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Abstract Goals of work: To evaluate
differences in success rate between
two dosages of intraluminal uroki-
nase (IL-UK) for treatment of with-
draw occlusion in central venous ca-
theters (CVC) and to confirm the ef-
ficacy of a salvage protocol with low-
dose systemic urokinase (S-UK) in
case of failure of IL-UK or of com-
plete catheter obstruction. Patients
and methods: All malfunctioning or
occluded partially implanted in-
dwelling catheters inserted in a 29-
month period in children with cancer
at two tertiary care centers (Genoa
and Turin) in Italy were eligible for
this study. In cases of withdraw oc-
clusion, IL-UK was used as first-line
treatment with different schedules of
administration in the two centers: a
5,000 IU/ml dose was used in Genoa
and a 25,000 IU/ml dose in Turin
(Protocol A). In case of failure of the
front-line protocol or in case of
complete CVC occlusion, S-UK at
1,000 IU/kg per hour for 3 h was used
as a salvage protocol in both centers
(Protocol B). Main results: There
were 81 episodes of malfunction and
three of occlusion recorded in 68
CVCs. Protocol A was successful in

75 (92.5%) of the malfunction epi-
sodes. In particular, the dose of
5,000 IU of IL-UK was successful in
42 (89%) CVCs while the 25,000 IU
dose resolved 33 (97%) of the epi-
sodes (not significant). The six pa-
tients with CVC refractory to IL-UK
and the three subjects with complete
CVC occlusion were treated with
S-UK. Patency was obtained in
seven cases (78%); the remaining
two catheters had to be removed.
Conclusions: We found that 5,000 IU
of IL-UK were as effective as
25,000 IU to resolve withdrawal oc-
clusion in partially implanted CVCs
and that systemic treatment with
urokinase may rescue a significant
proportion of CVCs refractory to
IL-UK or that are apparently com-
pletely occluded.
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Introduction

Indwelling central venous catheters (CVCs) have been
used over the last two decades in pediatric oncology and
are now considered essential devices for appropriate man-

agement of children with cancer [1]. Although few reports
are available regarding CVC-related complications in
children, the inability to withdraw blood or the complete
obstruction of the catheter are the most frequent compli-
cations, occurring according to different reports in 20–
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40% of implanted CVCs [2, 3]. In these cases, postural
changes with or without heparin flushes are usually used
to resolve the complication, but when these procedures
fail, urokinase (UK) is often used with different schedules
reported in the literature [4, 5]. Administration of intra-
luminal UK (IL-UK) usually restores CVC patency, but it
is not clear if low doses are as effective as high doses.
Generally, IL-UK has been reported to fail in about 5–6%
of all implanted CVCs, resulting in catheter removal [2,
6]. Thus, new strategies are needed in order to reduce the
number of children who have to undergo another surgical
procedure to implant a new CVC.

We here report on a study to determine differences, if
any, in success rates between two dosages of IL-UK
(5,000 IU versus 25,000 IU) for treatment of malfunc-
tioning or occluded catheters and to evaluate the feasi-
bility and efficacy of a salvage protocol with low-dose
systemic UK (S-UK: 1,000 IU/kg per hour for 3 h) for
the rescue of completely occluded or IL-UK-refractory
CVCs.

Design and methods

As part of a comprehensive prospective follow-up study on CVC-
related complications in children with hematological or oncological
diseases, all CVCs inserted between January 2000 and May 2002 at
the G. Gaslini, Genoa and Regina Margherita, Turin, children’s
hospitals for the management of hematological or oncological
diseases were prospectively evaluated to determine the incidence of
any complication. In this paper, we report on the experience per-
taining to incidence and treatment of malfunction complications.

During the study period, most of the cancer patients had par-
tially implanted, tunneled, silicone rubber, right-atrial CVCs in-
serted. Catheters where either of the Hickman-Broviac (HB) type or
of the pressure-activated valve (PASV) type. Catheter size was
usually 6 or 9 fr. according to the patient’s age. Totally implantable
catheters (ports) were used only in selected cases and are thus
excluded from this study. In both centers, CVC insertion was al-
ways performed surgically under general anesthesia via external or

internal jugular vein cut down. During placement, the correct po-
sition of the distal tip of the catheter (at the superior vena cava–
right atrium junction) was checked by fluoroscopy, and a standard
chest radiograph with the patient in the upright position was ob-
tained immediately afterward. As for maintenance procedures in
both centers, HB catheters, when not in use, were flushed three
times a week with a heparinized solution while PASVs were flu-
shed with normal saline solution once a week.

For purposes of this study, a malfunction event was defined as
the difficulty to withdraw blood through the catheter not solved by
postural changes or flushes with saline or heparinized solution
(50 IU/ml). Occlusion was defined as the inability to withdraw
blood and infuse fluids. In case of a malfunctioning CVC, IL-UK
was used as first-line treatment (Protocol A, Table 1). The schedule
of administration of UK was different in the two centers, with a
5,000 IU/ml dose used in Genoa and a 25,000 IU/ml dose in Turin.
In both centers, the vial (either the 5,000 IU or the 25,000 IU) was
reconstructed with 1 ml of normal saline, and the CVC was then
filled with 0.3–0.5 ml of this solution based upon the internal
volume of the device. The solution was then left in place for 30 s,
and afterward, the patency of the device was checked.

In case of Protocol A failure or in case of CVC occlusion,
children were clinically evaluated and a chest X-ray performed to
locate the CVC’s tip. If CVC was correctly positioned, a Doppler
ultrasound (US) and/or 2D echocardiography were performed to
look for deep vein thrombosis (DVT) or thrombi at or near the
device tip [7]. Subjects with documented DVT or right atrial
thrombus were excluded from this study and treated with other
institutional protocols. Subjects refractory to intraluminal UK with
undetectable thrombotic complication and with platelets count
>50�109/L were then treated according to a salvage protocol
(Protocol B, Table 1) with S-UK at a dosage of 1,000 IU/kg per
hour for 3 h (via peripheral vein in case of CVC occlusion). The
drug was usually diluted in 100 ml of saline. Parental informed
consent was requested and obtained before application of either
protocol. Finally, to evaluate whether 25,000 IU of IL-UK may be
more effective than 5,000 IU in preventing further catheter occlu-
sion, malfunction episodes occurring within 20 days from IL-UK
administration in the same CVC were identified.

The c2 test or the Fisher exact test was used to compare dif-
ferences in the percentages of success between the different treat-
ment modalities. Statistical tests were two-tailed, and tests were
considered significant when p<0.05.

Table 1 Treatment protocols. CVC central venous catheter, UK urokinase

Protocol A Protocol B

Thrombolytic therapy of CVC intraluminal obstructions due to
blood or blood components

Treatment protocol with low-dose systemic UK scheduled to:
1. Remove obstructions in repeatedly malfunctioning CVCs refractory
to at least two courses of Protocol A
2. Clean apparently totally occluded indwelling central venous ca-
theters

The catheter should be filled with 5,000 IU/ml (A1, Genoa) or
25,000 IU/ml (A2, Turin) of UK according to catheter capacity
(generally 0.3–0.5 ml) promoting mixture with blood to obtain
plasma with increased fibrinolytic potential. Subsequently, after
30 min, the solution should be aspirated before checking catheter
patency

1. Infuse 1,000 IU/kg per hour of UK without bolus for 3-h cycles that
can be repeated up to four times (total 12 h) in the event of failure
2. Provide supplementation with 15 IU/kg per hour of heparin. N.B.
If the patient is not or cannot be hospitalized, IV heparin should be
replaced by s.c. 100 IU/kg per day of enoxaparin in a single dose
3. Check catheter functioning every hour, promoting catheter washing
by plasma with increased fibrinolytic potential
4. When catheter functioning is restored, UK should be suspended,
heparin continued, and therapy with oral anticoagulant drugs started
5. When International Normalized Ratio (INR) = 2 is achieved,
heparin should be discontinued and INR maintained between 1.5 and
1.8 until catheter removal
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Results

During the study period, 418 catheters were consecutively
inserted in 368 children (212 M, 156 F) with hematolog-
ical or oncological diseases and a median age of 6.2 (range
0.1–17.9). years The median follow-up after CVC inser-
tion was 258 days (range 3–868) for a total of 107,012
catheter days. During follow-up, a total of 81 episodes of
malfunction (47 in Genoa, 34 in Turin) and three of oc-
clusion were recorded in 68 CVCs (16% of all CVCs) for a
total of 84 episodes and an overall incidence of 0.78
malfunction or occlusion events per 1,000 catheter days.

Protocol A was successful in 75 (92.5%) of the 81
malfunction episodes. In particular, the dose of 5,000 IU
of IL-UK (Genoa) was successful in 42 (89%) CVCs
while the 25,000 IU dose (Turin) resolved 33 (97%) of the
malfunction episodes. The difference in success rate be-
tween the two schedules was not significant (p=0.393).

The six patients with CVC refractory to IL-UK (five to
the 5,000 IU and one to the 25,000 IU dose) and the three
subjects with complete CVC occlusion and negative im-
aging were treated with systemic low-dose UK according
to Protocol B (Table 1). Patency was obtained in seven
cases (78%) and, in particular, in four malfunctioning
CVCs (67%) and in three (100%) occluded CVCs (not
significant). The remaining two catheters had to be re-
moved (one in the 5,000 IU group and the second in the
25,000 IU group) due to persistent withdrawal occlusion.
No episode of bleeding was reported.

Finally, a second malfunction episode within 20 days
from the first one occurred in five of the 42 events suc-
cessfully treated with 5,000 IU (12%) and in three of the
33 (9%) successfully treated with 25,000 IU (not signif-
icant; p=0.22).

Discussion

We have demonstrated that 5,000 IU of IL-UK are as
effective as 25,000 IU to resolve withdrawal occlusion in
partially implanted CVCs and that systemic treatment
with urokinase may rescue a significant proportion of
CVC refractory to IL-UK or that are apparently com-
pletely occluded. These results confirm that a subclinical
thrombotic complication is the most frequent etiological
factor in CVC occlusion occurring in children with cancer
or other hematological diseases. This is probably sec-
ondary to the frequent administration of blood products in
these subjects. In patients with other types of diseases, the
etiology might be different.

In general, the schedule of administration of throm-
bolytic agents for restoration of flow in malfunctioning

catheters in children with cancer is empiric, and throm-
bolytic regimens differ with regard to the type of drug
used, its dosage, and its duration [8]. When UK is used,
both 5,000 and 25,000 IU of IL-UK are usually employed
for restoring patency of malfunctioning or occluded
CVCs [2, 5], and the reported success rate varies between
77 and 98%. In Italy, the cost of the 5,000 IU vial is of
about e7.0 while that of the 25,000 IU vial is e26.0. Our
success rate of 89% with 5,000 IU schedule, which is not
significantly different from the 93% observed with the
25,000 IU schedule, further enhances the recommenda-
tion of the use of the lowest dose because of its economic
advantage and comparable efficacy.

However, it might be argued that a higher dose of
IL-UK might be more effective in the complete resolution
of the fibrin deposit on the CVC surface thus prevent-
ing possible further malfunctioning. Our data did not
demonstrate any difference between the two IL-UK
schedules we considered in preventing malfunctioning
complications within 20 days after IL-UK administration.
We do not know if even lower doses can be effective; as
far as this problem is concerned, the unavailability of
vials with less than 5,000 IU of UK perhaps is the reason
why treatment of withdrawal occlusion with lower doses
has never been reported.

Our experience shows that the 1,000 IU/kg per hour of
S-UK for 3 h is an effective rescue protocol for com-
pletely occluded CVCs since only two out of the nine
CVCs (22%) for which this protocol was indicated had to
be removed because of irresolvable complications. This
observation confirms our previous results of five cases of
CVCs that restored patency thanks to this low-dose UK
schedule after failure with 25,000 IU of IL-UK [7].

Two other reports previously described a similar
schedule to restore the functioning of blocked catheters
in children. In the first [2], the authors used 5,000 IU of
UK intraluminally and 200 IU/kg per hour as a systemic
schedule. They did not report the results regarding the
efficacy of the treatment in detail, but they did describe
an overall 75% success rate of UK in treating malfunc-
tioning or occluded CVCs. In the second [9], the treat-
ment was effective in 11/12 CVCs. However, the authors
of both papers used a lower dose of UK (200 IU/kg per
hour) infused over a longer period (24 h). Those proto-
cols consequently obliged the patients to be hospitalized
for at least 24 h whereas our strategy, which did not
generate any bleeding, allowed patients to be discharge
on the same day (when admission was only due to CVC
blockage), offering evident advantages in terms of cost
and patient comfort.
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