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Autologous arteriovenous fistulas (AVF) are 
recommended as the optimal dialysis access for hemodialysis 
patients.1 However, permanent hemodialysis tunneled cuffed 
catheters (TCC) are applied as crucial vascular access with 
major complications of thrombosis and catheter-related 
infection in approximately 20%-40% of the maintenance 
hemodialysis (MHD) patients due to the extended life 
expectancy, increased metabolic diseases, and decreased 
vascular resources for AVF.2,3 Research has shown that 
approximately 50% of hemodialysis catheters fail within the 
first year, and up to two-thirds of the failures are accounts of 

thrombosis.3 Moreover, as one of the most feared 
consequences of hemodialysis catheter use due to its 
associated higher mortality,4 the incidence rate of catheter-
related infection ranges from 0.67 to 2.7 per 1000 catheter 
days.3 Various solutions such as heparin, citrate, recombinant 
tissue plasminogen activator (rt-PA), antibiotics, and other 
drugs were instilled into the central venous catheter (CVC) 
lumens after each hemodialysis session and left in the 
catheter until the next session (catheter locking solution) to 
decrease the risk of catheter malfunction and bacteremia in 
MHD patients,5 yet the efficacy, health care economy, and 
adverse effects are still controversial. Numerous pieces of 
evidence have attested the use of urokinase as a catheter-
locking solution could prevent thrombosis and catheter-
related infection in critically ill patients and those with 
cancer.6,7 In this study, we aimed to explore the preventive 
effects of hemodialysis catheter malfunction and catheter-
related infection of TCC with and without urokinase in 
catheter locking solution.

ABSTRACT
Objective • To evaluate the effectiveness of urokinase and 
heparin in preventing catheter infection and dysfunction 
in permanent hemodialysis tunneled cuffed catheters. 
Methods • We randomized 153 cases of maintenance 
hemodialysis patients with newly implanted permanent 
hemodialysis tunneled cannula catheters from November 
2018 to November 2021 for this single-center prospective 
randomized controlled trial The eligible patients were given 
one of two treatment plans: Patients in the control group 
(73 patients) were given heparin (6260 U/mL)three times a 
week after hemodialysis. The intervention group (80 cases) 
was administered urokinase(25000 U/mL) on the basis of 
heparin. After six months of maintenance hemodialysis 
with the above sealing protocols, the primary result was the 
frequency of catheter malfunction, and the secondary 
outcome was the frequency of catheter-associated infection.
Results • In the final analysis of 153 patients, catheter 
malfunctions occurred in 29 of the 80 patients assigned to  

heparin alone, with an incidence of 36.3%, and 16 of the 
73 subjects assigned to urokinase combined with heparin, 
with a rate of 21.9%. This represents an almost 2-fold 
increase in the risk of catheter malfunction among patients 
treated with heparin alone as compared to those treated 
with urokinase once weekly (hazard ratio, 1.85; 13 patients 
(16.3%) allocated to heparin alone experienced catheter-
related bacteremia, compared to 4 patients (5.5%) assigned 
to urokinase (hazard ratio, 2.79; 95%CI, 1.08 to 7.22;  
P = .03). Baseline levels, and adverse events, including 
bleeding incidents, did not statistically differ between the 
two groups.
Conclusion • Urokinase can be used as a secondary 
prevention drug for long-term catheter malfunction and 
infection based on its cheapness, efficacy, and safety, 
which can effectively save medical costs, and its sealing 
protocol is simple and suitable for promotion. (Altern Ther 
Health Med. 2024;30(10):218-224).
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Catheter malfunction was defined referred to Chinese 
Hospital Association’s Blood Access Branch8 by either: 1) a 
peak blood flow of 200 ml/min or less during two consecutive 
dialysis sessions, or, 2) when the blood  flow  rate of higher 
than 200 ml/min, arterial pressure of less than -250 mmHg, 
and/or venous pressure greater than 250 mmHg, or, 3) when 
dialysis prescription completed adequately, dialyzer used 
reasonably and normally, Kt/v decreases rapidly, and Kt/V 
less than 1.2 for 2 consecutive dialysis sessions, or inability to 
initiate dialysis with insufficient blood flow.9

Catheter-related bacteremia (CRB), the secondary 
outcome, met at least one of the conditions according to the 
Chinese Medical Association’s Critical Medicine Branch10, as 
outlined in Table 2, both “definite” and “probable” infections 
were constituted.

Start event, end event, and truncation value12 
Start event: the patients were followed from trial entry 

when they underwent 3 consecutive successful hemodialysis 
sessions (mean blood flow ≥250 ml/min during each 
treatment) after the insertion of catheters, with heparin used 
as a locking solution.

METHODS
Study population

Eligible MHD patients with a newly inserted permanent 
hemodialysis TCC were recruited from November 2018 to 
November 2021, this experiment adopted a double-blind 
experimental design, and no member of the research group 
knew the difference between the two groups of drugs during 
the experimental process and analysis results. This study has 
been approved by the Ethics Committee of our institution. 
Inclusion and exclusion criteria are outlined in Table 1.

Screening
300 patients were recruited, and 170 cases were screened 

in the study program. According to the principle of simple 
randomization, odd-numbered patients were allocated to the 
control group and even-numbered patients were assigned to 
the intervention group. The eligible participants were randomly 
allocated into two groups by a 1:1 ratio according to the 
centralized computerized service, and the screening results 
were analyzed in the following process (as shown in Figure 1).

Surgical operation and dialysis schedule
Preoperative  health status as well as perioperative  results 

were adequately assessed before the operation. All the permanent 
hemodialysis TCCs were placed in the right jugular internal vein 
under ultrasound guidance using the Seldinger technique. 
Before the start of the experiment, the inserted catheters were 
checked for patency, and chest films were obtained to determine 
whether the positions of the catheter tip positions were 
appropriate. Patients underwent hemodialysis on alternating 
days: Monday, Wednesday, and Friday or Tuesday, Thursday, 
and Saturday. After a hemodialysis session, the catheter lumens 
were flushed with  10 milliliter (ml) saline by a 20 ml syringe, 
and the vascular clamps were clamped, each catheter was 
subsequently instilled in locking solutions according to the usual 
standard by a 5 ml syringe. The sealing procedure was prepared 
and administered by 5 assigned hemodialysis nurses randomly. 

Study medication allocation
Patients allocated to the control group received heparin 

(Jiangsu Wanbang Biopharmaceutical Co., Ltd., State Drug 
Administration H32020612) locks (6250 U/ml) as the locking 
solution after each hemodialysis session of the week, while the 
intervention group received urokinase (Tianjin Biochemical 
Pharmaceutical Co., Ltd., State Drug Administration 
H12020492) (25000U/ml) combined with heparin (6250 U/ml) 
once a week, at the midweek session, and heparin (6250 U/ml) 
used as locking solution for the other two dialysis sessions that 
week. Each catheter lock was instilled into the TCC lumen at a 
volume equivalent to the dead space of the TCC.

Outcomes definition 
The primary outcome was catheter malfunction, and the 

secondary outcome was catheter-related bacteremia, other 
outcomes included catheter survival, adverse events as well as 
censored value. 

Table 1. Study inclusion and exclusion criteria

Inclusion criteria Exclusion criteria
End-stage renal disease patients with newly 
inserted permanent hemodialysis TCC.

 Use of systemic anticoagulation for other 
comorbidities.

Expected to use the catheter and dialyze at the 
study center for at least six months.

Insertion of a new permanent catheter into the 
femoral vein.

The catheter was placed via the right internal 
jugular vein.

Intra-cranial bleed in the previous 4 weeks.

Frequency of hemodialysis 3 times per week.  Severe thrombocytopenia with spontaneous 
hemorrhage risk.

Patients who replaced catheters due to catheter-
related infections will be eligible if they have 
completed antibiotic  treatment and remained 
bacteremia-free for 3 hemodialysis sessions.

Major bleeding in the prior 4 weeks, defined as a 
drop in hemoglobin level greater than 
 20 g/L, a need for transfusion of packed red blood 
cells with clinical evidence or suspicion of bleeding.

Patients who have had their catheters removed 
due to catheter malfunction, recatheterization 
should be performed under vascular intervention 
to ensure that the newly inserted catheter is not 
covered by the fibrous sheath of the former 
catheter.

Patients with coagulation disorders/ uremic 
pericarditis are defined by the presence of long-
term use of anti-blood platelet accumulation 
medicine/ pericardial rub.

Baseline INR ≤ 1.3. Intra-cranial or intra-spinal neoplasm in the past 
or at present.

Baseline platelet count ≥ 60 × 109/L. Weight ≤ 30 kg.
Hemoglobin count < 130 g/L. Presence of a fever as defined by a temperature > 

37.3°C. 
Patients or their legally authorized representatives 
must be able to understand and sign the 
informed consent form, able and willing to 
participate in the study according to the study 
protocol.

Allergy or intolerance to urokinase or heparin or its 
constituents, and those who had a prior history of 
heparin-induced thrombocytopenia.

Patients pregnant or lactating, and premenopausal 
who were not using reliable forms of contraception.
Patients who inserted catheters during active 
bacteremia.
Major surgery in the past 48 hours, or scheduled 
for major surgery during the study period.

Figure 1. Subject grouping flowchart
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2-fold higher risk  in the  heparin  group (hazard  ratio, 1.85; 
95% confidence interval [CI], 1.03-3.33; P = .039). In patients 
in whom the primary outcome occurred, catheter fracture 
and abnormal position were ruled out by catheter angiography, 
and immediate treatment was given. The treatment plan was 
catheter reversal, pressure suctioning of the catheter and 
saline flushing, and continued follow-up of catheter-
associated blood flow infection after catheter flow was 
restored. In patients with catheter malfunction, 23 cases 
(51.1%) were consistent with recurrent arterial pressure less 

End event: The follow-up period was six months, end 
events were the occurrence of catheter malfunction and CRB. 
If catheter malfunction could continue to be used normally 
after treatment, CRB could be continued to follow up, but 
catheter malfunction would not be recorded. When CRB is 
cured by nephrologists and functions normally during 3 
consecutive hemodialysis sessions, the catheter malfunction 
could continue to be followed up, no longer follow up CRB.

Truncation value: patients were withdrawn from the 
study at the following points when either: 1) the occurrence 
of major bleeding events (described in the exclusion criteria),  
2) the removal of catheter attributing to catheter-related 
infection was considered as truncation value for CRB, or 3) 
removal of catheter attributing to catheter malfunction was 
considered as truncation value for CRB or 4) death or lost to 
follow up.

Statistical analysis
GraphPad Prism version 5 software was used to analyze 

the data, and Kaplan-Meier was applied to estimate the 
survival curves of the primary outcome and secondary 
outcome, with a two-sided log-rank test. The measurement 
data conforming to normal distribution were expressed as 
mean ± standard deviation (x̅ ± s), t test was used to compare 
the two groups. The count data were expressed as the number 
of cases (%), and the difference between groups was compared 
using the chi-squared test or Fisher’s exact test. A two-tailed 
P < .05 was set as statistically significant.

RESULTS
Study population

There was no statistical significance between the two 
groups in terms of gender, age, primary disease, complications, 
medication use, previous central venous cannulation, or 
other baseline characteristics (P > .05), and the data were 
comparable (see Table 3).

Primary outcome
The final analysis included 153 patients. Catheter 

malfunction occurred in 29 of 80 patients assigned to 
heparin group with an incidence of 36.3%, which was 
significantly higher compared with 16 of 73 patients (21.9%) 
in the urokinase combined with heparin  group, an almost 

Table 2. Definitions for CRB

Definite CRB11 Probable CRB11

Positive semi-quantitative catheter 
culture (≥15 CFU per catheter segment), or, 
positive quantitative catheter culture (≥1000 
CFU per catheter segment), with positive 
peripheral venous blood culture e the same 
microorganism as the catheter segment, or 
Quantitative blood culture from both catheter 
and peripheral vein with a colony count ratio 
(catheter blood: peripheral blood) ≥ 5:1, or 
Qualitative blood culture from CVC and 
peripheral vein simultaneously, positive 
blood culture from CVC appeared at least 2 
hours earlier than positive peripheral blood 
culture, or Pyogenic fluids culture from 
peripheral blood and the catheter outlet were 
both positive for the same strain of 
microorganism 

With clinical signs of severe infection and 
positive (semi) quantitative blood culture from 
catheter tip or catheter segment, meanwhile with a 
negative blood culture and absence of  evidence of 
other infections and symptom improvement 
occurred within 48 hours of  catheter removal 
without the treatment of new antibiotics, or With 
bacteremia or fungemia suffered from clinical 
manifestations such as fever, chills, and/or 
hypotension, and at least two positive blood cultures, 
one of which was derived from peripheral blood. The 
two blood cultures resulted in the same strain of 
cutaneous commensal bacteria (e.g., diphtheria-like 
bacteria, Bacillus, Propionibacterium, coagulase-
negative staphylococci, micrococci, and Candida, 
etc.), but negative catheter segment cultures and no 
other source of blood-related infection to be found. 

Table 3. Comparison of baseline characteristics between the 
two groups

Characteristics
Urokinase group

(n = 80)
Heparin group

(n = 73)
Female sex-n (%) 42 (52.5) 36 (49.3)
Age-yr (mean ± SD) 60.4±12.8 61.4±13.5
First dialysis access situation (n, %)
  Starting without an internal fistula 43 (53.7) 38 (52.1)
  Failure of the fistula or access or waiting for the fistula to mature 14 (17.5) 13 (17.8)
  Switch from peritoneal dialysis to hemodialysis 14 (17.5) 12 (16.4)
  Kidney graft failure 2 (2.5) 1 (1.4)
  Other reasons 7 (8.8) 9 (12.3)
Primary disease (n, %)
  Glomerulonephritis 38 (47.5) 34 (46.6)
  Hypertensive nephropathy  9 (11.3) 7 (9.6)
  Diabetic nephropathy 18 (22.5) 17 (23.3)
  Polycystic kidney 3 (3.8) 2 (2.7)
  Gouty nephropathy 2 (2.5) 3 (4.1)
  Lupus nephritis 5 (6.3) 4 (5.5)
  ANCA - associated nephritis 2 (2.5) 3 (4.1)
  Myeloma–associated renal injury 2 (2.5) 1 (1.4)
  Others (1.3) 2(2.7)
Past medical history (n, %)
  Coronary heart disease 38 (47.5) 34 (46.6)
  Heart failure 32 (40.0) 30 (41.1)
  Cerebrovascular disease 18 (22.5) 17 (23.3)
  Diabetes 31 (38.8) 28 (38.4)
  Hypertension 64 (80.0) 59 (80.8)
  Aortic dissection 5 (6.3) 3 (4.1)
  History of gastrointestinal bleeding 6 (7.5) 5 (6.8)
  History of deep vein thrombosis or pulmonary embolism 4 (5.0) 3 (4.1)
  Malignant tumors 5 (6.3) 3(4.1)
Medication status (n, %)
  Asprin 38 (47.5) 34 (46.6)
  Other anti-platelet drugs 9 (11.3) 7 (9.6)
  Lipid-lowering drugs 18 (22.5) 17 (23.3)
  Chinese herbal medicine and proprietary Chinese medicine 3 (3.8) 2 (2.7)
  Glucocorticoids or immunosuppressants 2 (2.5) 3 (4.1)
  Erythropoietin 18 (22.5) 18 (21.9)
Biochemical indexes
  Hemoglobin 93.2±13.8 93.2±13.0
  Albumin 32.7±4.2 31.9±3.7
  Blood platelet 201.8±64.7 210.7±68.9
  International Normalized Ratio 0.98±0.14 0.98±0.12
  D-Dimer 0.76±0.27 0.75±0.38

Figure 2. Primary outcome analysis chart
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Secondary outcome
Catheter-associated infections occurred in 13 of 80 

patients in the heparin-sealed group, with an incidence of 
16.3%, while catheter-associated infections occurred in 4 of 
73 patients in the urokinase combined with the heparin-
sealed group, with an incidence of 5.5%. The risk of catheter-
associated infections in the heparin-sealed group was 2.79 
times higher than that of heparin combined with urokinase, 
with a risk ratio of 2.79 (95% CI,1.08-7.22), P = .03. Due to 
catheter-associated bloodstream infection, the catheter was 
removed in three patients, including two in the heparin 
group and one in the heparin combined with urokinase 
group, and the remaining patients were cured with normal 
hemodialysis function for three consecutive sessions and 
continued to be followed up for catheter malfunction.

Adverse events
There was no significant difference in the incidence of 

adverse reactions between the two groups. In the heparin 
group, a total of four patients died, including one patient who 
died of cerebral hemorrhage, one who died of myocardial 
infarction, one who died of multiple tumor metastases, and 
one who died of abdominal infection. In the urokinase 
combined with the heparin group, one patient died of 
myocardial infarction, one patient died of pulmonary 
infection, and one patient died of uremic complications, 
results can be seen in table 4.

Hemodialysis adequacy
The Kt/V of the enrolled patients all met the standard, 

and there was no statistical significance between the two 
groups (P = .16). The last Kt/V was the Kt/V of the last 
dialysis at the end of the patient’s follow-up, and in one case 
in the heparin group, the patient’s blood flow could not be 
restored after treatment because he could not start dialysis, 
and the Kt/V recorded was the Kt/V value of the previous 
dialysis, and the statistical results suggested that the Kt/V of 
the urokinase group was higher than that of the heparin 
group (P = .04). During the experiment by real-time detection 
of Kt/V, two patients in each group had normal blood flow 
and pressure, but Kt/V decreased significantly, suggesting a 
poor catheter function, as seen in Figure 4.

Health care economics
The price of urokinase is ¥135(2018-2019), while the 

price of alteplase is ¥1770.2(2018-2019), and the medical cost 
of using urokinase to seal the tube is much lower than that of 
alteplase. Patients in the urokinase group in this experiment 
added urokinase to seal the tube after the second weekly 
dialysis, the average weekly dialysis sealing cost was ¥135 
more than the heparin group, and the six-month sealing cost 
was ¥3471.4 more, but among the follow-up costs associated 
with the management of complications in patients if catheter-
related infections and catheter dysfunction occurred, the cost 
of catheter-related bloodstream infections was ¥32,227.2 
according to the China DRGS. The cost of catheter 

than -250 mmHg and/or venous pressure greater than 250 
mmHg at a blood pump flow rate of 200 ml/min; 11 cases 
(24.4%) because the average blood flow on two consecutive 
dialysis sessions was less than or equal to 250 ml/min; 7 cases 
(15.6%) because they were unable to initiate dialysis; 4 cases 
( 8.9%) with Kt/v less than 1.2. The analysis results are shown 
in Figure 2. 

Figure 3. Secondary outcome analysis chart

Table 4. Comparison of the occurrence of adverse events 
between the two groups

Adverse events
Urokinase group

(n = 80)
Heparin group

(n = 73) P value
Bleeding events(%) .74
  Minor bleeding 6 (7.5) 5 (6.8)
  Clinically significant but not severe Bleeding 2 (2.5) 3 (4.1)
  Severe bleeding 2 (2.5) 2 (2.7)
  Hemorrhage leading to death  1 (1.3) 0 (0.00)
Inpatient treatment 14 (17.5) 13 (17.8) .81
  Acute coronary syndrome 14 (17.5) 12 (16.4)
  Heart failure 2 (2.5) 1 (1.4)
  Arrhythmia 7 (8.8) 9 (12.3)
  Cerebral infarction(%)
  Non-catheter-associated infections 38 (47.5) 34 (46.6)
  Catheter-associated infections 9 (11.3) 7 (9.6)
  Bleeding 18 (22.5) 17 (23.3)
  Others 3 (3.8) 2 (2.7)
Deaths 2 (2.5) 3 (4.1) .83
  myocardial infarction 5 (6.3) 4 (5.5)
  Bleeding-related deaths 2 (2.5) 3 (4.1)
  Infection-related deaths 2 (2.5) 1 (1.4)
  Others (1.3) 2(2.7)

Figure 4. Comparison of two hemodialysis groups
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related fibrin sheaths. Moreover, in rat models, transient 
bacteremia of S. aureus-induced NETs in enlarged fibrin 
sheaths, and bacteremia could be an initial factor that 
induces NET-related immune thrombosis enhancing 
catheter-related CVS.18 Meanwhile, multiple logistic 
regression analysis showed that moderate and severe CVS 
were independent risk factors for catheter microbial 
colonization, and hemodynamic alterations may affect 
bacterial colonization, such that local luminal stenosis may 
lead to reduced blood flow or even blood flow arrest, 
resulting in microbial colonization of the catheter.19 Hence, 
bacteremia and fibrin sheaths are reciprocal  causations in 
catheter dysfunction and sepsis, catheter-related thrombosis 
and fibrin sheath formation lead to CVS and biofilm 
formation, while the biofilm generated during catheter 
infection can cause secondary thrombosis, solutions are 
urgent need to maintain catheter function and prevent CRB.

Fluid sealing is a crucial step in preventing catheter 
malfunction. By directly activating fibrinogen in thrombotic 
substances and lysing fibrin sheaths, thrombus, and bacterial 
biofilms, thrombolytic medicines have been proven to 
increase catheter patency, restore the patency of hemodialysis 
catheters, and lower infection rates.

In a multicenter, randomized, double-blind controlled 
study, Brenda R et al divided 225 patients undergoing thrice per 
week dialysis applying CVC into a heparin group and an rt-PA 
group for dialysis tubing closure.20 The results revealed that the 
rt-PA group had a significantly lower rate of catheter embolization 
and catheter-related infections than the heparin group. The use 
of weekly rt-PA sealing lowers the incidence of malfunction, 
according to the findings of several additional research.21,22 By 
attaching to fibrin via its lysine residues and promoting the 
transformation of endogenous fibrinogen into fibrinolytic 
enzymes, rt-PA exerts its antithrombotic activity.23 While costly, 
we utilized urokinase and heparin to seal the tubing after dialysis 
instead of using rt-PA, which is more expensive. Urokinase is a 
trypsin-like serine protein hydrolase that is derived from human 
urine and has properties that are comparable to those of rt-PA. 
Urokinase directly activates fibrinogen, destroys fibrin and 
fibrinogen, prevents thrombus growth, as well as dissolves 
thrombus, the outcomes of our studies support the effectiveness 
of this article.24 It is derived from urine, has a high degree of 
biocompatibility, a short half-life, is primarily processed by the 
liver, and is appropriate for MHD patients. Al-Ali Fadwa et al 
compared the newly developed taurolidine citrate/urokinase 
(Taurolock/U) sealing solution to the currently employed 
taurolidine citrate/hep solution and assessed its safety and 
effectiveness, they discovered that only the heparin group 
experienced recurrent acute catheter thrombosis and even 
catheter replacement, while the urokinase group did not suffer 
from this problem and required significantly fewer rt-PA 
interventions.25 In a multicenter, double-blind, randomized 
study, Florence Bonkain et al found that urokinase had a 
preventive effect on catheter malfunction and that there was a 
50% decrease in the rate of thrombosis-related catheter 
malfunction in the 25 000 U/ml urokinase combined with 4% 

replacement for catheter dysfunction was ¥18,463.5, and 
higher if the catheter replacement was performed under 
intervention.

DISCUSSION
Vascular access is a prerequisite for hemodialysis, and 

the quality of vascular access directly determines the quality 
of dialysis and affects the survival time of patients.AVF is 
recommended as the first choice of vascular access for MHD 
patients because of its long duration of use and fewer 
complications.TCC is used for patients with poor vascular 
conditions, endovascular fistula occlusion, or cardiac 
insufficiency who are unable to choose an arteriovenous 
fistula as their vascular access for dialysis . And with the 
aggravation of population aging and the increase in the 
incidence of various chronic diseases, the use of TCC is 
gradually increasing trend.

In our study, the appliance of urokinase as a locking 
solution once a week (and heparin the other two times) 
significantly reduces the incidence of catheter malfunction 
and CRB in patients with newly placed hemodialysis 
catheters, higher final dialysis KT/V, lower medical costs, and 
no increase in the frequency of bleeding or other serious 
adverse events compared with the use of heparin three times 
a week to seal catheters.

KDIGO guidelines recommend that for hemodialysis 
patients, vascular access is preferred to an autologous 
arteriovenous endovascular fistula, followed by an artificial 
vascular endovascular fistula, with a central venous catheter 
being the last option, yet for many patients, a central venous 
catheter may be the last lifeline. After long-term catheter 
placement with tunneling, the main causes of catheter 
malfunction are intracatheter thrombosis, fibrous sheath 
formation, central venous stenosis, and or occlusion after 
excluding secondary factors such as abnormal catheter 
position and catheter folding. The decrease in blood flow 
after the occurrence of catheter malfunction, the increase in 
recirculation due to catheter reversal, and the shortening of 
dialysis time due to the cessation of dialysis treatment 
catheter make patients’ dialysis adequacy decrease and 
complications and mortality increase significantly, and how 
to detect and intervene early in catheter malfunction is a 
major challenge in dialysis access management.13

The common cause of CRB may include the colonization 
of skin and catheter tip, contamination of the lumen, as well 
as hematogenous seeding from the other sites of the body. 
14,15In clinical practice, luminal thrombus, luminal biofilm, 
fibrous sheath, and central venous stenosis(CVS) are often 
found when removing malfunctioning catheters or infected 
long-term tunneled catheters. Studies have shown that 
venous catheter-associated thrombosis can lead to CVS, and 
thrombosis and fibrin also promote biofilm formation, which 
increases the risk of CRB.16,17 Chen et al have detected 
neutrophil extracellular traps (NETs) in the fibrin sheaths of 
dialysis patients without clinical manifestations of infection, 
and NETs play a crucial role in the formation of catheter-
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to review objective data to assess whether catheter dysfunction 
is occurring, but currently, our center is not well-equipped to 
do so.

Blood flow and pressure are mainly used as judgment 
indicators when preceding standards describe catheter 
malfunction, nevertheless, if there is significant recirculation, 
blood flow and pressure as clearance indicators may be 
deceptive. The equipment was observed online in real time 
and discovered a substantial decrease in Kt/V in the 4 
participants in this trial who had no distinctive anomalies in 
mean blood flow or pressure. We considered that there might 
be other catheter malfunctions that pressure or flow alarms 
might not be able to detect, and this could be a helpful 
addition to identifying catheter malfunction by catheter 
blood flow and pressure.

Overall, we believe that urokinase can be used as a 
secondary prevention drug for long-term catheter 
malfunction and infection based on its cheapness, efficacy, 
and safety, which can effectively save medical costs, and that 
its sealing protocol is simple and suitable for promotion.
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