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SUMMARY
Introduction/Objective Thrombosis of hemodialysis catheters is one of the major complications, which 
leads to catheter dysfunction. Although tissue plasminogen activator has been proven to be effective 
in reestablishing blood flow rate through dysfunctional catheters, clinical data in Serbia are missing.
The objective of the study was to analyze tissue plasminogen activator efficacy in reestablishing blood 
flow rate and the influence on catheter survival. 
Methods The study included 53 tunneled catheters from 32 patients on hemodialysis. After catheter 
dysfunction was established, 580,000 units of tissue plasminogen activator was applied into each cath-
eter lumen for about two hours before hemodialysis. The criteria for success was blood flow rate on the 
next hemodialysis – over 200 mL/minute was considered to be complete success, 180–200 mL/minute 
partial success, and under 180 mL/minute was considered a failure. 
Results Out of 53, 25 catheters (47%) had dysfunction with an incidence of 3.8/1,000 catheter days. 
Catheters placed in femoral veins, “after-first” catheters, catheters with infection, and catheters in older 
patients had higher risk for dysfunction. Multivariate logistic regression analysis confirmed that only 
older age was significantly related to catheter dysfunction. Of the total of 50 applications of tissue plas-
minogen activator, 35 (70%) were successful, seven procedures (14%) were partially successful and eight 
(16%) dysfunctional catheters failed to respond to therapy. Six-, 12- and 24-month survival was 87%, 
81%, and 20%, respectively, for catheters without dysfunction, and 71%, 47.5%, and 12%, respectively, 
for catheters with dysfunction.
Conclusion Tissue plasminogen activator dosing is noninvasive, efficient, and safe in reestablishing 
blood flow rate through dysfunctional catheters, thus prolonging catheters life and sparing patients 
from additional vascular procedures.
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INTRODUCTION

Adequate vascular access is crucial for success-
ful hemodialysis (HD) treatment. Ideal access 
provides adequate blood flow rate (BFR) during 
an HD session and an adequate dialysis dose. 
Also, it has a few complications in the long 
term [1]. According to Vascular Access Soci-
ety guidelines, arterial-venous fistula (AVF) is 
considered the best vascular access, based on its 
longevity and the rarity of complications [2]. If 
blood vessels were inadequate for the creation 
of AVF, then the creation of arterial-venous 
graft (AVG) should be considered. AVG pro-
vides adequate BFR during an HD session, but 
complications such as infection and thrombosis 
are more frequent comparing to AVF [1]. 

Tunneled vascular catheters (TVC) are used 
in patients whose blood vessels are exhausted 
for the creation of AVF or AVG, in patients 
with severe peripheral vascular disease, and in 
those with short life expectancy [3]. Although 
they are ready for use right after the insertion, 
providing satisfactory BFR, the rate of compli-
cations is discouraging. In regard to complica-

tions, femoral veins are considered to be the 
worst position for catheter placement, especial-
ly compared to the right internal jugular vein, 
which is usually recommended [4]. According 
to studies, six-month survival of TVC is 60%, 
and one-year survival is 40% [5]. 

National Kidney Foundation Dialysis Out-
comes and Quality Initiative defined catheter 
dysfunction as a failure to attain and maintain 
an extracorporeal BFR of 300 mL/minute or 
greater at a prepump arterial pressure lower 
than -250 mmHg, and increased venous resis-
tance (> 250 mmHg) [1]. Catheter dysfunction 
is also considered if Kt/V is lower than 1.2, or 
if urea reduction rate (URR) is < 65%, without 
extending HD. 

The most common complications related 
to the catheters are infection and thrombosis 
[6]. They usually require catheter replacement, 
which is an invasive procedure accompanied 
by many complications: pneumothorax (0.2% 
if the internal jugular vein is punctured, and 
3.1% if the subclavian vein is punctured), ar-
tery puncture (9.4% in attempt to puncture the 
internal jugular vein, 4.9% for the subclavian 
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vein, and 15% for the femoral vein), bleeding (3%), he-
mothorax ( 0.6%), arrhythmias (0.9%), malposition (1%), 
perforation of the right atrium [7, 8]. 

Risk factors for thrombosis may be related to the cath-
eter or to the patient. Catheter duration and catheter lumen 
width are directly proportional to thrombosis rate [9]. Risk 
factors related to patients are heart failure, infections, and 
malignant tumors [10]. In order to prevent catheter throm-
bosis, anticoagulants (heparin or sodium citrate) are placed 
in catheter lumens between two HD sessions. Theoreti-
cally, tissue plasminogen activator (TPA) can be used for 
the prevention of catheter thrombosis, but it is still debat-
able considering the cost–benefit relation. Therefore, it is 
mostly used for the treatment of acute catheter thrombosis 
[11, 12]. TPA translates plasminogen to plasmin, which is 
a powerful proteolytic enzyme that degrades fibrin fibers 
and other coagulation proteins [13]. 

According to some literature data, local application of 
TPA in catheter lumens is safe and efficient [14]. In clinical 
practice, there are no guidelines for the optimal dose of TPA. 
In a retrospective cohort study, Yaseen et al. [15] compared 
efficacy of 1 mg of TPA and 2 mg of TPA per catheter lumen 
and results revealed that catheter survival was better after us-
ing 2 mg of TPA per catheter lumen. Also, it has been shown 
that the risk for catheter replacement due to non-resolved 
obstruction is 2.75 times greater after using 1 mg of TPA per 
catheter lumen. Macrae et al. [16] compared one hour to 48 
hours TPA dwell, and there was no statistically significant 
difference between the short and long TPA dwell groups 
for catheter patency at the subsequent HD run (76.9% vs. 
79.4%) or at two weeks (42.3% vs. 52.9%). 

The objective of this prospective study was to analyze 
the efficacy and safety of TPA application on reestablishing 
blood flow through dysfunctional TVC, and to confirm 
the influence of TPA on catheter survival.

METHODS

Patients and catheters 

This prospective study examined all TVC (Hickman, Bard, 
Salt Lake City, UT) placed between March 1, 2012 and 
December 1, 2014 in patients treated with chronic HD in 
Clinical Department for Renal Diseases, Zvezdara Univer-
sity Medical Center, Belgrade. 

A database was constructed based on the patient’s medi-
cal documentation. All patients were dialyzed three times 
weekly, for four hours. Patients were followed up from the 
day of catheter insertion to the day of catheter remov-
al, death, or the end of the study period. The catheters 
were inserted by vascular surgeon under local anesthesia, 
without radioscopic or ultrasound guidance. After cath-
eter placement, X-ray was performed to ensure adequate 
catheter position. Only catheters that were functional at 
least three consecutive HD after insertion were analyzed.

Some patients had more than one catheter, since cath-
eters were replaced due to the complications. Second 
and following catheters were simply called “after-first” 

catheters. Most of the patients had AVF and/or AVG and/
or peritoneal dialysis (PD) before catheter placement.

According to the unit protocol, catheter dysfunction 
was defined as the difficulty in infusing or withdrawing 
blood from their lumens. Risk factors for catheter dysfunc-
tion were evaluated, including sex, age, length of dialysis, 
comorbidities (hypertension and diabetes mellitus), as-
sociated infections, use of antiplatelet and oral anticoagu-
lant therapy (OACT), laboratory analyses (albumin and 
hemoglobin level), and catheter location. 

TPA application

Due to acute catheter dysfunction, patients received  
580,000 units (1 mg) of TPA into each catheter lumen. TPA 
was diluted with saline in final concentration that fits every 
catheter lumen. Dwell time was two hours before HD. 

The criterion for success was BFR on subsequent HD 
session was as follows: over 200 mL/minute was consid-
ered to be complete success, 180–200 mL/minute partial 
success, and under 180 mL/minute was considered failure 
of therapy. Criteria for catheter function/dysfunction are 
not clearly stated by current guidelines or literature data, 
since dialysis adequacy is the main criteria for catheter 
replacement. Therefore, decision about catheter dysfunc-
tion and removal is usually brought according to BFR, di-
alysis adequacy and patient’s residual renal function. Still, 
it is desirable to achieve BFR of more than 200 mL/min-
ute for adequate HD. If BFR is less than 200 mL/minute  
(180–200 mL/minute), adequate dialysis could still be 
achieved by selection of dialyzer of higher surface area and 
by prolonging dialysis time, particularly if the patient has pre-
served residual renal function. Therefore, we designated such 
flow rate as partial success and it was still functional cath-
eter, with no need for removal. However, with BFR less than 
180 mL/minute, adequate HD can hardly be achieved and 
therefore we assumed these catheters failed (dysfunctional).

Since catheter thrombosis is the most common cause of 
catheter dysfunction, we performed X-ray diagnostic pro-
cedures to determine the etiology of dysfunction only if the 
second dose of TPA failed to provide BFR through catheter.

Statistical analysis

SPSS Version 15.0 (SPSS Inc. Chicago, IL, USA) was used to 
analyze the data. Descriptive analysis was applied to study 
the characteristics of the study population and of the cath-
eters. Student’s t-test was performed for intergroup com-
parison for variables with normal distribution. For variables 
without normal distribution, differences between the groups 
was analyzed with the Mann–Whitney test. Kaplan–Meier 
curves were constructed for catheter survival. We censored 
for events that led to catheter removal such as catheter bac-
teremia, the transition to an AVF or the start of PD, and pa-
tient death. Logistic regression analysis was applied to study 
the influence of covariates on the incidence of catheter dys-
function. Independent variables were age, sex, comorbidities 
(hypertension and diabetes mellitus), associated infections, 
OACT, antiplatelet therapy, hemoglobin and albumin level, 
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length of dialysis, and catheter location. The dependent vari-
able was catheter dysfunction (0 for catheters without dys-
function and 1 for catheters with dysfunction). Statistical 
significance for all comparisons was set at р ≤ 0.05. 

RESULTS

Patient characteristics

The median length of the follow-up was seven months 
(range 1–32 months). Study included 16 men (50%) and 
16 women (50%) of the average age of 62 ± 14 years (Table 
1). Most of the patients had hypertension (81%), and 22% 
of them had diabetes mellitus. Only five patients (16%) 
started dialysis with TVC, while the others were on dialysis 
for 38 ± 52 months before they had their tunneled cath-
eters placed. Most of the patients used AVF before catheter 
(78%), 37.5% had AVG, and 31% were treated with PD. 

Table 1. Data on the patients and catheters

Parameter Patients, n = 32
Male sex, n (%) 16 (50)

Age (X ± SD) 62 ± 14  
(min. 30, max. 80)

Diabetes mellitus, n (%) 7 (22)
Hypertension, n (%) 26 (81)
Dialysis duration before catheter (months), 
(X ± SD)

38 ± 52  
(min. 1, max. 196)

Previous access for dialysis:
– patients with AVF, n (%)
– patients with AVG, n (%)
– switch from PD, n (%)
– catheter as the first access, n (%)

25 (78)
12 (37.5)
10 (31)
5 (16)

Hemoglobin concentration (≥ 95 g/L), n (%) 22 (69)
Albumin concentration (< 35 g/L), n (%) 9 (28)
Usage of antiplatelet therapy, n (%) 16 (50)
Usage of OACT, n (%) 4 (12.5)
Overall number of catheters 53
Number of dysfunctional catheters, n (%) 25 (47)
Time to first dysfunction (days), median (IQR)

– first catheters
– after-first catheters

235 (304)
100 (151)

Incidence of dysfunction per 1,000 catheter 
days

3.8/1,000  
catheter days

TPA application per dysfunctional catheter 
(X ± SD)

2 ± 1.8  
(min. 1, max. 9)

Number of catheter-related bacteremia, n (%) 16 (30)

AVF – arterial-venous fistula; AVG – arterial-venous graft; PD – peritoneal 
dialysis; OACT – oral anticoagulant therapy; TPA – tissue plasminogen 
activator; IQR – interquartile range

Twenty-two patients (69%) had a desirable hemoglobin 
level, but almost one third of them had albumin concentra-
tion below the lower limit. Half of them were using anti-
platelet therapy, and 12.5% were using OACT.

During the study, 53 catheters were placed in 32 pa-
tients. The maximal number of catheters received by a 
single patient over the study period was four. Out of 53 
catheters, 25 (47%) had dysfunction which required the 
use of TPA once or repeatedly. Incidence of dysfunction 
was 3.8/1,000 catheter days. 

Time to the first catheter dysfunction varied 6–670 
days (median being 110 days). We investigated if there 
was difference in time to first dysfunction between the 
first catheters and the after-first catheters. Since data were 
nonparametric, we performed the Mann–Whitney test and 
confirmed that there was statistically significant difference 
between the first and the after-first catheters regarding the 
time to the first dysfunction (p = 0.043). 

The number of TPA applications per dysfunctional 
catheter was 2 ± 1.8 (min. 1, max. 9). Sixteen catheters 
(30%) had catheter-related bacteremia, but there was no 
significant difference in catheter dysfunction between 
catheters with or without infection (p = 0.14).

Table 2 presents the success of the TPA procedure. 
In 25 dysfunctional catheters, 50 TPA applications were 
performed. In 35 applications (70%), the use of TPA was 
followed by adequate HD session. In seven applications 
(14%), partial success was achieved, and eight (16%) dys-
functional catheters failed to respond to therapy with TPA. 
We didn’t find any statistically significant difference in suc-
cess between the first, the second, and subsequent TPA 
application per catheter (p = 0.9).

Table 2. Number of successful tissue plasminogen activator procedures 
(success, partial success and failure)

Number 
of TPA 
procedures 
per catheter

Immediate success of TPA procedure
Success 

(BFR > 200 mL/
minute)
n = 35

Partial success
(BFR 180–

200 mL/minute)
n = 7

Failure
(BFR < 180 mL/

minute)
n = 8

First 18 (72%) 3 (12%) 4 (16%)
Second 8 (66.7%) 2 (16.7%) 2 (16.7%)
Subsequent 
(3–9) 9 (69.2%) 2 (15.4%) 2 (15.4%)

BFR – blood flow rate; TPA – tissue plasminogen activator

Also, there was no difference in success rate of the TPA 
procedure between the first and the after-first catheters 
(p = 0.57).

Catheter survival

As a prediction, if catheters had been removed after the 
first dysfunction without TPA therapy, one-year survival of 
dysfunctional catheters would have been only 12% (Figure 
1). Figure 2 shows survival curves for the catheters with 
and without dysfunction and TPA intervention. Six-, 12- 
and 24-month survival was 87%, 81%, and 20%, respective-
ly, for catheters without dysfunction, and 71%, 47.5%, and 
12%, respectively, for catheters with dysfunction in which 
TPA therapy was applied. Log rank test was performed and 
a statistical difference between two Kaplan–Meier curves 
was not confirmed (p = 0.1). 

In nine dysfunctional catheters (36%) after one use of 
TPA, catheters continued to function without any need 
for additional TPA procedures. In three catheters (12%) 
after the second unsuccessful dose of TPA, diagnostic 
procedures were performed and an X-ray revealed sec-
ondary catheter malposition, which required catheter 
replacement.

Tissue plasminogen activator for dysfunctional tunneled vascular catheters for hemodialysis – single center experience 
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Risk factors for catheter dysfunction

Table 3 shows the results of multivariate logistics regression 
analysis. Only older age was significantly related to catheter 
dysfunction, but not the use of antiplatelet and OAC drugs, 
sex, comorbidities (hypertension, diabetes mellitus), labo-
ratory analyses (albumin and hemoglobin level), and the 
length of HD. Femoral location of the catheter had three 
times higher risk for developing dysfunction compared to 
jugular and subclavian localization, but this difference did 
not reach statistical significance. Concomitant bacteremia 
increases the risk for dysfunction two-fold, and the after-
first catheters are at 1.5 higher risk compared to the first 
catheters, both without statistical significance. 

Table 3. Variables associated with dysfunction of tunneled vascular 
catheters

Covariates B Exp (B) p 95% CI
Age
Association with infection
Femoral veins
After-first catheters

0.045
0.752
1.093
0.407

1.046
2.122
2.982
1.503

0.036
0.269
0.164
0.548

0.003–1.091
0.559–8.058

0.640–13.892
0.398–5.665

DISCUSSION

This study confirmed that 25 (47%) out of 53 examined 
catheters had dysfunction that required the use of TPA, 
with the incidence of dysfunction of 3.8/1,000 catheter 
days. The literature data revealed lower incidence; Develter 
et al. [17] described 1.94 dysfunctions per 1,000 catheter 
days, while Lee et al. [18] found three dysfunctions per 
1,000 catheter days, and the difference could be explained 
by different patient populations – our patients were older 
and had higher comorbidity, including diabetes mellitus. 

By using logistic regression analysis, we confirmed that 
age was the only significant risk factor for catheter dys-
function. Timsit et al. [19] also showed that older patients 
are at a higher risk for developing catheter thrombosis. 
This might be due to many comorbidities and damaged 
blood vessels that are more frequent in the elderly, which 
makes them prone to thrombosis. 

The relationship between catheter-related bacteremia 
and thrombosis has been proven by literature data [19, 20]. 
It is still debatable whether infection promotes thrombo-
sis or vice versa. One of the possible explanations could 
be that the fibrin sheath surrounding catheters increases 
bacterial adherence [21]. Vaudaux et al. [10] in their study 
suggested that host factors, such as fibrin, fibronectin, and 
fibrinogen, may have a significant role in staphylococcal 
adherence, colonization, and infection by interacting with 
intravascular catheters. According to our data, only 30% of 
dysfunctional catheters were associated with bacteremia. 
Therefore, it is difficult to confirm the clear relationship 
between two events.

As shown in previous studies, femoral approach is asso-
ciated with higher risk of thrombotic complications, which 
is also proved by our study, although without statistical 
significance. The most striking results were shown by 
Merrer et al. [22], who compared subclavian and femoral 
approach, where femoral approach proved to be the most 
unfavorable one (1.9% vs. 21%).

A systematic review was performed to evaluate stud-
ies that examined the efficacy and safety of thrombolytic 
therapy in dysfunctional HD catheters [23]. The success 
rate was higher with reteplase (88%), followed by TPA 
(81%), and tenecteplase (41%).

In our study, the use of TPA proved to be successful 
in re-establishing BFR in subsequent HD in 70% of the 
procedures. These results are in compliance with the study 
by Ponce et al. [24], according to which adequate BFR on 
the following HD session was achieved in 77% of dys-
functional catheters after one TPA dose, in 10% after the 
second dose, and only 13% of catheters failed to respond 
to treatment. On the other hand, Little and Walshe [25] 
showed that the cumulative gain of repeated use of TPA in 
an attempt at thrombolysis is small. Authors stated that if 
the TPA is required more than once, it might be that the 
catheter has been structurally altered.

Since 1993, the use of TVC for HD has increased from 
less than 10% to more than 30%, as revealed by the US 
Renal Data System [26]. Data for Serbia in 2012 have 
shown that 89% of the prevalent patients used AVF as the 

Figure 1. Prediction of overall catheter survival without tissue plas-
minogen activator procedure (Kaplan–Meier survival curve)

Figure 2. Kaplan–Meier survival analysis for functional and dysfunc-
tional catheters treated with tissue plasminogen activator
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vascular access for HD and 3.1% used AVG. The percent-
age of prevalent patients with TVC was 3.5%. During 2012, 
88% of the patients started HD with AVF, 4% with AVG, 
and 7.8% with TVC, thus showing a growing trend [27].

In our study, one-year survival of dysfunctional cath-
eters treated with TPA was 47.5%. As a prediction, if cath-
eters had been replaced after the first dysfunction, one-year 
survival would have been only 12%, as revealed by the 
Kaplan–Meier analysis. Log rank test did not confirm any 
statistically significant difference in survival between func-
tional and dysfunctional catheters, in which TPA therapy 
was applied. This finding proves that TPA is successful in 
prolonging dysfunctional catheters life and saving patients 
from additional interventions, since the most of them have 
no alternative to another vascular approach. 

In our study, there were no adverse effects of the TPA 
therapy. Previously mentioned systematic review also re-
ported extremely rare adverse effects of thrombolytic thera-
py, most likely due to limited systemic exposure to TPA [23]. 

There are some limitations to our study. In addition to 
the small study population and the number of catheters, 

etiology of catheter dysfunction was examined after failure 
of the second dose of TPA, so secondary malposition was 
overlooked in three catheters. Therapeutic success of TPA 
was evaluated by the BFR, but not with color Doppler im-
aging and dialysis adequacy (Kt/V) which could be a useful 
diagnostic tool in case of recirculation over the catheter. 

CONCLUSION

This prospective single-center study provides data on 
permanent tunneled vascular catheters for HD with an 
acceptable dysfunction rate (3.8/1,000 catheter days). If 
dysfunction occurs, TPA is proven to be efficient, safe, 
easy to perform, and without significant disruption to the 
dialysis schedule. It has also shown that TPA extends cath-
eter longevity in patients with exhausted other alternatives 
for dialysis. 

Conflict of interest: None declared.

REFERENCES 

1. Vascular Access 2006 Work Group. Clinical practice guidelines for 
vascular access. Am J Kidney Dis. 2006; 48 Suppl 1:S176–247. 

2. Pisoni RL, Young EW, Dykstra DM, Greenwood RN, Hecking E, 
Gillespie B, et al. Vascular access use in Europe and the United 
States: Results from the DOPPS. Kidney Int. 2002; 61(1):305–16. 

3. Daugirdas JT, Blake PJ, Ing TS. Handbook of dialysis. 3rd ed. 
Philadelphia, PA: Lippincott Williams and Willkins; 2001.

4. Schwab SJ, Beathard G. The hemodialysis catheter conundrum: 
Hate living with them, but can’t live without them. Kidney Int. 
1999; 56(1):1–17. 

5. Shaffer D, Madras PN, Williams ME, D’Elia JA, Kaldany A, Monaco 
AP. Use of Dacron Cuffed Silicone Catheters as Long-Term 
Hemodialysis Access. ASAIO J. 1992; 38(1):55–8.

6. Wivel W, Bettmann MA, Baxter B, Langdon DR, Remilliard B, 
Chobanian M. Outcomes and performance of the Tesio twin 
catheter system placed for hemodialysis access. Radiology. 2001; 
221(3):697–703. 

7. McGee DC, Gould MK. Preventing Complications of Central 
Venous Catheterization. N Engl J Med. 2003; 348(12):1123–33. 

8. Kusminsky RE. Complications of Central Venous Catheterization. J 
Am Coll Surg. 2007; 204(4):681–96. 

9. Wanscher M, Frifelt JJ, Smith-Sivertsen C, Andersen AP, Rasmussen 
AD, Sanchez Garcia R, et al. Thrombosis caused by polyurethane 
double-lumen subclavian superior vena cava catheter and 
hemodialysis. Crit. Care Med. 1988; 16(6):624–8. 

10. Vaudaux P, Pittet D, Haeberli A, Huggler E, Nydegger UE, Lew DP, 
et al. Host Factors Selectively Increase Staphylococcal Adherence 
on Inserted Catheters: A Role for Fibronectin and Fibrinogen or 
Fibrin. J Infect Dis. 1989; 160(5):865–75. 

11. Hemmelgarn BR, Moist LM, Lok CE, Tonelli M, Manns BJ, Holden 
RM, et al. Prevention of dialysis catheter malfunction with 
recombinant tissue plasminogen activator. N Engl J Med. 2011; 
364(4):303–12. 

12. Firwana BM, Hasan R, Ferwana M, Varon J, Stern A, Gidwani U. 
Tissue plasminogen activator versus heparin for locking dialysis 
catheters: A systematic review. Avicenna J Med. 2011; 1(2):29–34. 

13. Guyton AC, Hall JE. Textbook of Medical Physiology. 10th ed. 
Philadelphia, PA: Saunders Elsevier; 2000. 

14. Teoh CW, Bates M, Cotter M, Quinlan C, Dolan NM, Riordan M, et 
al. Recombinant Tissue Plasminogen Activator is Safe and Effective 
in Increasing Haemodialysis Catheter Longevity in Paediatric 
Haemodialysis Patients. J Nephrol Ther. 2014; 4:2012–5. 

15. Yaseen O, Maher M, Nekidy WS, Soong D, Ibrahim M, Speirs JW, et 
al. Comparison of alteplase (tissue plasminogen activator) high-

dose vs. low-dose protocol in restoring hemodialysis catheter 
function: The ALTE-DOSE study. Hemodial Int. 2013; 17(3):434–40. 

16. Macrae JM, Loh G, Djurdjev O, Shalansky S, Werb R, Levin A, et al. 
Short and long alteplase dwells in dysfunctional hemodialysis 
catheters. Hemodial Int. 2005; 9(2):189–95. 

17. Develter W, De Cubber A, Van Biesen W, Vanholder R, Lameire 
N. Survival and complications of indwelling venous catheters 
for permanent use in hemodialysis patients. Artif Organs. 2005; 
29(5):399–405. 

18. Lee T, Barker J, Allon M. Tunneled Catheters in Hemodialysis 
Patients: Reasons and Subsequent Outcomes. Am J Kidney Dis. 
2005; 46(3):501–8. 

19. Timsit J, Farkas JC, Boyer JM, Martin JB, Misset B, Renaud B, et 
al. Central Vein Catheter-Related Thrombosis in Intensive Care 
Patients- Incidence, Risks Factors, and Relationship with Catheter-
Related Sepsis. Chest. 1998; 114(1):207–13. 

20. Raad II, Luna M, Khalil SA, Costerton JW, Lam C, Bodey GP. 
The Relationship Between the Thrombotic and Infectious 
Complications of Central Venous Catheters. JAMA. 1994; 
271(13):1014–6. 

21. Santilli J. Fibrin sheaths and central venous catheter occlusions: 
diagnosis and management. Tech Vasc Interv Radiol. 2002; 
5(2):89–94. 

22. Merrer J, Jonghe BD, Golliot F, Lefrant JY, Raffy B, Barre E, et al. 
Complications of femoral and subclavian venous catheterization 
in critically ill patients. JAMA. 2001; 286(6):700–7. 

23. Hilleman D, Campbell J. Efficacy, safety, and cost of thrombolytic 
agents for the management of dysfunctional hemodialysis 
catheters: a systematic review. Pharmacotherapy. 2011; 
31(10):1031–40. 

24. Ponce D, Mendes M, Silva T, Oliveira R. Occluded Tunneled Venous 
Catheter in Hemodialysis Patients: Risk Factors and Efficacy of 
Alteplase. Artif Organs. 2015; 39(9):741–7. 

25. Little M, Walshe J. A Longitudinal Study of the Repeated Use 
of Alteplase as Therapy for Tunneled Hemodialysis Catheter 
Dysfunction. Am J Kidney Dis. 2002; 39(1):86–91. 

26. US Renal Data System. USRDS 2009 Annual Data Report: Atlas 
of Chronic Kidney Disease and End-Stage Renal Disease in 
the United States. Bethesda, MD: National Institutes of Health, 
National Institute of Diabetes and Digestive and Kidney Diseases; 
2009. 

27. Annual report: Dialysis and renal transplantation treatment in 
Serbia, 2012: Annual report on vascular access for hemodialysis 
in Serbia, 2012. http://www.udruzenjenefrologa.com/en/registry-
and-recommendations/ 

Tissue plasminogen activator for dysfunctional tunneled vascular catheters for hemodialysis – single center experience 



  

552

Srp Arh Celok Lek. 2019 Sep-Oct;147(9-10):547-552

САЖЕТАК
Увод/Циљ Тромбоза катетера за хемодијализу је једна од 
најчешћих компликација која доводи до дисфункције катете-
ра. Ткивни активатор плазминогена се показао ефикасним у 
решавању ове компликације, али клинички подаци у Србији 
недостају. 
Циљ рада је испитивање ефикасности ткивног активато-
ра плазминогена у поновном успостављању протока крви 
преко дисфункционалног катетера и утицајa на век трајања 
катетера. 
Методе У студију је укључено 53 тунелизованих катетера 
код 32 болесника на хемодијализи. По утврђивању дисфунк-
ције, примењено је по 580.000 јединица ткивног активатора 
плазминогена у сваки лумен катетера два сата пре хемодија-
лизе. Критеријум за терапијски успех је био проток крви 
на наредној хемодијализи: преко 200 ml/min. се сматрало 
комплетним успехом, од 180–200 ml/min. делимичним ус-
пехом и испод 180 ml/min. неуспехом. 
Резултати Од 53 испитивана катетера, 25 (47%) њих је имало 
дисфункцију са учесталошћу 3,8/1000 катетер данa. Већи ри-

зик за дисфункцију су имали катетери пласирани у феморал-
ним венама, „наредни“ катетери, катетери са придруженом 
инфекцијом и катетери код старијих болесника. Мултива-
ријантна регресиона анализа је потврдила да катетери код 
старијих болесника имају статистички значајно већи ризик 
за дисфункцију. Од укупно 50 примена ткивног активатора 
плазминогена било је 35 (70%) успешних, седам (14%) дели-
мично успешних и осам (16%) неуспешних покушаја оства-
ривања адекватног протока крви преко дисфункционалног 
катетера. У групи катетера који нису имали дисфункцију, 
након шест, 12 и 24 месеца проценат функционалних кате-
тера је износио 87%, 81% и 20%, док је у групи катетера са 
дисфункцијом тај проценат био 71%, 47,5% и 12%.
Закључак Примена ткивног активатора плазминогена је 
неинвазивна, ефикасна и безбедна за поновно успоста-
вљање протока крви преко дисфункционалног катетера, 
уз продужетак века трајања катетера и поштеду болесника 
од додатних васкуларних интервенција. 
Кључне речи: хемодијализа; тунелизовани васкуларни ка-
тетери; тромбоза катетера; ткивни активатор плазминогена
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