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Introduction: Permanent vascular access (arteriovenous fistula (AVF), arteriovenous graft (AVG)) is susceptible to acute events that
reduce patency. The temporary central venous catheter (CVC) constitutes bridging therapy for primary vascular access dysfunction. The
impact of “residence time” on the rate of dysfunction/thrombosis or infection remains to be explored.

AIM: 1) To evaluate the impact of CVC residence time on outcomes (infection or Thrombosis/dysfunction) in consecutive temporary

CVCs adjusted for the insertion site (upper site vs. lower site).

2) To establish a cut-off resident time.

Patients and methods: Seventeen prevalent hemodialysis patients with three consecutive CVCs are followed up prospectively in an
observational study for a period equivalent to the permanence of the CVCs. The data is recorded at the beginning of the CVC time. The
diagnosis of catheter-related bloodstream infection and thrombosis/dysfunction is made following the K-Doqi 2019 guidelines.

Statistical analysis: Seventeen hemodialysis patients (51 CVCs) were included. The ‘CVC resident time’ of each individual patient
((i-e. Bcoefficient (log-transformed)*AUC)) was determined using LMM and then inserted into multivariate Cox models to assess
infection and dysfunction/thrombosis outcomes (Joint Models). The AUC was calculated at various baseline levels of CVC time (10%......
50" percentile). The cut-off point for thrombosis in CVC time corresponds to the mean of the CVC time at the 30" percentile of all CVCs.

Results: The CVC time is different for CVC’s site insertion and sequence. From the analysis of multivariate joint models, CVC resident
time appears not to be significant for infection, but heterogenicity for the insertion site (ref3-4=upper site) is significant for the outcome
of thrombosis/dysfunction. From the study of survival analysis, the free survival from outcomes by CVC site insertion appears to be
significant for thrombosis/dysfunction. The average time of CVCs’ calculation at the 30" percentile is 14 days (cut-off).

Conclusion: No tunneled hemodialysis Catheter (NTHC) residence time is considered not to be a risk factor for infection, but it
represents a risk factor for lower access thrombosis. After the cut-off time of 14 days, the advantage of the higher NTHCs is lost.
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Introduction

Many patients with end-stage kidney disease (ESKD)
who start hemodialysis treatment lack permanent vascular
access (late referral) [1]. In the context of prevalent
hemodialysis patients (early referral), permanent vascular
access (arteriovenous fistula (AVF), arteriovenous graft
(AVG)) is susceptible to acute events that reduce patency.
The good effectiveness of vascular access modifies the
relationship between inflammation, malnutrition, oxidative
stress, and cardiovascular outcome by increasing dialysis
efficiency and allowing the achievement of KT/V values that
improve survival [2]. The type and quality of vascular access
predict outcomes in the hemodialysis setting [3]. Permanent
vascular accesses are associated with better outcomes;
conversely, central venous catheters (CVCs) are associated
with increased mortality, regardless of comorbidity [4]. The
K-DOKI 2019 guidelines indicate the priority of vascular
accesses in line with the patient’s ESKD life plan [5]. KDOQI
guidelines consider it reasonable to use tunneled CVC in
preference to non-tunneled CVC due to the lower infection
risk with tunneled CVC when the time expected for the use of
vascular access or if a transplant option is plausible within a
period > 3 months. KDOQI considers it reasonable to use non-
tunneled internal jugular CVC only for temporary purposes
for a limited time period (< 2 weeks or per individual facility
policy) to limit infection risk and thrombosis /dysfunction.
Nonetheless, the temporary CVC constitutes an important
tool in the event of primary vascular access dysfunction
(thrombosis, stenosis, infection, aneurysm, complications of
venous puncture), constituting an important bridge therapy
for the resolution of the event which should take place in a
reasonable short time [6]. However, in the natural history
of temporary CVCs, the impact of ‘residence time’ on the
rate of dysfunction/thrombosis or infection is influenced
by endogenous variables and exogenous variables (i.e., site
insertion place), which make the residence time of temporary
CVCs very flexible. The real-world evidence of residence time
oftemporary CVCs on infectious and dysfunction/thrombosis
outcomes remains to be explored.

The goals of our study are:

1) To evaluate the impact of CVC residence time on the
outcomes (infection or Thrombosis/dysfunction) in
consecutive temporary CVCs adjusted for the insertion
site: jugular (upper site) vs. femoral (lower site).

2) To establish a cut-off resident time beyond which the
outcome is poor independently by CVC site placement.

Patients and methods
Sample size

In a single dialysis center, seventeen prevalent
hemodialysis patients out of 60 with three consecutive
CVCs over 18 months (January 2021 - June 2022) are
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recruited consecutively and followed up prospectively in an
observational study for aperiod equivalentto the permanence
of the CVCs. Prevalent hemodialysis patients are defined as
dialysis vintage > four months equipped with permanent
vascular access for > 7 months. Patients were selected based
on the number of consecutive CVCs (CVC sequence) in the
range of the run-in period (3 CVCs); the rationale for inserting
the temporary CVC is established by permanent vascular
access dysfunction, which reduces its flow with a consequent
decrease in dialysis efficiency. The insertion sites of the
CVCs are determined by the characteristics of the venous
vessels (dimension and flow of the common femoral and
jugular), the number of previous CVCs in the same site, TWL
entry, anthropometric characteristics (BMI), comorbidities
(respiratory insufficiency, ascites, venous insufficiency).
After carefully evaluating the previous variables, the venous
sites available for inserting the CVCs are Type1: right femoral;
type2: left femoral; type3: right jugular; type4: left jugular.

Patient characteristics

The demographic, biochemical, instrumental data
and comorbidities are recorded at the beginning of the
CVC time of each CVC and derived from the departmental
database (Software GepaDial, Matera). The data relating to
the individual dialysis sessions, the type of vascular access,
and the actual medical therapy (anticoagulation and/or
antiplatelet therapy) are recorded. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) data are recorded
at the start of the dialysis session for each temporary CVC
(as the average of three consecutive hemodialysis sessions).
BMI is calculated from dry weight as the average of three
consecutive post-dialysis weights. The interdialytic period’s
residual diuresis is collected to calculate the residual
renal function (RRF). The biochemical, therapeutic, and
instrumental data refer to the month of insertion of the
temporary CVC. Serological evaluations of hemodialysis
efficiency (urea, creatinine, glucose, CRP), blood counts
(Hb, PLT, Hct, WBC), calcium-phosphorus metabolism
(Ca, P, PTH), PT-INR, and PTT are examined. Withdrawals
are processed at the central laboratory with standard
methods. The comorbidity of Diabetes Mellitus is defined
by the concomitance of therapy (oral and/or insulin) + 1
extrarenal complication; Heart failure (HF) is defined by FE
< 40%; Atrial fibrillation (AF) is defined as arrhythmia > 3
months; coronary artery disease (CAD) is defined as present
if coronary angiography is positive for coronary stenoses;
vascular disease is defined as present if positive on CD or
angiographic examination.

Definition of outcomes

Diagnosis of catheter-related bloodstream infection
is based on clinical suspicion of infection (fever, rigors,
altered mental status, or unexplained hypotension), blood
cultures growing the same organism from the catheter
hub and a peripheral vein (or the dialysis bloodline), and
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absence of evidence for an alternative source of infection.
Catheter thrombosis/dysfunction is defined as the inability
of a central venous catheter to (1) complete a single dialysis
session without triggering recurrent pressure alarms or (2)
reproducibly deliver a mean dialysis blood flow of > 300
ml/min (with arterial and venous pressures being within
the hemodialysis unit parameters) on two consecutive
dialysis sessions or provide a Kt/V= 1.2 in 4 hours or less (3)
ultrasound control (K-Doqi guidelines 2019).

The study protocol was approved and in accordance
with the institutional ethics committee of the Dulbecco
Hospital, Catanzaro, Italy, and with the Helsinki Declaration
of 1975 regarding the ethical principles for medical research
involving human subjects. All patients had given oral consent
for research use at the beginning of the run-in period.

Statistical analysis

Seventeen out of 60 hemodialysis patients who had three
consecutive CVCs in an 18-month period were followed
longitudinally for the time equivalent to CVC time (for a total
of 51 CVCs). Data are presented as mean (standard deviation),
median (interquartile range), and percentage (%), where
required, and stratified by CVC sequence (first CVC, second
CVC, third CVC). The difference in CVC time is analyzed
for CVC sequence factor and CVC type factor (Typel: right
femoral; type2 left femoral; type3 right jugular; type4 left
jugular) by ANCOVA (Tukey - Kramer test).

Definition of the CVC resident time variable

The CVC times of the 3 CVCs of the single patient are
considered as repeated measures to parameterize a measure
of the residence time for every person and for each single
temporary CVC (CVC residence time). In a linear mixed
model (LMM), the extent of CVC time (outcome) is related to
the series of patients (person variable) as a random effect to
obtain a Beta coefficient for each person. An AUC curve of CVC
times was constructed for each patient. The parameterization
of each CVC time for each single individual sequence is given
by: B coefficient (log-transformed) *AUC. The AUC component
of the above formula is calculated at different baseline levels
of CVC time (10™ percentile, 20" percentile, 25" percentile,
30" percentile, 40" percentile, 50™ percentile), resulting in
different AUC (AUC 10°, AUC 20°, AUC 25°, AUC 30°, AUC 40°,
AUC 50°). Finally, the CVC residence time for each sequence
so obtained is entered as an exposure variable in a Cox model
(Joint model analysis).

Sensitivity analysis and survival analysis

In the multivariate Cox model, the variables found
significant in the univariate analysis (p < 0.25) are included
and selected for the final model with the backward stepwise
method to maximize R,. The outcomes of the Joint Model are
CVC infection and thrombosis/dysfunction (as defined in the
methods paragraph). The CVC time cut-off for thrombosis
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is calculated and appears to correspond to the mean of the
CVC time at the 30" percentile for all CVCs (n51). Patients
enrolled in the study are censored at the event or the end of
the observation period. No patients are lost to follow-up. In
the survival analysis, the outcomes are correlated to the CVC
residence time by Kaplan-Meyer analysis (Log-rank test)
and stratified by place of insertion (upper vs. lower). P0.05 is
significant. Statistical analysis is performed with NCSS 2020
software, Kaysville, UT, USA.

Results

Seventeen prevalent hemodialysis patients out of 60 with
three consecutive temporary CVCs (hereafter: CVCs) within
the 18-month period were enrolled in the study. They are
followed prospectively for a period corresponding to the
permanence period of each single CVC (51 CVCs). The mean
CVC time is 29.5 (20.5) days (Table 1).

The time of the first CVC and second CVC tends to be
longer than the third CVC (mean difference 12.41 d (p = 0.07)
and 12.47 d (p = 0.07)), respectively (Figure 1, Panel A). The
CVC time is different for CVC’s site insertion. The time for
right femoral CVC was longer than for left femoral CVC (mean
difference 15.1 d, p = 0.05); the time of CVC in left femoral is
shorter than for right jugular CVC (-15.37 d, p = 0.03) and left
jugular CVC (-14.7 d, p = 0.13) (Figure 1, Panel B).

The incidence of CVC infection was 0.33 of total CVCs:
first CVC 0.29, second CVC 0.35, third CVC 0.35 (p = 0.91). It
tends to be lower in left femoral CVC than in other insertion
sites: right femoral CVC 0.35, left femoral CVC 0.058,
right jugular CVC 0.35, left jugular CVC 0.23 (p =0.03). The
incidence of thrombosis/dysfunction was 0.35 in total CVCs:
First CVC 0.44, Second CVC 0.33, third CVC 0.22 (p = 0.35).
The incidence of thrombosis was lower in CVCs with upper
insertion sites (right and left jugular CVCs) vs. CVCs with
lower insertion sites (right and left femoral): right femoral
CVC 0.27, left femoral CVC 0.55, right jugular CVC 0.16, left
jugular CVC 0.0 (p = 0.001). No differences in biochemical,
demographic variables, and comorbidities between patients
were stratified by CVC sequence (Table 1). The proportion of
patients with prior vascular access setup was higher at the
second CVC (82.3%) and third CVC (76.4%) than at the first
(p=0.02). The percentage of femoral CVCs tended to be lower
for the second and third CVCs than the first (right femoral
CVC, p = 0.01), with complementary increases in upper CVCs,
but not statistically significant (p = 0.27).

In Cox’s univariate analysis, the variables that tended to
be significantly correlated with the infection outcome were:
WBC 1.17(0.98-1.40) p = 0.07; creatinine 1.10(0.98-1.22)
p = 0.07; Diabetes 0.33(0.10-1.06) p = 0.06 (Table 2).

Cox’s multivariate analysis, including variables with
p < 0.25, resulted in the following variables as predictive
factors of CVC infection: WBC risk ratio 1.37 (1.02-1.83)
p =0.04; RRF 0.75 (0.56-1,00) p = 0.05 (Table 3).
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Table 1: Patient characteristic

Variables All(n 51) CVC1(n17) CVC2(n17) CVC3(n17) P*
Age 69.8(14.6) 69.2(14.8) 69.5(14.7) 70,8(15.2) 0.94
Sex(male) 38(74.5) 13(76.4) 13(76.4) 12(70.5) 0.9
BMI(weight/height,) 26.5(5.3) 26.6(5) 26.4(5.2) 26.4(6.1) 0.99
SPB(mmHg) 120.4(21) 122.6(18.8) 119.7(23.1) 119.1(22) 0.87
DBP(mmHg) 69.1(9.6) 69.1(8.5) 70.2(10.8) 67.8(9.9) 0.76
Hb(gr/dl) 9.5(1.6) 9.7(2.1) 9.2(1.3) 9.4(1.4) 0.76
Ht(%) 29.9(5) 30.5(6.2) 29.1(4.2) 30(4.5) 0.74
WBC(x1000/mm3) 7.9(2.6) 7.7(2.8) 8.4(2.8) 7.8(2.2) 0.69
Plt(x1000/mm3) 234(112) 242(122) 230(114) 231(105) 0.94
Glucose(mg/dl) 135(60) 128(55) 141(63) 136(64) 0.83
Creatinin(mg/dl) 8.1(3.8) 9(4.06) 7.8(3.6) 7.4(2.9) 0.46
Urea(mg/dl) 151(68) 177(83) 142(54) 134(60) 0.14
RRF(ml/m") 7(3.6) 6.2(2.8) 7.3(3.8) 7.5(4.1) 0.55
Calcium(mg/dl) 8.5(1.07) 8.3(1.2) 8.6(0.98) 8.7(0.92) 0.53
Phosphate(mg/dl) 4.69(1.97) 5.43(2) 4.1(2) 4.4(1.6) 0.17
Anticoag/aggreg therapy(yes) 24(47) 8(47) 8(47) 8(47) 1
CVC permanent time(days) 29.2(20) 33.3(22) 33.4(19) 20.9(17) 0.12
Dialysis vintage(years) 7(5-14) 10(5.5-23) 6.5(1.7-12.7) 12(6-14) 0.39
Previous VA(ref BC) 34(66) 7(41.1) 14(82.3) 13(76.4) 0.02
Diabetes(yes) 20(39.2) 7(41.1) 6(35.29) 7(41.1) 0.92
Hypertension(yes) 45(88.2) 15(88.2) 15(88.2) 15(88.2) 1
Polyarterial disease(yes) 16(31.3) 6(35.2) 5(29.4) 5(29.4) 0.91
HF(yes) 12(23.5) 4(23.5) 5(29.4) 3(17.6) 0.71
CAD(yes) 13(25.4) 4(23.5) 5(29.5) 4(23.5) 0.9
AF(yes) 15(29.4) 5(29.4) 5(29.4) 5(29.4) 1
Malingnacy(yes) 12(23.5) 4(23.5) 4(23.5) 4(23.5) 1
VApreviousTHrombosis(yes) 10(19.6) 1(5.8) 4(23.3) 5(29.4) 0.15
Infection(%) 17(33) 5(29.4) 6(35.2) 6(35.2) 091
Thrombosis(%) 18(35.2) 8(47) 6(35.2) 4(23.5) 0.35
CVC insertion site(Ref [3-4]) 23(45.1) 5(29.4) 9(52.9) 9(52.9) 0.27
CVC insertion site(Ref [3]) 17(33.3) 4(23.5) 7(41.1) 6(35.2) 0.53
CVC insertion site(Ref [1]) 14(27.4) 9(52.9) 2(11.7) 3(17.6) 0.01
CVC insertion site(Ref [1,2]) 28(54.9) 12(70.5) 8(47) 8(47) 0.27
*Fischer exact test, Kruskal-Wallis test, F-test, where required
Panel A All-Pairs Comparisons for CVCsequence Panel B All-Pairs comparations of CVC time for CVC-type
MCT: Tukey-Kramer, Bounds: 95,0% SCl's MCT: Tukey-Kramer, Bounds: 95,0% SCl's
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Figure 1: Mean differences of CVC time by CVC sequence and CVC types.

Difference

1 (first CVC); 2( second CVC) ; 3 ( third CVC)

Difference

CVCitype1=right femoral type2=left femoral ; type3 =right giugular ; type 4 =left giugular ; * unadjusted P- value

Panel A : mean differences of cvc time by CVC sequence
PAnel B : mean differences of cvc time by cvc types
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Table 2: Predictive factors of CVC infection by Cox univariate analysis. The interaction between the CVC type (ref. 3-4) and the
Variables B-coefficient( SD) Hr (CI 95%) CVC resident time (log CVC time beta coefficient *AUC) (AUC
Age -0.009(0.01) 0.99(0.96-1.02) 0.55 10°, AUC 20°, AUC25°, AUC30°, AUC 40°, AUC 50°)) is not
Sex(male) 0.10(0.77) 110(024-502) | 089 significant for the infection outcome (Table 4).
BMI(weight/height,) 0.01(0.05) 1.01(0.90-1.13) 0.83
SPB(mmHg) -0.01(0.01) 0.98(0.96-1.01) | 038 At the Cox univariate analysis, the risk predictors for
DBP(mmHg) -0.01(0.02) 0.98(0.92-1.04) = 0.59 thrombosis/dysfunction are Sex (male) Hr 0.37(0.14-0.96)
Hb(gr/dl) -0.05(0.15) 0.94(0.69-1.29)  0.74 p = 0.04; SBP Hr 1.03(1.00-1.05) p = 0.004; CVC insertion
HE(%) -0.02(0.04) 0.99(0.90-1.09) | 0.95 site(ref 3-4) Hr 0.17(0.05-0.61) p = 0.006; CVC insertion
WBC(x1000/mms) 0-16(0.09) 117(098-140) | 007 site (ref1-2)5.67(1.63-19) p = 0.006; AUC30*log time beta
Plt(x1000/mmj) -0.000039(0.002) = 1.000(0.99-1.00) = 0.98 0.92(0.85-0.98) p = 0.01 (Table 5)
Glucose(mg/dl) -0.007(0.005) 0.99(0.98-1.003) | 0.15 ' ' ' ' ’
Creatinin(mg/dI) 0.09(0.05) 110(098-122) | 0.07 In Cox’s multivariate analysis, the following variables
Urea(mg/dl) 0.002(0.005) 1.00(0.99-1.01) 0.63
RRF(ml/m’ -0.10(-0.25 0.89(0.77-1.03 0.14
(ml/m’) ( ) ( ) Table 5: Predictive factors of CVC Thrombosis/dysfunction by Cox univariate analysis.
Calcium(mgy/dl) 0.51(0.33) 1.67(086-3.2) | 0.12 Variables B-coefficient(SD)  Hr (CI 95%)
Phosphate(mg/dl) 0.13(0.20) 115(0.76-1.72)) | 049 Age 0.03(0.002) 1.03(0.09-1.08) = 0.07
Anticoag/aggreg therapy(yes) -0.54(0.59) 0.58(0.18-1.86) 0.36 Sex(male) -0.98(0.48) 0.37(0.14-0.96) 0.04
Dialysis vintage(years) 0.03(0.02) 1.038(0.98-1.08) = 0.16 BMI(weight/height,) 0.0180.04) 1.01(0.92-1.11) | 0.80
Previous VA(ref BC ) 0.96(0.76) 2.61(0.58-11.17) = 0.20 SPB(mmHg) 0.03(0.01) 1.03(1.00-1.05) | 0.004
Diabetes(yes) -1.09(0.59) 033(0.10-1.06) | 0.06 DBP(mmHg) 0.03(0.02) 1.04(0.99-1.09) | 0.10
Hb(gr/dl -0.13(0.14 0.87(0.65-1.17) = 0.37
Hypertension(yes) -0.22(0.77) 0.80(0.17-3.66) | 0.77 (gr/dD (0.14) ( )
— Ht(%) -0.05(0.04) 0.94(0.85-1.03) = 0.24
Polyarterial disease(yes) -0.27(0.64) 0.75(0.21-2.70) 0.67 WBC(x1000/mms) 20.01(0.08) 0.99(0.84-1.18) 0.98
HE(yes) -0.64(0.65) 052(0.14-191) | 0.32 Plt(x1000/mms) 0.001(0.002) 1.00(0.99-1.00) | 0.39
CAD(yes) -1.25(1.03) 0.29(0.03-2.26) 0.24 Glucose(mg/dl) 0.002(0.003) 1.00(0.99-1.00) | 0.55
AF(yes) -0.42(0.58) 0.65(0.20-2.08) 047 Creatinin(mg/dl) -0.02(0.006) 0.97(0.85-1.10) | 0.65
Malingnacy( yes) -0.38(0.58) 0.67(0.21-2.15) 0.51 Urea(mg/dl) 0.0004(0.004) 1.00(0.99-1.00) 0.91
VApreviousTHrombosis(yes) 0.26(0.66) 1.3(0.35-4.7) 0.68 RRF(ml/m’) -0.04(0.06) 0.95(0.83-1.08) | 0.48
CVC insertion site(Ref [3,4]) -0.13(0.52) 087(0.31-24)  0.80 Calcium(mgy/dl) -039(0.24) 0.67(0.41-1.08) | 0.10
Phosphat dl 0.03(0.14 1.03(0.77-1.38) = 0.83
CVC insertion site(Ref [3]) -0.41(0.54) 0.65(0.22-1.89) | 0.43 osphate(meg/dl) (0.14) ( )
Anticoag/aggreg therapy(yes) 0.22(0.47) 1.25(0.49-3.16) 0.63
CVC insertion site(Ref [1]) 0.24(0.53) 1.27(0.45-3.6) 0.64 T
Dialysis vintage(years) -0.02(0.03) 0.97(0.91-1.03) 0.44
CVC insertion site(Ref [1,2]) 0.13(0.52) 1.14(0.40-3.19) | 0.80 Previous VA(ref BC) 10.02(0.03) 092(034-2469 087
AUC30*logTimeBeta -0.03(0.02) 0.94(0.86-1.01) | 0.24 Diabetes(yes) 0.16(0.47) 1.17(0.46-2.98) | 0.72
B/C/HIV positivity 0.65(0.55) 1.92(0.65-5.6) 0.23 Hypertension(yes) 0.19(0.75) 1.20(0.27-5.3) 0.80
polyarterial disease(yes) 0.06(0.53) 1.06(0.37-3.02) 0.90
Table 3: Predictive factors of CVC infection by Cox multivariate analysis. HF(yes) -0.64(0.63) 052(0.14-1.83) 031
Variables Regression coeff Hr (IC 95%) CAD(yes) 0-39(0.53) 148(0.52-4.19) 045
AF -0.52(0. 58(0.19-1. )
WBC 031 1.37 (1.02-1.83) 0.04 (ves) 0:52(0.56) 0.58(0.19-18) | 0.35
Malingnacy/(yes) -0.43(0.57) 0.64(0.21-1.09) 0.45
RRF -0.28 0.7521 (0.56-1.00) 0.05 : '
VApreviousTHrombosis(yes) 0.47(0.52) 1.61(0.57-4.5) 0.36
Glucose -0.01 09817 (0.95-1.00) 012 CVC insertion site(Ref [3,4]) -1.73(0.63) 0.17(0.05-0.61) | 0.006
* 1 - -
AUC30%logTimebeta 0.05 0.9441(0.83-1.06) | 0.34 CVC insertion site(Ref [3]) 1.13(0.63) 032(0.09-1.10) | 0.07
ca -0.43 0.65 (0.14-2.94) 0.58 CVC insertion site(Ref [1]) -0.11(0.52) 0.88(0.31-251) | 0.82
previous VA(ref BC) 1.45 4.2819 (0.52-35.05) 0.18 CVC insertion site(Ref [1,2]) 1.73(0.63) 5.67(1.63-19) | 0.006
B/C/HIVpositivity 1.66 5.2978(0.08-312) 0.42 AUC30*logTimeBeta -0.08(0.03) 0.92(0.85-0.98) | 0.01
Diabetes 2.27 9.7285(0.21 - 436) 0.24 B/C/HIV positivity -0.82(0.53) 0.43(0.15-1.24) | 0.12

Table 4: Relationship of the residence time variable with CVC infection by univariate and multivariate Cox analysis.

Univariate analysis Multivariate** interaction anlysis
Variables: Resident time Variables: Interactions
(AUC* CVC time beta coeff) HR(IC 95%) resident time* CVCtype(ref3-4) HR(IC 95%)
AUC 10° *CVC time beta coeff) 0.97(0.91-1.03) 0.36 (AUC 10° *CVC time beta coeff) *CVCtype(ref3-4) 1.12(0.85-1.47) 0.38
AUC 20° *CVC time beta coeff) 0.99(0.998-1.0003) 0.19 (AUC 20° *CVC time beta coeff) *CVCtype(ref3-4) 1.15(0.88-1.52) 0.28
AUC 25° *CVC time beta coeff) 0.97(0.91-1.03) 0.36 (AUC 25° *CVC time beta coeff) *CVCtype(ref3-4) 1.12(0.85-1.47) 0.38
AUC 30° *CVC time beta coeff) 0.96(0.89-1.03) 0.31 (AUC 30° *CVC time beta coeff) *CVCtype(ref3-4) 1.06(0.74-1.54) 0.72
AUC 40° *CVC time beta coeff) 0.92(0.83-1.02) 0.15 (AUC 40° *CVC time beta coeff) *CVCtype(ref3-4) 0.68(0.33-1.43) 0.32
AUC 50° *CVC time beta coeff) 0.91(0.81-1.03) 0.14 (AUC 50°* CVC time beta coeff) *CVCtype(ref3-4) 1.00(0.61-1.65) 0.97
**Adjusted for WBC , RRF
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resulted as predictors of thrombosis/dysfunction (Table 6):
Age 1.06 (1.00-1.13) p = 0.03; Calcium 0.44(0.25-0.77)
p = 0.004; CVC site insertion (ref 3-4) 0.08 (0.01-0.42)
p=0.002.The interaction between CVCresident time and CVC
site insertion (Ref 3-4) is a predictive factor of thrombosis/
dysfunction for AUC10° up to AUC 30°. It is not for AUC 40°
and AUC 50°. (Table 7) (Figure 2).

The average time CVCs calculation at the 30 percentile
is 14 days.

By Kaplan-Meier analysis, thrombosis/temporary CVC
dysfunction was independently and indirectly related to CVC
site insertion (ref3-4) (Figure 3). The rate of thrombosis/
dysfunction is 3(16,6%) vs. 15 (83,3) in upper CVC vs. lower
CVC respectively (HR 0,06 (0,01-0,30). This relationship is
significant for time on the abscissa (CVC time beta coefficient
*AUC) from AUC10° to AUC 30°. For AUC 40° and AUC 50°,
the advantage of upper CVCs compared to the outcome
(thrombosis/dysfunction) is lost (Figure 2). By Kaplan-Meier
analysis, infection outcome was not significantly related to
CVC site insertion (ref 3-4) over the same time range (CVC
time beta coefficient * AUC 10° through AUC 30°) (Figure 4).

Discussion

From our study, the CVC time appears to be different
for CVC’s site insertion and sequence (Figure 1). From the
analysis of multivariate joint models, CVC resident time
appears not to be significant for infection, but heterogenicity
for the insertion site (ref3-4=upper site) is significant for
the outcome of thrombosis/dysfunction (Table 7). From the
study of survival analysis, the free survival from outcome by
CVC site insertion appears to be significant for thrombosis/
dysfunction. The average time of CVCs’ calculation at the 30™
percentile is 14 days(cut-off).

In hemodialysis patients, the temporary CVC is a useful
tool [7-9]. In late referral and/or AKI patients, immediate

Table 6: Predictive factors of CVC thrombosis/dysfunction by Cox multivariate analysis.

Variables Regression coeff Hr(IC 95%)
Age 0.064 1.0664(1.00-1.13) 0.0371
Ca -0.804 0.4475(0.25-0.77) 0.004
auc30*logtimebeta -0.037 0.9639(0.88-1.05) 0.4071
(CVCREF34 =1) .2.520 0.0805(0.01-0.42) 0.0028

vascular access allows the start of hemodialysis treatment
with immediate restoration of acid-base and electrolyte,
metabolic, and volume balance. In most patients on
hemodialysis (early referral), temporary CVC is often
warranted as bridge therapy due to acute or subacute
permanent vascular access (AVF, AV GRAFT) events:
thrombosis/dysfunction, infection, decreased patency,
aneurysmal dilatation, stenosis, venipuncture complications,
until resolution of the primary vascular access event. The
K-DOQI 2019 guidelines indicate the priority of vascular
accesses in line with the patient’s ESKD life plan [10].
Permanent vascular access (AVF, AV graft) correlates with
longer survival in hemodialysis patients (35% reduction
in mortality rate in the AVF; 18% reduction in mortality
rate in the AVG) vs. tunneled CVC and CVC temporary [11].
Nonetheless, temporary CVCs (NTHC) are burdened by a
high incidence of a catheter-related infection (CRI) and a CVC
lumen thrombosis (intrinsic thrombosis within the catheter
lumen or formation of a fibrin sheath or extrinsic thrombosis
encasing the catheter) [7]. These outcomes may be related to
the site of CVC insertion. In the Cathedia study [12], Dugue,
et al. analyzed 134 patients who underwent two different
catheterization sites, 57 and 77 of whom were initially
randomized in the femoral and jugular sites, respectively.
Time to catheter-tip colonization at removal was not
significantly different between the two sites of insertion
(median, 14 days in both groups; hazard ratio 0.99; 95%
confidence interval, 0.61-1.59; p = 0.96), as well as time to
dysfunction (HR 1.20 (0.74-1.95)). Kidney Disease Outcomes
Quality Initiative guidelines (2006 update) for vascular
access suggest that NTHCs should not be used for more than
one week at the internal jugular vein (I]) or subclavian vein
(SC) sites and a maximum of 5 days at the femoral site [13].
This recommendation was based on a study by Weijmer
MC, et al. showed significantly higher infection rates for
patients initiating hemodialysis with NTHCs compared with
tunneled HD catheters and an exponential increase in the
risk of infection after one week for NTHCs [14]. Centers for
Disease Control and Prevention guidelines 2013 suggest that
tunneled catheters be considered if dialysis access is expected
to be required for more than three weeks [15]. KDOQI (2019)
considers it reasonable in valid clinical circumstances to use
tunneled CVCs for short-term or long-term durations for
incident patients, as follows (Expert Opinion). For Short-

Univariate analysis
Variables: Resident time

(AUC* CVC time beta coeff)

HR(IC 95%)

Table 7: Relationship of the residence time variable with CVC thrombosis/dysfunction by univariate and multivariate Cox analysis.

Multivariate** interaction anlysis
Variables: Interactions

resident time* CVCtype(ref3-4) HR(IC 95%)

AUC 10° *CVC time beta coeff) 0.91(0.85-0.97) 0,005 (AUC 10° *CVC time beta coeff) *CVCtype(ref3-4) 0.70(0.53-0.93) 0.01
AUC 20° *CVC time beta coeff) 0.91(0.85-0.96) 0.003 (AUC 20° *CVC time beta coeff) *CVCtype(ref3-4) 0.73(0.56-0.97) 0.03
AUC 25° *CVC time beta coeff) 0.91(0.85-0.97) 0,005 (AUC 25° *CVC time beta coeff) *CVCtype(ref3-4) 0.71(0.53-0.94) 0.01
AUC 30° *CVC time beta coeff) 0.92(0.85-0.98) 0.001 (AUC 30° *CVC time beta coeff) *CVCtype(ref3-4) 0.68(0.48-0.97) 0.03
AUC 40° *CVC time beta coeff) 0.96(0.88-1.04) 035 (AUC 40° *CVC time beta coeff) *CVCtype(ref3-4) 0.66(0.37-1.18) 0.16
AUC 50° *CVC time beta coeff) 1.01(0.94-1.09) 0.65 (AUC 50° *CVC time beta coeff) *CVCtype(ref3-4) 0.71(0.37-1.34) 0.28

**Adjusted for age , Calcium
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Figure 2: Risk ratios of thrombosis/dysfunction by Cox analysis for interactions between AUC*beta coefficient (CVC resident time) and CVC type (ref3-4) at different

levels of AUC (percentiles).
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Figure 3: Thrombosis/dysfunction-free survival by CVC site insertion [3,4].
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Figure 4: Infection-free survival by CVC site insertion [3,4].

term duration, which is the object of our discussion, the
indications are: 1) AVF or AVG created but not ready for
use and dialysis is required, 2)acute transplant rejection or
other complications requiring dialysis, 3)PD patient with
complications that require time-limited peritoneal rest or
resolution of complication (e.g., pleural leak), 4) patient has
a living donor transplant confirmed with an operation date
shortly (e.g.,, < 90 days) but requires dialysis, 5) AVF or AVG
complication such as major infiltration injury or cellulitis that
results in temporary nonuse until the problem is resolved.
This is to limit infection risk and thrombosis /dysfunction
without high-level evidence. An RCT of Klouche, et al.
that included 34 patients with AKI who required incident
dialysis randomized them to receive femoral NTHCs versus
tunneled femoral HD catheters [7]. This study found fewer
infections and better catheter function but more hematomas
and longer insertion times for those assigned to receive
a tunneled catheter. Weijmer and Klouce’s studies [6,7]
focus on optimal timing for replacing NTHC or for switching
from an NTHC to a tunneled HD catheter when the need for
dialysis continues over time. The difficulty in establishing
the timing is determined by the lack of a CVC permanence
time cut-off that identifies a significant likelihood of infection
and thrombosis/dysfunction in prospective studies. Our
work examined two outcomes: infection and Thrombosis/

https://doi.org/10.29328/journal.jcn.1001122

dysfunction. We found no differences in the incidence rate of
infection between Upper CVC and lower CVC. Our results are
like the CATHEDIA study [12]. We found a higher incidence of
thrombosis/dysfunction in lower NTHC than in upper NTHC.
The following studies came to the same result. Trottier, et al.
found a higher incidence of thrombosis in NTHC femoral vs.
jugular and subclavian (25% for femoral vs. 0% for jugular
and subclavian sites) [16]. Merrer, et al. found a higher
incidence of thrombosis/dysfunction in lower NTHC (21%
for femoral vs. 2% for the subclavian site) [14].

The limitations of our study are determined by sample
size, bias by indication, and unconsidered confounding
variables. Possible selection bias and sample size did not
allow controlling for BMI heterogeneity, a relationship that
is instead consolidated in Parienti’s study and CATHEDIA
STUDY. Parienti J], et al. demonstrated that the risk of CLABSI
may be lower in patients with femoral NTHCs if BMI is < 24.2
and for I] NTHCs if the BMI > 28.4 according to a pre-specified
analysis from the Cathedia Study based on the lowest and
highest BMI tertiles of included patients [9]. Our study has the
advantage of having selected patients with three consecutive
NTHCs. The use of the marginal model made it possible to
reduce the variance of NTHC time in the CVC sequence and
the identification of a Beta coefficient for each patient, which
was introduced together with the AUC of the CVC time in a
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variable that summarizes a cumulative CVC time in the single
individual (residence time NTHC). Using the AUC time of
NTHC at different baseline time percentiles has allowed the
identification of an NTHC time cut-off which is informed by
the recommendation of the DOQI 2019 guidelines [10].

Conclusion

In conclusion, our study demonstrated that the NTHC
residencetimeisconsiderednottobeariskfactorforinfection,
but it represents a risk factor for lower access thrombosis.
This relationship is time-limited. The identification of a
cut-off time of 14 days has shown that, after this time, the
advantage of the higher NTHCs is lost. The extent of this cut-
off complies with the recommendations of the 2019 K-DOKI
guidelines.
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