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ABSTRACT: The efficacy of three different treatment protocols was compared: 1)
simple chest tube drainage (Drain); 2) adjunctive intrapleural streptokinase (IP-SK);
and 3) an aggressive empirical approach incorporating SK and early surgical drain-
age (SK+early OP) in patients with pleural empyema and high-risk parapneumonic
effusions.

This was a nonrandomized, prospective, controlled time series study of 82 consec-
utive patients with community-acquired empyema (n=68) and high-risk parapneu-
monic effusions (n=14). The following three treatment protocols were administered in
sequence over 6 years: 1) Drain (n=29, chest catheter drainage); 2) IP-SK (n=23,
adjunctive intrapleural fibrinolysis with 250,000 U.day-1 SK); and 3) SK+early OP
(n=30, early surgical drainage was offered to patients who failed to respond promptly
following initial drainage plus SK).

The average duration of hospital stay in the SK+early OP group was significantly
shorter than in the Drain and IP-SK groups. The mortality rate was also significantly
lower in the SK+early OP than the Drain groups (3 versus 24%).

It was concluded that an empirical treatment strategy which combines adjunctive
intrapleural fibrinolysis with early surgical intervention results in shorter hospital
stays and may reduce mortality in patients with pleural sepsis.
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Pleural empyema is a serious complication of pleuro-
pulmonary sepsis. It can be associated with considerable
morbidity and a mortality rate >20% [1±3]. It usually
develops as a parapneumonic effusion which occurs in up
to 40% of patients with community-acquired pneumonia
[4]. A sub-group of patients acquire high-risk parapneu-
monic effusions that progress rapidly from free-flowing
pleural exudates to multiloculated fibrinopurulent collec-
tions within a few days [4±6]. Pleural empyema may also
appear de novo without an associated pneumonic process.

The treatment for pleural sepsis involves empirical
antibiotics for the most prevalent bacteria plus expedient
and safe drainage of the infected pleural cavity. There are
various methods of draining the pleural cavity. These
include needle aspiration, chest tube drainage, thoraco-
scopic drainage and open thoracotomy. Recent advances in
this area include the use of smaller, flexible image-guided
catheters [7], the administration of adjunctive intrapleural
fibrinolytic agents to facilitate fluid drainage [8], and sur-
gical interventions such as video-assisted thoracoscopic
drainage (which is less painful than conventional thoraco-
tomy) [9, 10].

The clinical efficacy of adjunctive fibrinolysis using
streptokinase (SK) had been evaluated in two controlled
trials [11, 12]. Both studies reported that significantly larg-
er volumes of pleural fluid were drained from patients
treated with daily intrapleural instillations of SK than from
control patients. DAVIES et al. [11] also showed that the
treatment group had better lung expansion at the time of

discharge from hospital. However, it has also been shown
that the administration of SK did not result in significant
improvement in the key measures of clinical outcome such
as duration of hospital stay, the need for surgical drainage
or mortality [12]. Nevertheless, intrapleural SK is relati-
vely safe [13], inexpensive and may induce prompt res-
olution in some patients [12]. Thus, it may be offered as an
adjunctive modality in the initial empirical treatment of
pleural sepsis [14].

WAIT et al. [15], in a randomized controlled trial of
patients with loculated parapneumonic empyema, found
that a strategy of primary treatment by video-assisted
thoracoscopic surgery was associated with higher efficacy,
shorter hospital stay and lower cost than intrapleural
streptokinase [15]. This high success rate of early surgical
intervention is consistent with the experiences of POTHULA

and KRELLENSTEIN [16], LEMENSE et al. [17] and THOURANI

et al. [18] all of whom employed more the invasive
thoracotomy.

An aggressive approach to pleural sepsis that incorpo-
rates the recent advances of image-guided placement of
drains, intrapleural fibrinolysis and early surgical drainage
has been advocated by both S.A. Sahn [17] and R.W. Light
[19, 20]. This recommendation of an early aggressive ap-
proach to surgical drainage is based, however, mostly upon
expert opinion and not on evidence derived from large
comparative studies. In this regard, DAVIES and GLEESON

[21] suggested that large numbers of patients should be
enrolled into multicentre controlled trials.
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Therefore, in this controlled study, the efficacy of an
aggressive, empirical approach which incorporated pleural
fibrinolysis with early surgical drainage in the treatment of
pleural sepsis was examined.

Methods

This was a prospective, controlled, time-series study of
three different treatment protocols in 82 consecutive pa-
tients admitted to the hospital with community acquired
pleural empyema and high-risk parapneumonic effusions
from 1990 to 1997 [22]. Patients with malignant effusions,
tuberculous or fungal empyema, post-traumatic, postoper-
ative and hospital-acquired pleural sepsis were excluded.
Empyema [23] was defined as 1) distinctly purulent fluid,
2) positive bacterial culture from the fluid and/or 3)
positive Gram stain for bacteria. High-risk parapneumonic
effusion [23] was defined as 1) pH <7 and/or 2) lactate
dehydrogenase (LDH) level >1,000 U.L-1.

Diagnostic thoracenthesis with a 14-G venula was per-
formed for all patients in whom pleural sepsis was sus-
pected. The pleural fluid samples were sent for differential
cell counts, biochemical analysis, Gram stain and bacterial
cultures. Following the diagnosis of either empyema or
high-risk parapneumonic effusion, closed-tube thoracenth-
esis was attempted for all patients. At the bedside, size 24
chest tubes were inserted into patients with large, de-
pendent pleural fluid collections while smaller 7 to 12-
French pigtail catheters were placed under image guidance
in the radiology department for those with multiloculated
or nondependent fluid collections. All patients were as-
sessed at least once daily and the need for further imaging
and drainage was decided on an individual basis.

The three treatment protocols were instituted in se-
uence. Simple tube drainage (Drain) was utilized as the
primary drainage modality in 29 patients, adjunctive in-
trapleural streptokinase (IP-SK) was administered in 23
patients and 30 patients were treated with an empirical
approach which incorporated SK and early surgical drain-
age (SK+early OP). The same group of chest physicians
managed all patients during the study period and they
followed a consistent approach to the schedule of initial
empirical antibiotics, decisions on the efficacy of treatment
and fitness for hospital discharge.

In the IP-SK protocol, 250,000 U SK with 100 mL
saline was instilled into the pleural cavity on a daily basis.
The SK was left in the pleural cavity for about 4 h
following which the chest tube was unclamped, and the
fluid was manually aspirated and left to drain passively
into a water-sealed chamber.

In the SK+early OP protocol, the patients were reviewed
soon after each aspiration of SK fluid and, based upon the
volume of fluid aspirated, a decision was made as to
whether a second dose of SK was indicated. The intention
was, in patients who did not respond satisfactorily to the
first dose of SK, to repeat a dose within 24 h. This follows
the suggestion of MOULTON et al. [8] that a better result
might be achieved by administering more than one dose of
SK in the same day.

In the Drain and IP-SK protocols, surgical drainage was
performed only when the pleural sepsis had obviously
failed to respond, with persistence or exacerbation of the
septic state (temperature and blood leukocyte counts) and

pleural fluid accumulation. In the SK+early OP protocol,
surgical drainage was offered to the patients within 48±72
h after the first dose of SK if they failed to show an
adequate response to the initial empirical treatment. Ade-
quate response was defined as: 1) volume of fluid drainage
commensurate with the estimated size of the pleural
collections; 2) definite improvement in radiological fea-
tures (either on plain radiographs or computed tomogra-
phy); 3) resolution of fever (a febrile response induced by
intrapleural SK usually lasts <12 h); and 4) improvement
of leukocytosis. This aggressive empirical approach is
consistent with the recommendations of most experts [17,
19, 20]. Thoracotomy was the most common (>80%) sur-
gical drainage procedure performed in this study.

The results are expressed as mean (SD) values. Con-
tinuous variables were compared with paired and unpaired
Student's t-tests where appropriate while the Chi-squared
test was used to test for differences between proportions.
The efficacy of the three treatment protocols was evaluated
on a prospective, "intention to treat" basis. Data from the
Drain and IP-SK treatment groups have been described in
an earlier publication [12].

Results

There were 82 patients (65 males and 17 females) with a
mean (SD) age of 57 (17) yrs (range 16±88 yrs). Most
patients had some comorbidity, either diabetes mellitus or
chronic cardiorespiratory illness. There were no significant
differences in age, sex ratio, frequency of comorbidity and
severity of peripheral leukocytosis between the three
groups of patients (table 1).

There were no significant differences between the study
groups in the frequency of distinct empyema, bacterial
isolates, pleural leukocytosis and biochemistry (table 2).
There was, however, a significantly larger number of
locules detected (per patient) in the SK+early OP group
(table 2) than in the other two groups.

The bacteriological results are shown in table 3. The
frequencies of positive pleural fluid isolates were com-
parable between the three groups of patients. However,
there were proportionately larger numbers of patients
with polymicrobial and Gram negative infections in the
Drain compared to the SK+early OP groups.

Table 1. ± Patient characteristics

Treatment groups

Drain IP-SK SK+early OP

Patients n 29 23 30
Age+ yr 63 (14) 50 (19) 57 (15)
Male/Female 23/6 18/5 26/4
Comorbidity* % 72 65 56
TWBC 6106.L-1 16210 18200 17500

+: Means (SD). Drain: simple chest tube drainage; IP-SK: ad-
junctive intrapleural streptokinase; SK+early OP: streptokinase
+ early surgical drainage. *: frequency of underlying diabetes
mellitus, chronic cardiorespiratory illness, end-staged renal fail-
ure and cancer. TWBC: total white blood cell count. There were
no statistically significant differences between the three groups
of patients.
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Table 4 compares the intensity of treatment and timing
of surgical drainage between the study groups. Patients in
the IP-SK treatment group received the most chest tubes
and were administered significantly more doses of SK
than those in the SK+early OP group. No adverse effects
could be ascribed to SK treatment. Surgical drainage
(thoracotomy >80%) was performed in a larger propor-
tion of patients in the SK+early OP group than either
Drain (statistically significant, x2 p<0.05) or IP-SK (NS)
groups. Surgical intervention was instituted an average of
12 days earlier in the SK+early OP group than in the other
two study groups. This data confirm that there was overall
adherence to the strategy of early, aggressive and com-
plete surgical drainage in the SK+early OP protocol. No
major complications were noted following surgery and no
patient required a repeat operation.

Table 5 compares the key outcome measures between
the study groups. The duration of hospital stay was ap-
proximately one week less in patients treated according to
the SK+early OP protocol than those managed according
to the other two protocols. Furthermore, the mortality rate
in the SK+early OP group was significantly lower than in
patients treated with simple tube drainage (Drain group).
Seven patients in the Drain group died, six from sep-
ticaemia and one following a myocardial infarction. The
majority of deaths occurred in the first week of hos-
pitalization and involved elderly males with comorbid
diseases. Two patients in the SK group died, one from
septicaemia and the other from myocardial infarction.
The single death in the SK+early OP group occurred in a
patient suffering from alcoholism who developed syst-
emic sepsis and acute respiratory distress syndrome fol-
lowing successful surgical drainage of the empyema.

Discussion

This was a prospective, controlled study of the efficacy
of combining intrapleural fibrinolysis with early surgical
drainage in the treatment of community-acquired pleural
sepsis. It confirms the results of investigators who had
previously reported success rates of up to 95% with early
aggressive surgical intervention [16, 17]. It is also con-
sistent with the findings of WAIT et al. [15] who, in a small
but well conducted and randomized trial, showed that pri-
mary treatment with video-assisted thoracoscopic drainage
was more cost-effective than conventional medical drain-
age with adjunctive fibrinolysis. THOURANI et al. [18], in a

retrospective cost-effectiveness analysis, also concluded
that early surgical treatment of multiloculated empyemas
with decortication resulted in reduced charges owing to
shortened length of stay and decreases in the number of
radiological procedures performed. Furthermore, a sig-
nificant reduction in mortality rate was observed when this
aggressive empirical approach was compared with con-
ventional chest catheter drainage (table 4). Thus, it was
confirmed that a treatment strategy which incorporates
many of the recent advances in pleural fluid drainage can
have a positive impact on the clinical outcome of pleural
sepsis.

The limitations of this study are the lack of randomiza-
tion, and that the investigators were not blinded and did not
use preset criteria for decision making. However, all
consecutive patients were studied, and they were managed
in a consistent manner in the same centre and by a small
group of physicians. The three treatment protocols were
instituted over consecutive epochs and the analysis com-
pleted on an "intention to treat" basis [14, 22]. Moreover,
the characteristics of the study groups, including frequency
of distinct empyema and positive bacterial cultures were
comparable (tables 1, 2 and 3). In particular, anaerobic [24]
and viridans streptococcal [1] bacterial infections which
have been associated with poorer outcomes in pleural sep-
sis, were present in similar frequencies in the three groups
of patients (table 3). There was also no change in the
pattern of antibiotics prescribed for community-acquired
pneumonia and pleural sepsis during the study period.

If there was any element of bias in this study it would
most likely have occurred during administration of the IP-
SK protocol. The authors were enthusiastic about pleural
fibrinolysis and, based upon uncontrolled reports, had
anticipated a positive outcome with SK therapy. This was
also reflected in the intensity of treatment where the largest
numbers of chest catheters per patient were administered in
the IP-SK group (table 4). Despite good adherence to the
IP-SK protocol and close patient review however, no

Table 3. ± Bacterial cultures in the pleural fluid and blood

Drain IP-SK SK+early OP

Aerobic Gram-positive cocci 7 5 6
Staphylococus aureus 5 2 4
Streptococcus pneumoniae - 2 1
Other streptococcus species 2 - 1
Enterococcus faecalis - 1 -

Aerobic Gram negative bacilli 8 4 1
Klebsiella pneumoniae 4 4 1
Pseudomonas aeruginosa 1 - -
Escherichia coli 2 - -
Enterobacter species 1 - -

Anaerobes 5 4 4
Bacteroides 3 2 1
Streptococcus milleria 1 2 2
Peptostreptococcus 1 - 1

Positive blood cultures 2 1 0

The number of patients with positive pleural fluid cultures were
comparable between the three groups: 59% (Drain), 48% (IP-
SK) and 37% (SK+early OP). However, polymicrobial pleural
isolates were noted only in 20% of the Drain and IP-SK groups
but not the SK+early OP group. Streptococcus was isolated in
blood cultures of three patients. For treatment group definitions
see table 1.

Table 2. ± Pleural fluid characteristics

Treatment groups

Drain IP-SK SK+early OP

Empyema+ % 79 74 80
Locules{ n 1.1 (0.3) 1.3 (0.6) 1.7 (0.9)*
pH 7.0 (0.6) 7.2 (0.2) 7.1 (0.3)
TWBC 6106.L-1 8300 5700 15400
LDH U.L-1 16700 14850 16000

Number of locules and pH data presented as mean (SD). For
treatment group definitions see table 1. +: percentage of patients
with empyema as defined in the Methods section; {: the number
of distinct pleural collections per patient. TWBC: total white
blood cell count; LDH: lactate dehydrogenase level. *: p<0.01,
patients in the SK+early OP group versus the other two groups.
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significant effect was found on the duration of hospital
stay, the need for surgical drainage, and mortality, when
compared to drainage with chest tubes alone (table 5).

Because only a small number of patients were recruited,
a clinically important effect of SK could have been missed
in the present study [19]. Furthermore, there was a lower
(statistically insignificant) mortality rate in the SK group
compared to the Drain group. Intrapleural SK is relatively
inexpensive and safe. Moreover, a large number of
uncontrolled studies have reported high success rates with
fibrinolysis and a few of the present patients (including
some with multiloculated empyemas) did respond rapidly
and completely to adjunctive SK [12, 19]. The possibility,
suggested by MOULTON et al. [8] that achieving a more
intense pleural fibrinolysis by administering more than one
dose of SK per day might be more effective was con-
sidered. This was incorporated into the SK+early OP pro-
tocol. However, only three patients (10%) in the SK+early
OP group received more that a single dose of SK per day.
Thus, it was not possible to assess the efficacy of a more
intensive pleural fibrinolysis regimen. This strategy may
merit a separate study.

Despite uncertainty about the efficacy of pleural fib-
rinolysis in pleural sepsis, a trial of intrapleural SK may be
appropriate for initial empirical treatment. Failure of the
pleural sepsis to respond adequately (as defined in Meth-
ods) in 48±72 h however, may be an indication for more
aggressive intervention [14]. Since SK itself may increase
the net volume of pleural fluid, increased volume of pleural
fluid drainage following adjunctive SK therapy should be
interpreted with caution [25]. It should not be the only
justification for prolonged tube drainage and repeat doses
of SK. An early decision on the need for further int-
ervention was likely a key element in the success of the
SK+early OP protocol (tables 4 and 5). Surgical drainage
was performed, on average, 12 days earlier in the SK+early
OP group and was the main factor responsible for the
shorter duration of hospital stay. These results thus corro-
borate the report by CHAM et al. [26] that showed that late
surgical referral is an important problem in the treatment of
pleural empyema.

Standard thoracotomy is a major surgical procedure. It is
associated with considerable pain and a prolonged post-
operative recovery phase. In the traditional management of
pleural sepsis, most physicians only resort to surgical
intervention when patients have clearly failed to respond to

more conservative drainage procedures. This was the ap-
proach taken during the Drain and IP-SK protocols of this
study. It resulted in average hospitalizations of approxi-
mately 3 weeks (table 4). This is comparable with the
median duration of hospitalization of 23 days reported in a
recent prospective, multicentre study from the UK [2]. It is
also similar to the experience of THOURANI et al. [18] who
reported an average stay of 22 days in patients treated
initially with image-directed catheter drainage.

Video-assisted thoracoscopic surgery is an important
advance in the surgical treatment of pleural sepsis [9, 10].
It is a less invasive procedure than thoracotomy and yet
highly effective in achieving pleural debridement and
clearance. Only four (18% of surgical drainage) patients
were treated with thoracoscopy in this study, two each in
the IP-SK and SK+early OP groups. It was therefore not
possible to compare directly the results of thoracoscopic
versus thoracotomic drainage. WAIT et al. [15] showed,
however, that early application of video-assisted thoraco-
scopic drainage can reduce the length of hospitalization to
well below 2 weeks. The cost-efficacy of an intermediate
drainage procedure such as medical thorascopy, which ob-
viates the need for general anaesthesia, also requires further
evaluation [27].

The significantly lower mortality in the SK+early OP
group than in the Drain group of patients is another notable
result of this study (table 4). The mortality rate in the Drain
group is, however, in the higher range of that in most other
reports. In view of the small number of patients studied,
higher than usual mortality experienced by the Drain group
and the lack of prospective randomization, the observation
that the SK+early OP protocol had a positive impact on
mortality should be interpreted with caution. The patients
in the Drain group were older and had more comorbid
diseases than those in the SK+early OP group although
these differences were not statistically significant. The
Drain group, however, had more complex empyemas with
a significantly higher number of pleural locules than the
SK+early OP group. Overall, the two groups of patients
had comparable prognostic features.

Septicaemia was an important cause of death in the
Drain group. It is doubtful if early surgical intervention can
have a positive impact on mortality from overwhelming
sepsis in elderly patients with comorbid diseases. The rel-
ative contributions of an intensive adjunctive SK regimen
and early surgical drainage in reducing mortality in this
study also requires further investigation.

In conclusion, the treatment of pleural sepsis, an em-
pirical approach that incorporates adjunctive fibrinolysis

Table 5. ± Clinical outcomes

Treatment groups

Drain IP-SK SK+early OP

LOS+ days 21.4 (12) 22.2 (11) 15.1 (5)**
Mortality % 24 9 3#

Data are presented as mean (SD) or percentage where indicated.
For definition of treatment groups see table 1. +: Length of
hospital stay (LOS) (as in the previous report [12], two patients
in the Drain group who had prolonged stays in hospital for
reasons unrelated to pleural sepsis were excluded). **: p<0.01,
versus the other two patient groups; #: p<0.01, versus the Drain
group.

Table 4. ± Intensity of treatment and timings of surgical
drainage

Treatment groups

Drain IP-SK SK+early OP

Chest tubes n.patient-1 1 (0.8) 1.8 (1.2)** 1 (0.8)
Streptokinase
dose.patient-1 - 5.1 (2.5)# 2.5 (1.5)

Days before surgical
drainage{ 19.5 (12) 19 (5) 7 (5)+

Surgical intervention % 14 22 43

Data presented as mean (SD) or percentage where indicated. For
definition of treatment groups see table 1. {: from start of hos-
pitalization. **: p<0.01, versus Drain and SK+early OP groups;
#: p<0.01, versus SK+early OP group; +: p<0.01, versus the
other two groups.
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and early aggressive surgical drainage may reduce the
duration of hospital stay. More prospective studies are
needed to evaluate the real impact of recent advances in
pleural fluid drainage on morbidity and mortality. Future
studies will need to compare different approaches in pa-
tient groups stratified according to a well-defined clas-
sification scheme [4, 19].
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