did not use them in case of cath-
eter thrombosis.

The infected catheter was diagnosed based on the
patient’s clinical symptoms (fever or chilling) and subse-
quent positive blood culture test results from the cath-
eter line or peripheral.

Statistical analysis

After the descriptive report of variables in the study sam-
ples, single and multivariable analyses were performed
using STATA software version 16. Single variable analy-
sis was done using the independent sample t-Test and
also the Chi-square test for quantitative or categorical
variables.

Since the study’s main outcome was the time to reach
catheter dysfunction, the multivariate statistical analysis
plan was based on survival analysis, and patients who
had never experienced dysfunction were considered
censored (even if death happened due to non-catheter
related reasons). Two separate cox regression models
were adjusted to assess the association between fac-
tors and two causes of catheter dysfunction (Throm-
bosis and infection). Proportionality assumptions were
assessed for any assumed risk factors before involving in
the regression models. Moreover, due to trigonal char-
acteristics of patients’ state (continuously functional
catheter, dysfunction by thrombosis, and dysfunction by
infection), it seems infection and thrombosis compete
for catheterization failure. Then the risk factors effect
was evaluated using competing risk regression analysis
between these two different outcomes and the sub-dis-
tributional hazard ratio was calculated for both infection
and thrombosis competing with each other by STATA
software. The significance level was considered as 0.05
in univariate analysis. Multivariate analyses were per-
formed in the backward method. Variables were kept in
the model if the univariate P-value was <0.2. However,
some variables were included in the model regardless of
the p-value in the case of clinical intuition.
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Results

Throughout 1048 central venous catheterization cases
in the study period, 466 patients were completely eli-
gible for analysis (Fig. 1). Within these cases, 242(52%)
patients experienced thrombosis, 123(23.4%) dysfunc-
tion happened due to infection, and the remaining cath-
eter continued working into the end of follow-up period.
The median (range) time for proper catheter working
is 243(36-1131) days in total. This median (range) time
were 217(36-1075), 247(37-1060), 486(36—1131) in
thrombosed, infected and working catheter respectively.

There was no case of death before catheter dysfunc-
tion. Jugular catheterization was performed in 95.5% of
patients whereas sub-clavian and femoral catheter was
fixed in 2.4 and 2.1% cases respectively. Patients’ care
level was 6.9, 50.5, 34.7 and 7.9% from level 1 to 4 respec-
tively. Patients’ clinical characteristics are described in
Table 1.

Single variable analysis showed that older patients’ are
at higher risk of thrombosis and lower risk of infection
(Table 2), although these differences were not observed
when age is adjusted with other variables (Table 3). The
female gender showed a considerably higher risk of
thrombosis both in single and adjusted analysis (Odds
ratio (OR)=2.66, 95% Confidence interval (CI):1.77—
4.00), whereas there was no relationship between gender
and infection (Tables 2 and 3).

Multivariate regression for thrombosis, which com-
peted by infection, demonstrated that female gender and
hypertension predispose patients to thrombosis while
DM is associated with a reduced risk of it. On the other
hand, higher age and lower diastolic pressure are associ-
ated with a lower chance of infection in competing risk of
thrombosis since diabetes makes patients more suscepti-
ble to infection (Table 4).

Discussion

This single-center study tried to investigate many predis-
posing risk factors for catheter dysfunction with about
116,000 days follow-up through two types of a regression
model. Findings proposed that female and hypertensive
patients besides more obese individuals, are considerably
higher at risk of catheter thrombosis. In contrast, diabe-
tes is the most critical risk factor for infectious catheter
dysfunction. The result of the competing risk model is
more reliable due to the best adjustment.

Previous studies reported different rates of throm-
bosis. A similar percentage were observed in 46.7% of
cases with hemodialysis catheter in the Sahli study [6].
In a study in Croatia, this rate was 16.8 in 1 year follow-
ing up of patients with the central catheter for dialysis
[9]. Develter et al. reported a 12% rate for thrombosis as
a catheter dysfunction cause which is considerably lower
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1048 patients underwent tunneled catherterization for hemodialysis between
years 2013-2019 in Shahid Hasheminejdad hospital
\ 4
First cathetenfauon profile Catheter dysfunction happened Initial catheterization |
was not available (2nd AR e e criteria were not in the
catheterization ) : "fl e . hospital archive:
266 patients el 275 patients
Y
466 followed patients were
suitable for data analysis:
) \ 4 ‘ \ 4
242 cases of catheter 101 functional 123 cases of catheter

dysfunction due to catheter at the end of dysfunction due to

thrombosis study infection

Fig. 1 Patients'flow diagram

Table 1 Patents'clinical characteristics

Male (144) Female (322) Total
Age 52.95(17.99) 55.74 (14.25) 54 (15.54)
Menopause - 227 (70.5%) -
DM 51 (35.4%) 69 (21.4%) 120 (25.8%)
HTN 86 (59.7%) 95 (29.5%) 181 (38.8%)
CVA 10 (6.9%) 9 (2.8%) 19 (4.1%)
Anemia 65 (91.5%) 71 (77.2%) 136 (83.4%)
Functional 236 (37-1131) 261 (36-1064) 243 (36-1131)

Catheter time

Data are demonstrated as Mean (SD), and number (percentage)

than our results. No comorbidity was found as a predic-
tor [1]. The difference in observed thrombosis rate might
be affected by the length of patient follow-up and also
the use of antithrombotic/thrombolytic protocols since
Hemmelgarn et al. and also ward et al. reported a signifi-
cant difference between recombinant tissue-plasminogen
activator and heparin lock solution in thrombosis rate
[10, 11].

The infection rate reported widely from 6 to 29% in
the various surgical settings and also patients popula-
tion [6, 12—14] which is compatible with our findings of
26.4%. Sometimes the infection is the main reason for
catheter removal, which differs from our results. This
variety might be due to patients’ care level distribu-
tion and exposure to infectious organisms. In our study,
care level 1 is directly associated with a lower risk of
infection.

Multivariate analysis to assess the risk factors of throm-
bosis and also infection in patients with tunneled central
catheters is performed frequently using Cox or logistic
regression, but most studies used these methods for each
endpoint separately [4, 6, 11, 15]. A cohort study com-
pared the risk factors of death rate in tunneled hemodial-
ysis catheter and aterio-venous fistula, which is different
in final outcomes [2]. These risk calculation methods
assume that thrombosis and infection are independ-
ent, and there is no mutual risk factor that confounds or
interacts between these two endpoints outcomes. This
assumption may be a risk of bias because it seems throm-
bosis or infection compete with each other in catheter
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Table 2 Univariate analysis of patients' risk factors for catheter dysfunction, comparing patients with infection or thrombosis event

Versus no event

Infection Thrombosis

Yes No P-value Yes 242 (52%) No P-value

123 (26.3%) 343 (73.6) 224 (48%)
Age® 51.24(17.01) 56.18 (14.75) 0.005 56.68 (14.02) 52.93(16.84) 0.012
Gender (Female)® 79 (64.2%) 243 (70.8%) 0.173 191 (78.9%) 131 (59.3%) 0<0.001
BMI® (Kg/m?) 264 (4.87) 27.08 (6.1) 0.393 2763 (5.88) 26.37 (5.58) 0.127
INR? - - - 1.12 (0.24) 1.08 (0.12) 0.186
Anemia® 32 (30.6%) 15 (14.9%) 0.388 14 (16.9%) 13 (16.9%) 0.998
Diabetes® 34 (27.6%) 86 (25.1%) 0.576 54 (22.3%) 64 (29%) 0.101
Hypertention® 48 (39%) 133 (38.8%) 0.961 95 (39.3%) 86 (38.4%) 0.783
? Data are demonstrated as Mean (SD), and analyzed using independent T test
b Data are demonstrated as number (percentage), and analyzed using Chi square test
Table 3 Competing risk analysis for thrombosis

Univariate Multivariate
Factor SHR? 95% Confidence interval P-value SHR 95% Confidence P-value
interval

Age 1.009 0.99-1.02 0.063 1.01 1-1.02 0.047
Gender (Female=1) 1.71 1.23-2.39 0.001 1.82 1.291-2.571 0.001
Education 0.84 0.60-1.17 0.310
BMI (Kg/m?) 1.033 0.99-1.069 0.053 1.037 1.001-1.074 0.040
Systolic Blood pressure 1.002 0.99-1.009 0.56
Diastolic Blood pressure 1.031 0.999-1.027 0.076 1.009 0.994-1.025 0212
Diabetes 0.95 0.689-1.328 0.794 0.66 0451-0.972 0.035
Hypertention 140 1.04-1.90 0.026 1.81 1.290-2.559 0.001
CABG 1.55 0.882-2.781 0.125 1.69 0.889-3.215 0.109
CVA© 0.89 045-1.73 0.732
IHDH 1.0840 0.277-4.24 0.907
Severe anemia® 0.909 0.573-1.442 0.686
Hemoglobin (g/dL) 1.02 0.938-1.1240.566 0.922
Creatinin 0.945 0.883-1.012 0.111 0.974 0.902-1.053 0516

Variables were included in the multivariate analysis if the univariate P-vale< 0.2; Therefore, Education, Systolic blood pressure, CABG, CVA, IHD, Severe anemia, and

Hemoglobin level were excluded from the multivariate analysis
2 Sub-distributional hazard ratio

b Coronary artery bypass graft

¢ Cardiovascular Accident

9 Ischemic heart disease

€ Severe anemia was defined as Hb < 8 based on WHO criteria

dysfunction, and this competition should be considered
in any factor analysis [16]. Therefore competing risk anal-
ysis is the better selection for adjusting the risk of differ-
ent variables in the multivariate analysis approach.

On the base of the author’s knowledge, the compet-
ing risk regression model has not been used for risk
factor analysis in hemodialysis tunneled catheters but
it was used recently for peritoneal dialysis-associated
factors [17].

Patients’ age in our study is lower compared with
most previous studies especially compared in devel-
oped countries [1, 11, 12, 18] but this might be due to
earlier incidence of end-stage renal disease in develop-
ing country which observed similarly in some reported
articles [6, 13, 15]. Competing risk analyses have shown
a higher risk of infection in younger patients, which is
compatible with the results of Wang et al. study [15]
but against Sahli et al. results which rejected the role
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Table 4 Competing risk analysis for infection

Univariate Multivariate
Factor SHR? 95% Confidence P-value SHR 95% Confidence P-value

interval interval

Age (years) 098 0.971-0.995 0.006 0.982 0.968-0.994 0.004
Gender (Female=1) 0.727 0.485-1.088 0.121 0.726 0474-1.18 0.140
Education 1.275 0.773-2.103 0.341
BMI (Kg/m?) 0.985 0.943-1.028
Systolic Blood pressure (mm Hg) 0.99 0.98-1.002 0.217
Diastolic Blood pressure (mm Hg) 0.985 0.970-0.999 0.045 0.985 0.971-0.999 0.041
Diabetes 1172 0.771-1.78 0457 1.633 1.03-2.58 0.036
Hypertention 0.856 0.572-1.27 0.448 0.704 0.459-1.07 0.107
CABGP 0.681 0.241-1.920 0468
CVA© 1.100 0.503-2.405 0.811
IHD¢ 0.999 0.313-3.193 0970
Severe anemia® 1.22 0.675-2.22 0.502
Hemoglobin (g/dl) 1.002 0.877-1.145 0970
Creatinin 1.109 0.971-1.069 0435

Variables were included in the multivariate analysis if the univariate P-vale< 0.2; Therefore, BMI, Education, Systolic blood pressure, CABG, CVA, IHD, Severe anemia,

Hemoglobin and Creatinine level were excluded from the multivariate analysis
2 Sub-distributional hazard ratio

b Coronary artery bypass graft

¢ Cardiovascular accident

9 Ischemic heart disease

€ Severe anemia was defined as Hb < 8 based on WHO criteria

of age in this outcome. The patients’ care level and out-
door activity should be considered to infer this associa-
tion. On the other hand, age is associated with a higher
chance of thrombosis adjusted with other risk factors,
which was reported previously by Ward et al. [11].

A higher rate of thrombosis in females was reported
considerably by Ward in the direction of our results.
However, Pasara et al. reported a higher mortality rate in
men due to catheter dysfunction [9]. Our results or pre-
vious studies did not find any association between infec-
tion and gender.

Our results show hypertensive patients have a consid-
erably higher risk of thrombosis SHR=1.4. Equivalent
results were reported in the Ward study, where higher
mean blood pressure at the time of dialysis is reported as
a risk factor for thrombosis. Unfortunately, this variable
is not available in our database, although to quantify the
effect of hypertension on thrombosis, we include dias-
tolic blood pressure at the time of catheter insertion in a
multivariate competing regression model, but the results
were not statistically significant. Pasara reported a lower
chance of death in hemodialysis patients with previous
hypertension history.

Higher BMI and obesity are frequently mentioned as
risk factors for catheter thrombosis, and this is entirely
compatible with the current study’s result [19].

The current study introduces new methods of risk
factor analysis for hemodialysis catheter dysfunc-
tion whit competing for risk calculation which is
recommended to be considered for future studies. Sin-
gle-center study population made the intervention pro-
tocol more homogenous, although this might reduce
its external validity. The study’s main limitation is its
retrospective nature, leading to missing data, loss of
patient follow-up, and a lack of good quality laboratory
data registry.
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