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Parapneumonic pleural effusion:
early versus late thoracoscopy
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Objective: To evaluate the best time to perform thoracoscopy for the treatment of
complicated parapneumonic pleural effusion in the fibrinopurulent phase in patients <
14 years of age, regarding the postoperative evolution and occurrence of complications.
Methods: This was a retrospective comparative study involving patients with
parapneumonic pleural effusion presenting with septations or loculations on chest
ultrasound who underwent thoracoscopy between January of 2000 and January of 2013.
The patients were divided into two groups: early thoracoscopy (ET), performed by day
5 of hospitalization; and late thoracoscopy (LT), performed after day 5 of hospitalization.
Results: We included 60 patients, 30 in each group. The mean age was 3.4 years;
28 patients (46.7%) were male; and 47 (78.3%) underwent primary thoracoscopy (no
previous simple drainage). The two groups were similar regarding gender, age, weight,
and type of thoracoscopy (p > 0.05 for all). There was a significant difference between
the ET and the LT groups regarding the length of the hospital stay (14.5 days vs. 21.7
days; p < 0.001). There were also significant differences between the groups regarding
the duration of fever in days; the total number of days from admission to the initiation
of drainage; and the total number of days with the drain in place. Eight patients (13.6%)
had at least one post-thoracoscopy complication, there being no difference between the
groups. There were no deaths. Conclusions: Performing ET by day 5 of hospitalization
was associated with shorter hospital stays, shorter duration of drainage, and shorter
duration of fever, although not with a higher frequency of complications, requiring ICU
admission, or requiring blood transfusion.
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INTRODUCTION

It is estimated that between 28% and 53% of children
hospitalized with bacterial pneumonia have complications
such as pleural effusion or empyema.® Although there
has been a reduction in the frequency of hospitalizations
for pneumonia, especially in countries where there is
universal vaccination for Streptococcus pneumonia, the
incidence of parapneumonic pleural effusion (PPE) has
increased and appears to be related to the emergence
of antibiotic-resistant strains.?

The critical factor in the prognosis of PPE is the time
from the onset of the condition to the initiation of
adequate treatment.(*? Until the early 1990s, surgical
debridement via thoracoscopy was indicated after a period
of simple drainage, if there was no clinical improvement.®
Currently, there is evidence from retrospective studies,“*”
prospective studies,(*®29 systematic reviews,(?1-2%
and a meta-analysis®® in favor of the superiority of
thoracoscopy over simple drainage in the treatment of
pleural empyema, indicating that thoracoscopy should be
performed, especially when ultrasound shows septations
or loculations.?” However, PPE being approached late is
still common, there being delay and difficulty in referring
such children to referral centers.

Early referral for thoracoscopy has the advantage of
the procedure being easy to perform, allowing better
drainage, less perioperative bleeding, shorter surgical
time, shorter duration of chest drain in place, and a
greater likelihood of obtaining full expansion of the
affected lung, avoiding thoracotomy for pulmonary
decortication.>#*® In addition, early thoracoscopy (ET)
allows a shorter length of hospital stay (LOS), shorter
duration of fever, and reduced risk of complications of
prolonged drainage (pain, bronchopleural fistula, lung
entrapment, and nosocomial infection). -2

This study is motivated by the need to evaluate the
optimal timing of thoracoscopy, as well as the post-
procedure course and complications. The objective was
to compare ET vs. late thoracoscopy (LT) as an approach
for complicated PPE in the fibrinopurulent phase.

METHODS

This was a retrospective comparative study involving
analysis of the medical charts of children diagnosed with
complicated PPE in the fibrinopurulent phase who were
admitted to a pediatric referral hospital. The study project
was approved by the Research Ethics Committee of the
Federal University of Minas Gerais (Ruling no. 353.069).
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Being retrospective, this study was granted a waiver
of written informed consent.

The course of complicated PPE involves three
phases: exudative; fibrinopurulent; and organizing.
In the exudative phase, which occurs within 72h
after the development of the initial effusion, simple
chest drainage is usually sufficient. However, in the
fibrinopurulent phase, which occurs within 3 to 14
days after the development of the initial effusion, we
have to resort to the use of fibrinolytic agents or to
mechanical debridement via thoracoscopy for correct
cleaning of the various loculations in the pleural cavity.

We included all children admitted to the inpatient unit
with a diagnosis of complicated PPE who presented with
septations, debris, or loculations on chest ultrasound
and who underwent thoracoscopy between January of
2000 and January of 2013. Indications for thoracoscopy
were persistent fever or respiratory symptoms (clinical
criteria) and loculations (ultrasound criteria). In all
cases, the fibrinopurulent phase was confirmed during
surgery. We excluded patients with complicated PPE
who, at the time of the first evaluation by pediatric
surgery, were found to be in the organizing phase,
underwent pulmonary decortication via thoracotomy,
or presented with necrotizing pneumonia on chest CT.
We also excluded patients who were transferred to
another hospital after the procedure.

Between 2000 and 2004, thoracoscopy was performed
using a mediastinoscope (Carlens’ technique) under
general anesthesia without selective intubation, with
patients in a lateral decubitus position, lying on the
nonaffected side. The mediastinoscope was inserted
into the thoracic cavity through a small incision in the
4th intercostal space at the midaxillary line, and the
other instruments (vacuum pump and clamp forceps)
were inserted through the mediastinoscope. A 22-gauge
chest drain was inserted into the pleural cavity after
the mediastinoscope was removed. Between 2004 and
2013, thoracoscopy was performed as a video-assisted
procedure under general anesthesia without selective
intubation, with patients in a lateral decubitus position,
lying on the nonaffected side. A small incision was
made in the 4th intercostal space at the midaxillary
line, through which a 5- or 10-mm trocar was inserted
and a 30° endoscope was passed. Subsequently, carbon
dioxide insufflation at a pressure of 6 mmHg created
an artificial pneumothorax and partially collapsed the
lung, and a 5-mm trocar was inserted in the same
intercostal space at the posterior axillary line, through
which instruments (vacuum pump, forceps, and the
endoscope itself) could be handled. Septations and
fibrin clots were removed, and the thoracic cavity
was flushed with saline. At the end of the procedure,
a 22-gauge chest drain was put in place through the
first trocar incision. The mean procedure time was 40
min, and all patients underwent chest drainage at the
end of the procedure. Whenever possible, pleural fluid
was collected and sent for bacteriological examination.

For the purpose of comparison, the patients were
divided into two treatment groups: ET, performed by
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day 5 of hospitalization; and LT, performed after day
5 of hospitalization.

Secondary thoracoscopy was defined as surgical
debridement after simple drainage. Primary thoracoscopy
(no previous simple drainage) was performed when
there were ultrasound indications for it (septations,
debris, or loculations).

The intervening variables analyzed were age, weight,
gender, duration of fever before admission, undergoing
thoracentesis before thoracoscopy, undergoing simple
drainage before thoracoscopy, requiring ICU admission,
requiring blood transfusion, undergoing chest CT, and
occurrence of complications.

In order to assess patient course in the ET and the
LT groups, the response variables were LOS; LOS after
thoracoscopy; duration of fever in days; duration of fever
in days, after admission; total number of days from
admission to the initiation of drainage; total number
of days with the drain in place; and total number of
days with the drain in place after thoracoscopy.

Data were analyzed with the Statistical Package for
the Social Sciences, version 14.0 (SPSS Inc., Chicago,
IL, USA). Associations between treatment group (ET
and LT) and each of the variables of interest were
assessed with the chi-square test and Student’s
t-test, assuming non-equality of variances. The level
of significance was set at 5% (p < 0.05).

RESULTS

We analyzed the medical charts of 65 children, of
whom 2 were excluded because they were transferred
to another hospital after the surgical procedure and 3
were excluded because they underwent thoracotomy for
decortication or presented with necrotizing pneumonia
in the first evaluation by surgery. The final sample
therefore consisted of 60 patients. The mean age was
3.4 years, and 28 (46.7%) were male. Most (83%)
resided in the city of Belo Horizonte, Brazil.

Chest ultrasound revealed septations, debris,
or loculations in all patients, 42 (70.2%) of whom
presented with these changes on the first ultrasound.
Chest CT was performed in only 3 patients (5.0%),
of whom 1 was in the ET group and 2 were in the LT
group (p = 0.576).

The mean time from hospital admission to
thoracoscopy was 6.4 days (2.9 and 9.8 days,
respectively, in the ET and the LT groups). The mean
time from hospital admission to the first chest drainage
was 5 days (range: 0-17 days). In the ET group, the
time from fever onset to thoracoscopy was less than
15 days in all patients. In the LT group, the time from
fever onset to thoracoscopy was greater than 21 days
in only 1 patient. Therefore, 59 patients (98.3%)
underwent thoracoscopy within the first three weeks
of the fever course.

Of the sample as a whole, 47 patients (78.3%)
underwent thoracoscopy as the primary intervention
(no previous simple drainage). Pleuroscopy was
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performed in 19 patients (31.7%), and video-assisted
thoracoscopic surgery was performed in 41 (68.3%).
The ET and the LT groups each had 30 patients. Table
1 shows the patient descriptive characteristics and
the procedures performed before thoracoscopy, by
treatment group and total.

The ET and the LT groups were similar (p > 0.05)
regarding male/female proportion, mean age, mean
weight, and type of thoracoscopy. The proportion of
patients undergoing thoracentesis and the proportion of
patients undergoing simple drainage were higher in the
LT group, with a trend toward a statistically significant
difference in the latter proportion (p = 0.057). The
patients in the ET group showed longer duration of
fever before hospital admission (p < 0.001).

Table 2 presents data regarding patient course by
treatment group and total. There were statistically
significant differences between the ET and the LT groups
(p < 0.05) regarding the mean LOS, the duration of
fever in days, the total number of days from admission
to resolution of fever, the total number of days from
admission to the initiation of drainage, and the total
number of days with the drain in place. With regard
to the LOS after thoracoscopy and the total number
of days with the drain in place after thoracoscopy, the
two groups were similar, with no statistically significant
differences being found. Of the sample as a whole,
47 patients (78.3%) were admitted to the ICU after
surgical debridement. The proportion of patients who
required ICU care was similar in the ET and the LT

groups (76.7% and 80.0%, respectively; p = 0.754).
When taking into account only the patients admitted
to the ICU, there was no difference in the length of
ICU stay between the ET and the LT groups (4.6 vs.
7.7 days; p = 0.310).

Eight patients (13.6%) had at least one complication
after thoracoscopy: bronchopleural fistula, in 4 (6.8%);
lung entrapment, in 2 (3.4%); fistula and entrapment,
in1(1.7%); and pneumothorax, in 1 (1.7%); there
being no significant difference between the groups (p
= 0.959). There were no deaths among the patients
included in the study. One patient in the LT group
required thoracotomy for decortication. Overall, 21
patients (35%) required blood transfusion at some point
during hospitalization. This proportion was higher in
the LT group (n = 13; 43.3%) than in the ET group (n
= 8; 26.7%), but there was no statistically significant
difference (p = 0.176).

DISCUSSION

Various studies have shown that, when approaching
pleural empyema, surgical debridement via thoracoscopy
is a safe, effective procedure that allows a shorter LOS
compared with simple drainage.*23:2>26) However, few
studies have compared timing of thoracoscopy (ET
vs. LT) in children, as has been done in the present
study.*?

ET, performed by day 5 of hospitalization, was
associated with a better course, characterized by a

Table 1. Patient descriptive and comparative statistics regarding gender, age, weight, type of thoracoscopy, and
procedures before thoracoscopy, by treatment group and total.

Variable

Gender, n (%)

Treatment
Late
(n = 30)

Male 11 (36.7) 17 (56.7) 28 (46.7) 0.121
Female 19 (63.3) 13 (43.3) 32 (53.3)

Age, years
Median (min-max) 3.0 (0.0-8.0) 3.0 (0.0-14.0) 3.0 (0.0-14.0) 0.983
Mean + SD 3.4+2.2 3.4+£2.7 3.4+£2.5

Weight, kg?
Median (min-max) 14.75 (10.50-34.00) 15.00 (7.50-52.00) 15.00 (7.50-52.00)  0.972
Mean + SD 17.06 + 5.79 17.13 + 8.46 17.10 £ 7.11

Fever before admission, days®
Median (min-max) 5.5 (0.0-9.0) 3.0 (0.0-7.0) 4.0 (0.0-9.0) <0.001
Mean + SD 5.6 +2.6 3.2+2.1 4.4+2.6

Type of thoracoscopy, n (%)
Pleuroscopy 8 (26.7) 11 (36.7) 19 (31.7) 0.405
Video-assisted thoracoscopic surgery 22 (73.3) 19 (63.3) 41 (68.3

Thoracentesis, n (%)
Yes 15 (50) 21 (70) 36 (60) 0.114
No 15 (50) 9 (30) 24 (30)

Simple drainage before thoracoscopy, n (%)
Yes 3 (10) 10 (33) 13 (22) 0.057
No 27 (90) 20 (67) 47 (78)

min: minimum; and max: maximum. 2Data regarding 27 patients in the late treatment group. "Data regarding 28
patients in the early treatment group and 26 patients in the late treatment group.
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Length of hospital stay, days?
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Table 2. Patient descriptive and comparative statistics regarding patient course, by treatment group and total.
Variable

Treatment
Late
(n = 30)

Median (min-max) 13.0 (7.0-42.0)  19.5 (11.0-49.0)  16.0 (7.0-49.0) < 0.001
Mean + SD 14.5 £+ 6.5 21.7 £+ 8.2 18.1 £8.2

Length of hospital stay after thoracoscopy, days
Median (min-max) 10.0 (7.0-39.0) 10.0 (4.0-30.0) 11.8 (4.0-39.0)  0.885
Mean = SD 11.7 £ 6.3 11.9£6.2 10.0 £ 6.2
Fever, days® 21 22 43
Median (min-max) 11.0 (3.0-27.0)  17.0 (10.0-40.0)  14.0 (3.0-40.0)  0.014
Mean = SD 12.8 £ 5.9 17.6 £ 6.2 15.1 £ 6.4

Time from admission to resolution of fever, days®
Median (min-max) 7.0 (0.0-23.0) 13.0 (7.0-41.0) 10.5 (0.0-41.0)  0.001
Mean + SD 7.8+5.9 15.6 + 7.8 11.7+7.9

Time from admission to the initiation of drainage, days®
Median (min-max) 3.0 (-5.0a7.0) 7.0 (0.0-17.0) 5.0 (-5.0a17.0) < 0.001
Mean + SD 2.6+2.3 7.4+3.9 5.0 +4.0

Duration of drain in place, days?
Median (min-max) 3.0 (2.0-10.0) 3.5 (2.0-27.0) 3.0 (2.0-7.0) 0.027
Mean + SD 3.6+2.4 7.4+6.6 5.5+5.3

Duration of drain in place after thoracoscopy, days?
Median (min-max) 3.0 (0.0-8.0) 3.0 (0.0-18.0) 3.0 (0.0-18.0) 0.330
Mean = SD 3.3+2.0 4.3+4.2 3.8+3.3

min: minimum; and max: maximum. #Data regarding 29 patients in the early treatment group. "Data regarding
21 patients in the early treatment group and 22 patients in the late treatment group. Data regarding 21 patients
in each of the two treatment groups. ¢Data regarding 19 patients in the early treatment group and 20 patients in

the late treatment group.

shorter LOS, shorter duration of drainage, and shorter
duration of fever, and was not associated with a higher
frequency of complications, requiring ICU admission,
or requiring blood transfusion. The fact that the ET
and the LT groups were similar regarding age, gender,
and weight and were in the same stage of the effusion
(fibrinopurulent phase, as determined on the basis
of chest ultrasound findings and duration of fever)
improves the reliability of our results. It should be
noted that the LOS after thoracoscopy and the duration
of drainage after thoracoscopy were similar in the two
groups, suggesting that the timing of thoracoscopy
was a determinant of patient course.

Chest ultrasound performed with quality equipment
by professionals experienced in evaluating children
in 100% of the patients provided the basis for a
thoracoscopy approach, since there is evidence of the
ineffectiveness of a conservative approach in cases of
pleural effusion with septations and loculations.?” CT
was rarely required, which is in line with other studies
and with the concern over the use of procedures
involving radiation, especially in children.?”

The longer duration of fever before admission in the
patients in the ET group could be the explanation for
the decision to pursue earlier surgical intervention. It is
of interest to observe that, despite the longer duration
of fever before admission, the patients in this group
had a better course, underscoring the importance of

ET. However, since the present study was retrospective,
other factors that were not analyzed, such as clinical
severity, time from admission to surgical evaluation, and
the surgeon’s decision regarding the initial approach,
may have influenced the decision regarding the timing
of the surgical intervention. At the hospital where the
study was conducted, there is a protocol recommending
that chest ultrasound should be performed in all cases
of PPE and that thoracoscopy should be performed in
cases with septations and loculations. However, the
team is composed of seven surgeons, and this may
have introduced a bias. The decision regarding the
timing of thoracoscopy was made at the discretion
of the surgeon, there being variations in the decision
regarding optimal timing within the team. Nevertheless,
patient course after thoracoscopy was the same in
the two groups, suggesting that treatment responses
and, probably, the quality of the surgical technique
were similar.

Simple drainage was performed in the two groups
(in 10% and 33% of the patients in the ET and the
LT groups, respectively). The proportion of patients
undergoing simple drainage was higher in the LT
group, with a trend toward a statistically significant
difference (p = 0.057). Some authors have shown
that primary thoracoscopy is superior to secondary
thoracoscopy (performed after simple drainage).-%
However, it is known that some cases may respond
well to conservative treatment (with or without
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simple drainage) and that it is not easy, a priori, to
distinguish between such cases and those that will
require thoracoscopy.’?®) What this study intended
to show is that thoracoscopy should not be delayed,
even if other procedures are performed.

The LOS is the main variable analyzed in order to
assess the courses of patients undergoing thoracoscopy
for complicated PPE because it is a reliable datum, even
for retrospective analysis, and reflects several other
aspects of the patients’ courses. The mean LOS has
been reported to range from 5.8 to 21 days.#-11/13-20.29,30)

There are studies that report the LOS, the duration of
chest drainage, the success rate, and the frequency of
complications, but with no comparison group regarding
the timing of thoracoscopy.(*3-17:29,30)

Other authors have compared primary thoracoscopy
or ET with other approaches for the treatment of
PPE.(10.11,18-20) The superiority of thoracoscopy over
conservative treatment, with or without simple drainage,
is well established. Avansino et al.(?® showed in a
meta-analysis that the surgical intervention rate is ten
times higher in patients undergoing simple drainage
than in those undergoing primary thoracoscopy. Shah et
al.®Y found that, in addition to a longer LOS, the simple
drainage group had a higher cost of hospitalization
attributable to medication use and tests performed.
Recent prospective studies have shown that there
is a similarity between fibrinolytic drainage and the
thoracoscopic approach, the cost being lower and the
frequency of therapeutic failure being higher for the
former.(1°:20)

Three studies have compared primary with secondary
thoracoscopy, and four, including the present study,

have compared timing of thoracoscopy (ET vs. LT;
Chart 1). In all of them, the results showed a shorter
LOS for ET and/or primary thoracoscopy (range:
10.1-14.5 days).*

Regardless of being comparative or not, some studies
have shown surprising results, reporting mean LOS
rates of less than 10 days. Analysis of these studies
shows that it is possible that not all patients were in
the fibrinopurulent phase, there being some very early
referrals for thoracoscopy, which was performed within
the first 24-48 h of hospital admission.(*21418) Some
of those patients could have benefited simply from a
simple drainage (exudative phase).

One difficulty in comparing results is the criteria
for patient selection. Shah et al.*" excluded children
younger than 1 year, and, in most studies, not all
patients underwent an ultrasound evaluation. The
mean age in our study was lower than that reported
in some other studies,®!% which may have affected
the LOS. The inclusion of patients with PPE who did
not undergo an ultrasound evaluation, along with very
early referral for thoracoscopy, may mean excessive
referral for thoracoscopy and explain the shorter LOS
observed in some studies.

In addition, there are differences in access to health
care and in the organization of health care systems,
all of which can affect the response variable “LOS". For
example, in the study by Bishay et al.,** addressing
primary thoracoscopy and primary thoracotomy, the
mean duration of preoperative symptoms was 10
days, and other interventions (thoracentesis, simple
drainage, and fibrinolytic drainage) were performed
at the secondary referral center, before admission to

Chart 1. Thoracoscopy as an approach for pleural effusion in pediatric patients, 2004-2013. Studies comparing timing

Authors Design Age, Participants,

of thoracoscopy (early vs. late or primary vs. secondary).
Type of

LOS, Post- Drain, Complications,

years? n thoracoscopy days® surgery days %
LOS, days
Kalfa p 4.00 26 Early (<4d) 10.9+£4.3 NR 4.5 3.8
etal.® (0.42-16.00) 24 Late 17.0 £ 8.4 8.0 29.0
11.8
Kalfa . 400 10 Early (< 4 d) (5-23) R 5.3 0
t al. 0.83-15.00
eta ( TS Late (2?43) 9.4 30
Schultz 4 49 Early (<48 h) 11.5+6.6
R NR NS NR
etal.® (0-17) 76 Late 15.2 £ 8.6
Meier 107 Primary 10.1
R 18 NR NR 13.8
etal.? ) 44 Secondary 14.3
Schneider 31 Primary 10.5 7.4 4.2
R 17 NR
etal.® ) 18 Secondary 15.0 10.3 7.7
Aziz 5.8¢ 13 Primary 11
R NR NR NR
etal.”) <18.0 15 Secondary 18
Present R 3.4 30 Early (<5d) 14.5+6.5 11.7 3.6 13.3
study (0.6-14.0) 30 Late 21.7 £ 8.2 11.9 7.4 13.8

LOS: length of hospital stay; P: prospective; d: days; R: retrospective; Primary: thoracoscopy as the first therapeutic
intervention; Secondary: thoracoscopy after simple drainage; NR: not reported; and NS: not significant. ?Values
expressed as median (interquartile range) or as age bracket. ®Values expressed as mean (+ SD) or as median

(interquartile range). “Value expressed as mean.
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the tertiary center where the study was conducted.
The LOS at the referral hospital was not included in
the calculation of LOS.

It is also possible that the presence of comorbidities,
the clinical severity of pneumonia, the virulence of the
etiologic agents, and the criteria for hospital admission
and discharge (either more or less conservative) are
different among the various studies and that these
variables, which were not analyzed, also affect the LOS.

The frequencies of therapeutic failure and complications
were low (3.3% and 13.3%, respectively) and similar
to those reported in the literature when thoracoscopy
is performed in the fibrinopurulent phase, before the
organizing phase. The occurrence of complications
can explain the longer LOS in some cases.'7*% The
frequency of therapeutic failure was lower than that
reported in a study that did not exclude patients with
empyema in the organizing phase or with necrotizing
pneumonia, two factors that are known to be related
to a higher occurrence of complications and a longer
LOS.(1®

ICU admission occurred after thoracoscopy in most
cases, it being indicated because of perioperative
respiratory instability and because of the need for
careful postoperative monitoring, in addition to the ICU
bed availability at the hospital where the study was
conducted. Such care may have been a contributing
factor to the favorable courses experienced by the
patients. The present study’s limitations are mainly
due to the fact that it was retrospective, which is
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common to most studies on this topic because of the
small number of annual cases at each facility. In order
to minimize the bias of retrospective data collection,
we analyzed different course-related variables, and
the results were consistent.

Another limitation to extrapolating the results
obtained in the present study is due to the need for
training of pediatric surgeons in thoracoscopy and the
need for a structure of care, given that the procedures
have significant morbidity (13.3%). The Department
of Pediatric Surgery of the hospital where the study
was conducted is a referral center in the city of Belo
Horizonte, Brazil, and its surgeons are trained in
thoracoscopy, as are the anesthesiologists and the
pediatric intensive care team. This unfortunately is
not the reality in many hospitals providing pediatric
care in Brazil, and multiple drainage attempts are still
common in cases of loculated and septated effusion,
which prolongs hospitalization.

We conclude that there should be early referral
for thoracoscopy, within the first 5 days of hospital
admission, for surgical debridement of PPE in the
fibrinopurulent phase (with septations or loculations).
Reducing the LOS in children benefits not only the
children themselves, minimizing their physical and
emotional suffering, but also their families and the
population as a whole, because it allows a reduction
in costs and the release of hospital beds. Prospective
studies, comparison with the initial fibrinolytic approach,
and evaluation of the costs of the different approaches
in Brazil should be the object of future study.
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