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ABSTRACT: Intrapleural urokinase has not been evaluated systemically in terms
of efficacy, safety, and cost of treatment in a large series of patients with compli-
cated (parapneumonic) pleural effusions (CPE) and pleural empyemas (PE). Further-
more, the optimal dose and duration of treatment is not known.

Twenty consecutive patients with multiloculated parapneumonic effusions (13
with CPE and 7 with PE), in whom a single chest tube failed to drain the fluid,
were studied prospectively. The age of the patients ranged 15-92 yrs (median 51
yrs). Urokinase was administered intrapleurally, in a low single daily dose of 50,000 U
in 100 mL normal saline via the chest tube. Previous intrapleural instillation of
100 mL normal saline failed to promote drainage in all patients.

Urokinase enhanced drainage in all patients. Clinical and radiological improve-
ment was noted in all but one patient. The mean (sp) volume of fluid significantly
increased in the first 24 h post-urokinase (p<0.001). The number of urokinase instil-
lations ranged 3-7 (median 5). Radiological evaluation showed excellent improve-
ment in 13 of the 20 (65%) patients. Urokinase was well-tolerated in all patients.
The clinical course of patients was uneventful at a mean follow-up of 15 months
(range 6-30 months) later. Mean total cost of treatment was $530+34.6.

Our results show that intrapleural instillation of small doses of urokinase is a
cost-effective and safe mode of treatment of complicated pleural effusions and pleu-
ral empyema and could be the fibrinolytic of choice.
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The best methods for treating complicated parapneu-
monic pleural effusions (PPE) and pleural empyemas
(PE) remain debatable [1-3]. In addition to antibiotic
therapy, it is obligatory to secure adequate drainage to
prevent the development of further complications [1,
4-T]. Although traditional (simple tube thoracostomy,
rib resection, decortication and thoracoplasty) and newer
(video-assisted thoracoscopy) surgical options are effec-
tive, any treatment that reduces the number of surgical
interventions is preferred by patients and doctors [6].

Enzymatic debridement of the pleural cavity is an
option that is frequently overlooked. This may be due
to the fact that most of the reported series have inclu-
ded only a few patients or were case reports. Streptokinase
is currently recommended as the fibrinolytic of choice
[7-12].

In contrast to streptokinase, urokinase produces no anti-
body response, does not produce febrile reactions, and
its efficacy is not inactivated by antibody production
[13]. In a few small series, intrapleural administration
of urokinase has been shown to be effective in PPE and
PE [14-18]. However, its role in terms of efficacy and
safety has not been studied systematically and the opti-
mal dose and duration of treatment is not known.

We investigated the efficacy, safety and cost of intrapleu-
ral administration of small doses of urokinase, used as
an adjunct to chest tube drainage in the management of
complicated pleural effusions (CPE) and pleural empyema,
in a large series of patients in whom initial single chest
tube insertion failed to drain the effusion.

Methods
Patients

Between January 1990 and October 1994, 20 patients
with complicated PPE (13 patients) and pleural empyema
(7 patients) were admitted to our hospital. Parapneumo-
nic effusion was defined as an effusion associated with bac-
terial pneumonia, lung abscess, or bronchiectasis [1-2].
Patients with complicated PPE had a multiloculated effu-
sion confirmed by chest computed tomographic scan-
ning (CT), ultrasound (US), or both, which did not resolve
with a single tube thoracostomy. Patients with pleural
empyema had pus on thoracentesis, or positive smear or
pleural fluid cultures for bacteria and concomitant pneu-
monia, irrespective of the number of white blood cells
in the pleural fluid [1, 2].
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All 20 consecutive patients were prospectively studied.
Their age ranged 15-92 yrs (median 48 yrs), 14 males
and 6 females. Inclusion criteria for the protocol were:
multiloculated pleural effusion confirmed by chest CT
and/or US; and failure of drainage via thoracostomy (<70
mL for the last 24 h), after intrapleural instillation of
100 mL of normal saline and after assurance that tube
clogging, kinking or improper positioning was excluded.

Multiloculations were defined as obvious septations
seen on chest CT and/or US, or air-fluid levels in the
pleura seen on chest radiography. Exclusion criteria were:
the presence of florid sepsis; bronchopleural fistula; and
contraindication to thrombolytic therapy, such as history
of haemorrhagic stroke, intracranial neoplasm, cranial
surgery or head trauma within 14 days, or major tho-
racic or abdominal surgery within 10 days.

Underlying diseases or predisposing factors for the
development of pneumonic infection were: alcohol abuse
(1); lung malignancy with postobstructive pneumonia (2);
head injury with obtundation and aspiration (2); epilepsy
with aspiration (1); subdiaphragmatic infection (1); dia-
betes mellitus (4); and periodontal disease (2). In the other
seven patients, no predisposing factors or underlying disea-
ses were identified. No patient had positive blood cultures
for common pathogens. Sputum cultures were positive
in three patients and pleural fluid cultures were positive
in five, two of whom also had positive sputum cultures.

Urokinase instillation

Closed intercostal drainage was carried out with a 28—
32 F chest tube attached to a water-sealed system. Drain-
age from the chest tube was recorded every 8 h. Urokinase
was administered intrapleurally on a daily basis, as a
solution of 50,000 U in 100 mL of 0.9% saline solution
via the chest tube using a syringe and a 21-gauge needle.
The tube was subsequently clamped for 3 h and the
patient was rotated in various positions to disperse the
drug. Consequently, the chest tube was opened to suc-
tion. The interval time from the chest tube placement to
initiation of urokinase administration ranged 1-5 days.
Urokinase was reinstilled, if on repeat US examination
persistent pleural effusion was found 24 h after the pre-
vious instillation. In order to avoid any volume effect
due to instillation or to serve as a control, before start-
ing urokinase we instilled intrapleurally 100 mL of nor-
mal saline. Streptokinase was instilled if the drained
volume was not changed after 24 h.

Assessment

The effectiveness of our protocol was assessed by: 1)
clinical outcome (reduction in fever, pain, dyspnoea and
cough, and improvement in general well-being); 2) moni-
toring the volume of fluid drained from the chest tube
daily; 3) chest radiography; and 4) serial chest US and/or
CT. An unfavourable response was defined by the follow-
ing, despite good tube position: continued or worsening
symptomatology; and no improvement or worsening in
the imaging picture, manifested by increase in pleural fluid
volume or appearance of new air-fluid levels. Decision
to continue urokinase instillation or to proceed to open

thoracotomy was taken by the attending pneumonologist
and thoracic surgeon on the basic of clinical judgement.
Chest tubes were removed after the net fluid drainage was
less than 50 mL in 24 h. Haematological studies included
determination of haematocrit, platelet count, prothrom-
bin time, activated partial thromboplastin time, and lev-
els of fibrinogen.

Radiographic improvement was evaluated indepen-
dently by two specialists, a pneumonologist and a radio-
logist. The last chest radiograph (CXR) prior to urokinase
initiation and the CXR taken at the end of the urokinase
administration were evaluated. The changes in chest radio-
graphy used for scoring were the reduction (improve-
ment) in the dimensions of the pleural effusion at right
angles to each other, as described previously [5]. Briefly,
they were scored as: 0 (no change); 1 (less than 1/3
improvement); 2 (improvement between 1/3 to 2/3); and
3 (more than 2/3 improvement). If there was interobserver
disagreement on scoring, the lower score was recorded.
Serial US evaluation was made by an experienced oper-
ator for the presence of persistent loculations.

The volume of pleural fluid drained from the chest
tube was recorded daily as well as the total solution in-
stilled in the pleural cavity. Body temperature was recor-
ded every 3 h and the maximum measurements prior and
after urokinase administration were compared. The pro-
tocol had been reviewed and approved by the Ethics Com-
mittee of the institution.

Pleural fluid data

Pleural fluid analysis on initial thoracentesis showed
an exudate pleural effusion in all patients according to
the criteria of LiGHT [1, 2]. Macroscopically turbid fluid
was found in all but seven patients, in whom it was puru-
lent. Pleural fluid pH (<7.2) and glucose (<60 mg-dL-!)
were low in all patients. White blood cell count (WBC) was
elevated in all 20 patients (mean 22.9x10° cells-L!).

Follow-up

All patients were followed up for a mean period of 10
months (range 7-24 months) by clinical examination, chest
radiography, US and/or CT of the thorax.

Statistical analysis

All values are expressed as meantsp. Comparison of
means between groups was performed with the Chi-
squared test and two-way analysis of variance (ANOVA).
A p-value of less than 0.05 was considered significant.

Results

Clinical improvement in terms of fever, dyspnoea, dis-
comfort, debilitation, efc. was noted after the end of the
course of urokinase in all but one patient (No. 5). This
patient underwent thoracotomy 5 days post-urokinase due
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Fig. 1. — Fluid drainage before (-24 h) and after (+24 h, mean daily
and total) urokinase treatment. The 24 h mean drained pleural fluid
was significantly increased after urokinase treatment. Values are pre-
sented as meantsp.

to unfavourable response (worsening symptomatology after
initial improvement and apyrexia, minimal CXR impro-
vement and persistent loculation on repeat US examina-
tion). On surgical exploration, a stage III pleural empyema
(organizing stage) was found, and an empyematectomy
was performed with a long-term successful result.

The total drainage before the use of urokinase ranged
50-540 mL over 2—-6 days. The mean (+sp) volume of
pleural fluid drained during the 24 h before urokinase
instillation was 48+20 mL (range 070 mL). No signifi-
cant difference in the drained fluid was observed before
and after normal saline instillation. The mean (sp) vol-
ume of pleural fluid drained during the first 24 h post-
urokinase was 31096 mL (range 300-1,320 mL), and
the mean (sp) net total fluid drained 1,858+£670 mL
(range 590-2,600), (fig. 1). A significant increase of drain-
ed volume after urokinase instillation was observed at
24 h in comparison to pre-urokinase drainage (p<0.0001).
The mean daily drainage with urokinase treatment was
significantly greater in comparison with the last 24 h
drainage prior to urokinase (p<0.0001) (fig. 1). The num-
ber of urokinase instillations ranged 3—7 (median 5).

The overall CXR improvement score was 2.6+0.75 as
determined by both observers. A score of 3 improve-
ment (excellent) on CXR was noted in 15 patients (70%);
a score of 2 (moderate) in two patients (15%); and ano-
ther three patients had a score of 1 (minimal improve-
ment). The two patients with clinical but minimal CXR
improvement at follow-up showed a progressively
resolving pleural thickening. The third patient without
clinical improvement underwent thoracotomy as men-
tioned above. The overall success rate for urokinase treat-
ment was 95%.

No significant changes in the coagulation profile of
the patients were observed. All patients tolerated the
drainage procedures and instillation of urokinase well.
No adverse reactions or side-effects due to urokinase ad-
ministration was noted. Pain during instillation occurred
in one patient, but it was not severe enough to stop treat-
ment. The 19 patients successfully treated with urokinase
had no recurrences and were doing well at follow-up.

The total hospital stay after beginning urokinase fib-
rinolysis was 10.4+4.2 (range 7—15) days. The cost per
dose (50,000 IU) of urokinase (in USA$) was $106 and
the mean total cost of a course of urokinase for 5 days
(the mean number of treatment days of this series) was
$530. Given that the cost per dose (usual dose of 250,000
1U) of urokinase is $122, the cost of urokinase is chea-
per than streptokinase.

Discussion

Where as streptokinase has been reported to be effec-
tive and safe in patients with CPE and PE, urokinase
has rarely been evaluated [14—18]. Urokinase is a direct
plasminogen activator, which is not antigenic, and the rare
reactions observed with it are probably related to conta-
minants (pyrogens) in the solution [18].

In 1989, MouLToN et al. [14] first reported the appli-
cation of urokinase in loculated pleural effusions. This
technique was further used in other small series [15—19],
but the best dose of urokinase, frequency of instillation,
and time of initiation of treatment have not yet been ade-
quately determined. The reported doses of urokinase
instillations have ranged 80,000-450,000 U, whilst the
duration of treatment has ranged 3-8 days [14-18].
Furthermore, instillations have been left in place 1-4 h
each and have been repeated at 1-24 h intervals. Dura-
tion of treatment is determined mainly by the presence
of residual fluid collection as measured by repeat CXR,
US and/or CT.

In the present prospective series of 20 consecutive
patients with parapneumonic loculated pleural effusions,
urokinase was used at a low dose of 50,000 U in 100
mL normal saline and the total time of retaining the drug
into the cavity was 3 h. The reason for choosing such a
protocol was to test whether low doses of urokinase are
effective, to reduce possible adverse reactions to uroki-
nase, and to keep the cost of treatment to a minimum.
The good results of our study show that this dose and
time of treatment are sufficient for fibrinolysis.

In order to avoid any volume effect due to instillation
or to serve as a control, before starting urokinase, 100
mL of normal saline was instilled intrapleurally. No
significant difference in the drained fluid was observed
before and after normal saline instillation, whereas sig-
nificantly increased drainage was noted after urokinase
initiation (p<0.0001) (fig. 1).

Although comparative studies for the best dose and
duration of tube clamping are not available, our results
show that the technique we followed is safe. Furthermore,
the 3 h duration of intrapleural clamping used proved
successful in terms of pleural cleaning.

In a comparative study between two fibrinolytic drugs,
we found that urokinase is as effective as streptokinase
but safer [20]. The results of the present study suggest
that intrapleural administration of urokinase in patients
with loculated CPE or PE is a safe and effective approach
in promoting drainage. Its use should be started early,
if after chest tube placement inadequate evacuation of
pleural fluid is noted radiographically with no clinical
improvement. Its use may decrease the need for surgi-
cal intervention, as well as multiple chest tube place-
ment, which increases discomfort, complications and cost
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of treatment. Our results do not suggest regular moni-
toring with coagulation studies in patients without pre-
existing coagulation abnormalities.

Concerns about the cost of urokinase and the low inci-
dence of side-effects with purified streptokinase are prob-
ably the reasons why urokinase is rarely used [17].
The daily cost of 50,000 IU urokinase varies in diffe-
rent countries, e.g. $106 in USA and $33 in Greece, and
the average cost of the drug for 5 days (average num-
ber of treatment days for our series) was $530 and $158,
respectively. This is about the same cost as for the use
of streptokinase, taking into account that the dose of
streptokinase usually instilled is 250,000 IU at a cost of
$122. The results of our study, which show that a mini-
mal dose of urokinase is effective for fibrinolysis, could
recommend it as the procedure of choice in cases of locu-
lated parapneumonic effusions.
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