PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Primary Operative Versus Nonoper ative Therapy for Pediatric Empyema: A
Meta-analysis
Jeffrey R. Avansino, Bryan Goldman, Robert S. Sawin and David R. Flum
Pediatrics 2005;115;1652-1659
DOI: 10.1542/peds.2004-1405

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://www.pediatrics.org/cgi/content/full/115/6/1652

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2005 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.pediatrics.org by on October 5, 2009


http://www.pediatrics.org/cgi/content/full/115/6/1652
http://www.pediatrics.org

Primary Operative Versus Nonoperative Therapy for Pediatric Empyema:
A Meta-analysis

Jeffrey R. Avansino, MD%; Bryan Goldman, MS§; Robert S. Sawin, MD{|; and David R. Flum, MD, MPH1{

ABSTRACT. Objective. The optimal treatment of
children with empyema remains controversial. The pur-
pose of this review was to compare reported results of
nonoperative and primary operative therapy for the treat-
ment of pediatric empyema.

Methods. A systematic comprehensive review of the
scientific literature was conducted with the PubMed (Na-
tional Library of Medicine) database for the period from
1981 to 2004. This reproducible search identified all pub-
lications dealing with treatment of empyema in the pe-
diatric population (<18 years of age). A meta-analysis
was performed with studies with adequate data summa-
ries for =1 of the outcomes of interest for both treatment
groups.

Results. Sixty-seven studies were reviewed. Data
were aggregated from reports of children initially treated
nonoperatively (3418 cases from 54 studies) and of chil-
dren treated with a primary operative approach (363 cases
from 25 studies). The populations were similar in age.
Patients who underwent primary operative therapy had a
lower aggregate in-hospital mortality rate (0% vs 3.3%),
reintervention rate (2.5% vs 23.5%), length of stay (10.8 vs
20.0 days), duration of tube thoracostomy (4.4 vs 10.6
days), and duration of antibiotic therapy (12.8 vs 21.3
days), compared with patients who underwent nonopera-
tive therapy. In 8 studies for which meta-analysis was
possible, patients who received primary operative ther-
apy were found to have a pooled relative risk of failure of
0.09, compared with those who did not. Meta-analysis
could not be performed for any of the other outcome
measures investigated in this review. Similar complica-
tion rates were observed for the 2 groups (5% vs 5.6%).

Conclusions. These aggregate results suggest that pri-
mary operative therapy is associated with a lower in-
hospital mortality rate, reintervention rate, length of stay,
time with tube thoracostomy, and time of antibiotic ther-
apy, compared with nonoperative treatment. The meta-
analysis demonstrates a significantly reduced relative
risk of failure among patients treated operatively. Pedi-
atrics 2005;115:1652-1659; empyema, treatment, video-as-
sisted thoracoscopic surgery, thrombolytics, thoracotomy.

ABBREVIATIONS. VATS, video-assisted thoracoscopic surgery;
MeSH, Medical Subjects Heading.
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hospitalized with pneumonia,! ranging in inci-

dence from 0.4 to 6 cases per 1000 pediatric
admissions.? Although empyema is a common en-
tity, its management remains controversial. Thera-
peutic options include antibiotics, thoracentesis,?
thoracostomy tube,** fibrinolytics,®” video-assisted
thoracoscopic surgery (VATS),%? and thoracoto-
my.'011 Treatment measures are often used in a step-
wise manner. The role of primary operative therapy
has yet to be determined.

Empyema is a dynamic process that progresses
through 3 stages.!> Stage 1, the early exudative
phase, involves a collection of thin reactive fluid and
few cells in the pleural space. Stage 2 is the fibropu-
rulent phase, with large quantities of white cells and
fibrin deposition, which results in the formation of
loculations. Stage 3 is the organizing phase, in which
a thick fibrinous peel encases the lung, limiting its
mobility. Although drainage with tube thoracostomy
(chest tube) and antibiotics may be adequate for
stage 1 disease, the presence of loculations and fi-
brinous adhesions may limit the success of this ther-
apy.

Empyema is most often treated with primary non-
operative therapy (defined as antibiotics and thora-
centesis/chest tube drainage). This approach is asso-
ciated with prolonged hospitalization and frequent
failure, requiring salvage operative interventions.
Many series have demonstrated that children who
experience failure of nonoperative therapy exhibit
improvement after thoracotomy or VATS,!3-15 espe-
cially if the procedure is performed early.!®'” On the
basis of these results, many pediatric surgeons have
come to consider primary operative therapy a more
effective and efficient approach for treating children
with empyema.? However, there are limited data to
guide this consideration. The purpose of this study
was to review systematically the outcomes from pub-
lished reports of cases of primary operative therapy
and nonoperative therapy, to better assess the role of
primary operative therapy in the treatment of chil-
dren with empyema.

I :mpyema affects nearly 1 of every 150 children

METHODS
Study Design

A systematic comprehensive review of the scientific literature
was conducted with the PubMed (National Library of Medicine)
database for the period from January 1981 to October 2004. These
dates range from the first reports of VATS in the pediatric popu-
lation to the present.!’> This reproducible search identified all
publications involving nonoperative or operative treatment of
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empyema in the pediatric population (age: 0-18 years). Institu-
tional review board approval was not required for this project.

Search Strategy

The search strategy was conducted using the following 6 search
strategies; searches 1 to 4 were limited to all children, 0 to 18 years,
English: (1) Medical Subjects Heading (MeSH) “empyema, pleu-
ral” with subheadings complications OR drug therapy OR mor-
tality OR prevention and control OR surgery OR therapy; limited
to clinical trial (publication type) OR (NOT MeSH “case reports”
AND [publications types metanalysis OR practice guidelines OR
review OR MeSH “epidemiologic methods”]); (2) MeSH “pleural
effusion” with subheadings complications OR drug therapy OR
mortality OR prevention and control OR surgery OR therapy;
limited to clinical trial (publication type) OR (NOT MeSH “case
reports” AND key word parapneumonic); (3) MeSH “empyema”
(major heading, no explosion) AND MeSH “empyema” (MeSH,
no explosion) with subheadings drug therapy OR surgery OR
therapy AND key word pleural OR parapneu* AND (NOT MeSH
“case reports”); (4) MeSH “empyema, pleural” (MeSH) OR (“em-
pyema” [MeSH, no explosion] AND “pleural diseases” [MeSH])
AND (“thrombolytic therapy” OR “fibrinolytic agents” OR “fi-
brinolytic agents” [pharmacological action]); (5) key words fi-
brinolytic* AND empyema AND (child* OR infant* OR pediatric*
OR pediatric* OR adolescen* OR teen*); (6) key words empyema*
AND (child* OR infant* OR pediatric* OR pediatric* OR ado-
lescen* OR teen*) limited to in process titles.

Inclusion Criteria/Exclusion Criteria

The search was limited to studies among children (0-18 years
of age) published in the English language. Case reports, abstracts
only, letters, reviews, and incomplete reports (studies that did not
specify =1 outcomes of interest among children with empyema)
were excluded. Studies that included only patients who experi-
enced failure of nonoperative therapy were excluded from this
analysis. Studies that included patients who were treated nonop-
eratively with salvage fibrinolytic therapy were included in this
study. Data were also collected for patients treated with primary
fibrinolytic therapy and were classified separately. In studies that
described patients who underwent primary operative therapy, it
was stated clearly that patients underwent the operative interven-
tion before thoracentesis or tube thoracostomy. In studies that
compared different primary therapeutic modalities, data were
collected for groups of children who received either nonoperative
or primary operative therapy only if the number of patients and
=1 of the outcomes of interest were reported clearly for that
treatment group.

Search Yield

Two hundred eighteen publications were detected. Case re-
ports, abstracts, incomplete reports, studies with adults, and re-
views were excluded (n = 151). Sixty-three articles were reviewed,
and citations from those reports were used to identify additional
studies (n = 26), of which 4 met the inclusion criteria for this
review. A single investigator, using criteria that were established
before study initiation, reviewed 67 studies, and experts in data
aggregation, statistical analysis, and pediatric surgery reviewed
the study data.

Definitions

Primary Nonoperative Therapy

Primary nonoperative therapy was defined as children being
treated initially with antibiotics and thoracentesis and/or tube
thoracostomy.

Primary Operative Therapy

Primary operative therapy was defined as children being
treated initially with antibiotics and either VATS or thoracotomy.

Primary Fibrinolytic Therapy

Primary fibrinolytic therapy was defined as children being
treated with fibrinolytics either at the time of or shortly after (<24
hours) tube thoracostomy. Fibrinolytics were defined as agents

causing dissolution of fibrin through enzymatic activity and in-
cluded most commonly urokinase and streptokinase.

Outcomes

Adverse outcomes included the in-hospital mortality rate, ther-
apeutic failure rate, length of hospitalization, total days with tube
thoracostomy, total days with antibiotic therapy, and complication
rate. All of these outcomes had consistent definitions across all
studies, with the exception of complication rate. Failure rate was
defined as failure of a primary intervention necessitating subse-
quent operative intervention. Conversion of a primary VATS to a
thoracotomy was not considered a failure but was accounted for in
the results. For both nonoperative therapy and primary operative
therapy, complications typically included pneumothorax, bron-
chopleural fistula, persistent or recurrent empyema, bleeding, and
wound infection. In some series, ICU admissions were considered
complications and were included in the complication rate. Other
series reported ICU stays as routine care, and such stays were
excluded as complications in those studies. Because there were
few standard definitions of complications and most authors did
not provide definitions of complications, overall aggregate com-
plication rates, as described by the authors, were calculated.

Analyses

The proportions of patients who died, who underwent reop-
eration, and who experienced complications were calculated for
children with empyema treated with nonoperative or primary
operative therapy. The average age, total number of hospital days,
total chest tube days, and total days with antibiotic therapy were
also determined. In aggregations of data, the denominator for each
evaluation was derived from the total number of cases in those
studies that included the outcome being evaluated. A subset anal-
ysis of the results published in the past 5 years (1999-2004) was
performed to evaluate the effects of advances in the treatment of
empyema over time.

We conducted a formal meta-analysis of the differences be-
tween patients treated nonoperatively and those treated opera-
tively. Of the 67 studies reviewed, 13 contained adequate data
summaries for =1 of the outcomes of interest for both treatment
groups (primary operative therapy and primary nonoperative
therapy). Outcomes analyzed statistically included the mortality
rate, failure rate, length of hospital stay, days with chest tube
inserted, and duration of antibiotic therapy. For continuous out-
comes (length of stay, days with chest tube inserted, and duration
of antibiotic therapy), only studies that reported the number of
subjects and the outcome mean and SD for all treatment groups
were included. Studies that reported incomplete summaries and
those that reported nonparametric summaries (median and inter-
quartile range) were excluded from analysis. All of these 13 stud-
ies were published since 1999. Only 1 study® stated that patients in
the primary operative therapy group were separated in time from
patients in the primary nonoperative therapy group.

All meta-analyses were performed with Stata software (Stata
Corp, College Station, TX), as described by Egger et al.'® For
binary outcomes, Mantel-Haenszel relative risk estimates were
obtained for each study and were pooled across studies. For
continuous outcomes, standardized mean differences were calcu-
lated within each study and pooled. For all meta-analyses, a x? test
of heterogeneity across studies was performed to test for signifi-
cant inconsistencies in the findings. Begg’s test for publication bias
was also performed.*”

RESULTS
Nonoperative Therapy

Outcome data for children with empyema treated
with initial nonoperative therapy (n = 3418) were
derived from 54 studies (Table 1). The aggregate
mortality rate was 3.3% (range: 0-35%), based on
3250 cases for which such data were available (50
studies), with a failure rate of 23.6% (range: 0—67%)
in 2793 cases (44 studies) and a complication rate of
5.6% (range: 0-45%) in 1094 cases (22 studies). The
average age of the nonoperatively treated cohort was
5 years (SD: *1.5 years), based on data from 1792

ARTICLES 1653

Downloaded from www.pediatrics.org by on October 5, 2009


http://www.pediatrics.org

TABLE 1. Outcomes of Nonoperative Therapy Among Children With Empyema
Source Year No. of No. of No. of Length of Chest
Subjects Deaths  Failures Stay, d Tube, d

Weinstein et al38 2004 23 NS NS NS 15
Eroglu et al® 2004 81 0 6 24.3 11.9
Karaman et al*® 2004 15 0 NS 154 13.5
Singh et al*! 2004 38 0 8 NS NS
Ulku et al*? 2004 78 1 37 NS 12.75
Yao et al” 2004 22 0 9 18.2 NS
Satish et al* 2003 14 0 0 14 8
Baranwal et al*3 2003 243 4 48 21.7 9.5
Hilliard et al'! 2003 22 0 3 15 NS
Caksen et al* 2003 41 1 NS 27.9 NS
Chen et al®! 2003 16 0 NS 24.3 NS
Margenthaler et al*® 2003 33 0 16 14.1 11.6
Chen et al?? 2003 37 0 24 33.2 15.2
Cohen et al® 2003 54 0 21 15.4 10.2
Shoseyov et al® 2002 67 0 5 24.2 NS
Pierrepoint et al®2 2002 16 0 8 13.7 7.8
Huang et al#® 2002 54 0 32 13 7.2
Yilmaz et al® 2002 46 1 2 28 12.2
Chen et al*” 2002 58 0 39 12.4 NS
Mitri et al#® 2002 67 0 18 6.5 5
Doski et al® 2000 98 0 44 11.6 42
Chan et al* 2000 47 0 21 15.4 8
Meier et al?® 2000 27 0 4 14.6 NS
Kercher et al?* 2000 3 0 2 16.6 12.3
Shankar3? 2000 15 0 NS NS NS
Hailu>® 2000 38 6 7 32 NS
Patton et al?” 1999 11 0 0 13 8
Sarihan et al®! 1998 52 0 5 NS 16.4
Chan et al®2 1997 39 0 7 23.1 NS
Hardjie et al>® 1996 41 0 28 NS 7
Maziah et al>* 1995 31 0 4 20.7 13
Eren et al'4 1995 137 0 66 46.1 NS
Fontanet et al® 1993 98 1 4 30 11.9
Mangete et al>® 1993 52 2 1 NS NS
Gocmen et al>” 1993 72 0 3 9 6
Fujita et al®® 1992 20 7 NS NS 13.1
Mahalu and Nathoo® 1992 52 0 NS NS
Hassan and Mabogunje®® 1992 100 14 10 NS NS
Asindi et al®! 1992 48 3 NS NS NS
Kennedy et al®2 1991 31 0 8 NS NS
Hoff et al®® 1991 49 1 26 18.7 9.5
Ghosh et al** 1990 41 7 NS 15.8 9.6
Gupta et al®® 1989 91 NS 13 NS NS
Golladay and Wagner®® 1989 27 2 10 28.3 NS
Hoff et al®” 1989 51 1 18 18.5 10.2
Alp et al®® 1988 175 2 35 NS 18.1
Solak et al®® 1987 120 3 30 NS NS
Beg et al”® 1987 65 4 8 NS NS
Fajardo et al”! 1987 104 8 NS NS NS
McLaughlin et al”2 1984 16 0 3 25 10
Adeyemo et al” 1984 298 15 2 NS NS
Freij et al”* 1984 227 19 NS NS NS
Anyanwu et al”® 1983 91 6 23 NS NS
Anyanwu”® 1982 21 0 0 NS NS

NS indicates not specified.

cases (37 studies). The average hospital stay for this
group was 20 * 8.3 days, based on data from 1671
cases (33 studies). The average length of tube thora-
costomy was 10.6 = 3.4 days, based on data from
1566 cases (28 studies). Antibiotics were used for an
average of 21.3 = 7.9 days, based on data from 381
cases (12 studies). For patients who failed nonopera-
tive therapy, thoracotomy was performed for 76.7%,
VATS was performed for 11.2%, and treatment was
not specified in the remainder of cases.

Fibrinolytic Therapy

Fibrinolytic therapy as a primary treatment for
empyema was reported in 64 cases (3 studies).®”1!

1654 THERAPY FOR PEDIATRIC E

Analysis of aggregate data on this technique re-
vealed no in-hospital deaths, with a failure rate of
9.3% (range: 6.7-14.2%), based on 64 cases (3 stud-
ies), and a complication rate of 12.5% (range:
0-16.6%), based on 64 cases (3 studies). The average
length of stay was 10.6 = 5.1 days, based on 64 cases
(3 studies).

Primary Operative Therapy

Outcome data for children with empyema treated
with primary operative therapy (n = 363) were re-
ported in 25 cases (Table 2). There were no reported
perioperative deaths. A failure rate of 2.5% (range:
0-12.5%) and a complication rate of 5% (range:

PYEMA
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TABLE 2. Outcomes of Primary Operative Therapy Among Children With Empyema
Source Year No. of No. of No. of Length of Chest
Subjects  Deaths Failures Stay, d Tube, d

Ozcelik et al”” 2004 9 NS NS 10.4 NS
Eroglu et al®® 2004 12 0 0 11 NS
Karaman et al® 2004 15 0 NS 9.5 7.5
Kalfa et al?° 2004 4 0 0 11.8 6.2
Knudtson and Grewal?! 2004 21 0 2 13 3

Chen et al?2 2003 18 0 0 21.5 5.3
Alexiou et all® 2003 36 0 4 5 NS
Hilliard et al*! 2003 24 0 0 6.5 NS
Chen et al®! 2003 23 0 NS 24.5 NS
Cohen et al® 2003 21 0 0 7.4 4

Pierrepoint et al3? 2002 7 0 0 9.5 5

Chen et al*” 2002 12 0 NS 8 NS
Doski et al’ 2000 41 0 1 7 3

Meier et al?® 2000 4 0 0 11.5 NS
Kercher et al?* 2000 13 0 2 8.3 4.2
Rodriguez et al?® 2000 7 0 0 11.5 3.1
Shankar et al33 2000 25 0 0 NS NS
Merry et al?® 1999 19 0 0 10.3 2.9
Patton et al?” 1999 3 0 0 NS NS
Grewal et al?® 1999 19 0 0 NS NS
Gandhi and Stringel?® 1997 6 0 0 NS NS
Rizalar et al* 1997 7 0 0 NS NS
Khakoo et al®> 1996 5 0 0 8.4 NS
Stovroff et al®° 1995 2 0 0 10 NS
Kosloske and Cartwright3¢ 1988 10 0 0 NS NS

NS indicates not specified.

0-15.3%) were reported, based on 304 cases (22 stud-
ies) and 258 cases (17 studies), respectively. The av-
erage age of the primarily operatively treated cohort
was 5.5 = 1.3 years, based on 287 cases (19 studies).
The average length of stay was 10.8 *+ 4.8 days, based
on 293 cases (22 studies). The average length of time
the thoracostomy tube remained in place was 4.4 *
1.6 days, based on 161 cases (10 studies). Antibiotics
were used for an average of 12.8 * 3.8 days, based on
68 cases (5 studies). VATS was performed for 48.4%
and thoracotomy was performed for 48.2% of pa-
tients with primary operative therapy. One study did
not specify the mode of primary operative therapy
and accounted for the remaining 3.4% of children
with primary operative therapy.

These data were stratified with respect to patients
who underwent VATS (n = 176 in 13 studies)8-220-30
or thoracotomy (n = 175 in 12 studies)!011.27,31-36 a5
the primary operative intervention. Patients with pri-

TABLE 3.
ment of Empyema Among Children

mary VATS had a conversion rate to thoracotomy of
1.1% and a failure rate of 2.8% (n = 176 in 13 studies).
Children with primary thoracotomy underwent re-
operation in 3.1% of cases (n = 128 in 9 studies). A
summary of outcomes for primary VATS versus pri-
mary thoracotomy demonstrates that reported out-
comes were consistently better for the operative ther-
apy group, despite suggestions in the reported
studies that operatively treated patients had more
advanced disease (Table 3).

Because more studies of primary nonoperative
management than primary operative therapy were
performed before 1995, we performed a subset anal-
ysis of results published in the past 5 years. This
subset analysis demonstrated that, although mortal-
ity rates for nonoperatively treated patients de-
creased over time (1.0% in the latest era), the failure
rate of nonoperative therapy was still considerable
(30.7%) and much higher than the operative failure

Summary of Outcomes for Primary Operative Treatment Versus Nonoperative Treat-

Primary Operative Therapy

Nonoperative Therapy (n = 363)*
Chest Tube Primary VATS Thoracotomy
and Antibiotics Fibrinolytic =~ (n = 176) (n = 175)
(n = 3183) Therapy
(n = 64)
Age, y (cases/studies) 5(1691/35) 4.1(64/3) 51(176/13) 6.7 (99/6)
Mortality rate, % (cases/studies) 3.3 (3250/50) 0(64/3) 0(176/13) 0 (166/11)
Failure rate, % (cases/studies) 23.6 (2793/44) 94 (64/3) 2.8(176/13) 3.1(128/9)
Length of stay, d (cases/studies) 20.0 (1671/33) 10.7 (64/3) 11.2(150/10) 10.6 (122/8)
Chest tube, total d (cases/studies) 10.6 (1566/28)  4(14/1) 4(144/8) 6.2 (22/2)
Antibiotics, d (cases/studies) 21.3 (381/12) NS 13.2 (56/4) NS
Complication rate, % (cases/studies) 5.6 (1094/22) 12.5(64/3) 5.4 (168/11) 5.2(77/5)

NS indicates not specified.

* The mode of primary surgery was not specified for 3.4% of patients who underwent primary

surgery.
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rate (3.3%). The length of hospitalization was 1 week
longer for nonoperatively treated patients, compared
with operatively treated patients, in this latest era (18
and 11 days, respectively).

A meta-analysis of outcomes for nonoperative and
operative therapy was performed. Table 4 gives the
number of articles that had usable data for each
outcome. Mortality rates could not be evaluated in
this way because no deaths were observed in either
treatment group in any of these reports. Only failure
rates were reported in a sufficient number of articles
to allow for a formal meta-analysis. In all 8 studies
included in this meta-analysis, patients who received
primary operative therapy had a lower risk of fail-
ure, compared with those who did not (Fig 1). In the
3 largest of these studies, the relative risk of failure
was significantly less than 1 (P < .05). Overall, the
pooled relative risk of failure among these patients
was highly significant at 0.09 (P < .0001). A x? test
did not show significant evidence of heterogeneity (P
= .60) across studies, but Begg’s test showed evi-
dence of publication bias (P < .05). The meta-analysis
was inconclusive for the remaining outcomes, be-
cause there were few articles and a large degree of
heterogeneity across studies. There were no studies
that compared VATS with thoracotomy.

DISCUSSION

In this comprehensive review of the published
literature, aggregate analysis of reported outcomes
for patients who underwent primary nonoperative
treatment demonstrated prolonged hospitalizations,
a greater need for reintervention, and a higher mor-
tality rate, compared with patients who underwent
primary operative or fibrinolytic therapy. The failure
rate for patients treated with primary fibrinolytic
therapy was lower than that for patients treated non-
operatively but higher than that for patients treated
with primary operative therapy. Primary fibrinolytic
therapy also appeared to have a higher reported
complication rate than treatment with primary non-
operative or operative therapy. The mortality and
complication rates reported for the primary opera-
tive intervention group did not differ between pa-
tients who underwent VATS versus thoracotomy.
The meta-analysis comparing rates of treatment fail-
ure across 8 studies suggested that the failure rate
was ~11 times higher in the primary nonoperative

TABLE 4. Description of Data Subset Available for Meta-anal-
ysis
Outcome Articles  Nonoperative  Operative
Patients Patients
Mortality rate* 13 453 218
Failure ratet 9 349 143
Length of stay 4 122 77
Chest tube (total) 3 106 54
Chest tube (after 1 54 21
procedure)}
Antibiotics 2 91 39

* No deaths occurred in this subset; therefore, no analysis of
mortality rates could be performed.

1t No failure events occurred in 1 study, which left 8 articles
available for meta-analysis.

T With only 1 article, no analysis could be performed.

1656 THERAPY FOR PEDIATRIC E

therapy group, compared with the primary operative
therapy group.

Findings in this review indicate that primary op-
erative therapy decreases the length of hospitaliza-
tion and has a lower failure rate. However, >76% of
patients who undergo primary nonoperative therapy
experience resolution of the disease without opera-
tive intervention. Although this relatively high suc-
cess rate favors a stepwise approach to management,
a less invasive primary operative intervention has
the potential to interrupt the progression of empy-
ema, to eliminate the increased pain and discomfort
associated with prolonged thoracostomy tube use,
and to reduce hospital stays by avoiding salvage
operative therapy. In centers that use general anes-
thesia for chest tube placement, the use of VATS may
be more appropriate, given the comparable effective-
ness of VATS with respect to nonoperative therapy
and the similar utilization of resources. More evi-
dence is needed to determine whether management
of pediatric empyema with primary operative ther-
apy leads to improved outcomes. The limitations of
this retrospective evaluation demonstrate the impor-
tance of a prospective, randomized trial evaluating
stage-specific disease to answer this question.

Similarly, fibrinolytics (streptokinase and uroki-
nase) have become part of the armamentarium for
treatment of pediatric empyema. In the past 50 years,
the majority of experience with fibrinolytic therapy
has been among adults. In most of the pediatric
studies reviewed, fibrinolytic therapy was used for
children who failed to exhibit improvement with
nonoperative therapy alone. In fact, salvage fibrino-
lytic therapy may cause worsening of intrapleural
loculations and increase the difficulty of the VATS
procedure.?” Three studies in this review used fi-
brinolytics as a primary therapy, with a reduction in
the failure rate but a higher reported complication
rate, compared with primary nonoperative therapy.

Other issues may play a role in the selection of one
therapeutic approach over another. Meier et al?® re-
ported a retrospective cost analysis and found that
the costs for patients treated with intensive nonop-
erative therapy (>2 chest tubes) were 3 times as great
as those for patients whose empyema was treated
adequately with =2 chest tubes. This suggested that
simple empyema could be treated with nonoperative
measures in a cost-effective manner. However, pro-
longed chest tube drainage correlated with progres-
sion of the empyema, resulting in subsequent sur-
gery and added expense. When patients treated with
primary VATS were compared with children treated
nonoperatively or with salvage VATS, primary
VATS appeared to be more cost-effective than sal-
vage VATS or nonoperative treatment for patients
who required >2 chest tubes.

This review has several limitations. For example,
one important variable in therapeutic decision-mak-
ing is the stage of disease. Unfortunately, many stud-
ies in this review did not detail stage-specific results.
Although nonoperative therapy may be successful
for the treatment of stage 1 disease, the characteristic
loculations and pleural peel found in late-stage dis-
ease make adequate drainage of the infected pleural
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Study —

Risk ratio

(95% ClI) % Weight
Chen 2003 . : 0.04 (0.00,0.64) 23.7
Cohen 2003 B 0.06 (0.00,0.92) 17.9
Doski 2000 . 0.05 (0.01,0.38) 37.7
Eroglu 2004 - 0.49 (0.03,8.11) 26
Hilliard 2003 - 0.13(0.01,2.41) 53
Kercher 2000 = 0.23 (0.05,1.04) 47
Meier 2000 - 0.62 (0.04,9.86) 20
Pierrepoint 2002 = 0.16 (0.01,2.56) 6.0
Patton 1999 (Excluded) 0.0
Overall (95% CI) tif:?:- 0.09 (0.04,0.23)
A 10
Risk ratio

Fig 1. Forest plot of risk ratio estimates for failure rate among patients who receive primary operative therapy, compared with those who
do not. The vertical line at 1 represents no difference between treatment groups. The center of each square is located at the risk ratio
estimate for each study, and the area of each square reflects the weight given to that study in this meta-analysis. Horizontal lines show
95% confidence intervals for the risk ratio in each study. The dashed vertical line shows the pooled risk ratio estimate, and the width of

the diamond gives the 95% confidence interval of this estimate.

space and expansion of the lung through simple
drainage more difficult. It is unclear whether the 23%
treatment failure rate found for the group of patients
treated with tube thoracostomy drainage and antibi-
otics represented data for a patient population with
stage 2 or 3 disease. Conversely, although patients
undergoing operative therapy can be presumed to
have advanced disease, operative success might be
linked to an earlier stage of disease, in the absence of
stage-specific data. The lack of stage-specific data
complicates statistical comparisons of outcomes
across treatment groups. Furthermore, many of the
studies were not randomized trials, and the meta-
analysis was subject to all of the selection biases that
might be present in those studies. Criteria for selec-
tion of therapy likely evolved with time; the care of
empyema among children has progressed in the past
20 years, with the inclusion of fibrinolytics and
VATS. This creates a potential limitation for compar-
isons of VATS with nonoperative treatment. For this
reason, we performed an aggregate analysis of re-
ported outcomes from studies published in the past 5
years, and we found little impact on the outcome
variables during that time. In the meta-analysis, the
significant reduction in the failure rate was driven by
the 3 largest studies in the analysis.®??> The benefit
of operative therapy might be somewhat inflated in
the study by Cohen et al,® because all primary non-
operative cases were taken from 1989-1997, whereas
all primary operative cases were taken from 2000—
2001, which means that the findings might be con-
founded by time differences. The less-invasive na-
ture of VATS, compared with thoracotomy, might
have caused a reduction in the threshold to proceed
to operative intervention for patients who experi-
enced failure of nonoperative therapy, resulting in an

artificially elevated failure rate. In institutions with
limited resources, patients treated nonoperatively
might have had a low failure rate, resulting in pro-
longed hospitalization. A publication bias would ex-
ist if results were reported after proficiency in the
operative technique had been obtained, falsely im-
proving outcomes. In the meta-analysis evaluating
failure rates, Begg’s test gave a significant result,
suggesting the possibility of publication bias (if not
providing conclusive evidence of it).

CONCLUSIONS

This systematic review of pediatric empyema out-
comes demonstrated that primary operative therapy
compared favorably with nonoperative approaches.
In the aggregate analysis of the data, primary oper-
ative therapy was associated with a lower mortality
rate, lower reintervention rate, shorter length of hos-
pitalization, decreased time with a thoracostomy
tube, and shorter course of antibiotic therapy, com-
pared with nonoperative therapy. Although the sig-
nificant reduction in the failure rate was demon-
strated with meta-analytic techniques, prospective,
randomized trials should be performed to identify
the optimal therapy for each clinical stage of empy-
ema.

ACKNOWLEDGMENTS

We thank Ellen Howard of the University of Washington li-
brary system for assistance with the literature search. We also
thank the staff of the library at Children’s Hospital and Regional
Medical Center for assistance in acquiring references. We thank
the Department of Biostatistics consulting service for assistance
with the statistical analyses.

REFERENCES

1. Lewis KT, Bukstein DA. Parapneumonic empyema in children: diagno-
sis and management. Am Fam Physician. 1992;46:1443-1455

ARTICLES 1657

Downloaded from www.pediatrics.org by on October 5, 2009


http://www.pediatrics.org

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

1658

. Chonmaitree T, Powell KR. Parapneumonic pleural effusion and em-

pyema in children: review of a 19-year experience, 1962-1980. Clin
Pediatr (Phila). 1983;22:414-419

. Shoseyov D, Bibi H, Shatzberg G, et al. Short-term course and outcome

of treatments of pleural empyema in pediatric patients: repeated ultra-
sound-guided needle thoracocentesis vs chest tube drainage. Chest.
2002;121:836 -840

. Satish B, Bunker M, Seddon P. Management of thoracic empyema in

childhood: does the pleural thickening matter? Arch Dis Child. 2003;88:
918-921

. Yilmaz E, Dogan Y, Aydinoglu AH, Gurgoze MK, Aygun D. Parapneu-

monic empyema in children: conservative approach. Turk | Pediatr.
2002;44:134-138

. Thomson AH, Hull ], Kumar MR, Wallis C, Balfour Lynn IM. Random-

ised trial of intrapleural urokinase in the treatment of childhood empy-
ema. Thorax. 2002;57:343-347

. Yao CT, Wu JM, Liu CC, Wu MH, Chuang HY, Wang JN. Treatment of

complicated parapneumonic pleural effusion with intrapleural strep-
tokinase in children. Chest. 2004;125:566-571

. Cohen G, Hjortdal V, Ricci M, et al. Primary thoracoscopic treatment of

empyema in children. | Thorac Cardiovasc Surg. 2003;125:79—-83

. Doski JJ, Lou D, Hicks BA, et al. Management of parapneumonic

collections in infants and children. | Pediatr Surg. 2000;35:265-268
Alexiou C, Goyal A, Firmin RK, Hickey MS. Is open thoracotomy still a
good treatment option for the management of empyema in children?
Ann Thorac Surg. 2003;76:1854-1858

Hilliard TN, Henderson AJ, Langton Hewer SC. Management of para-
pneumonic effusion and empyema. Arch Dis Child. 2003;88:915-917
American Thoracic Society. Management of nontuberculous empyema.
Am Rev Respir Dis. 1962;85:935-936

Balci AE, Eren S, Ulku R, Eren MN. Management of multiloculated
empyema thoracis in children: thoracotomy versus fibrinolytic treat-
ment. Eur | Cardiothorac Surg. 2002;22:595-598

Eren N, Ozcelic C, Ener BK, et al. Early decortication for postpneumonic
empyema in children: effect on pulmonary perfusion. Scand | Thorac
Cardiovasc Surg. 1995;29:125-129

Kern JA, Rodgers BM. Thoracoscopy in the management of empyema in
children. | Pediatr Surg. 1993;28:1128-1132

Liu HP, Hsieh MJ, Lu HI, Liu YH, Wu YC, Lin P]. Thoracoscopic-
assisted management of postpneumonic empyema in children refrac-
tory to medical response. Surg Endosc. 2002;16:1612-1614
Subramaniam R, Joseph VT, Tan GM, Goh A, Chay OM. Experience
with video-assisted thoracoscopic surgery in the management of com-
plicated pneumonia in children. | Pediatr Surg. 2001;36:316-319

Sterne JAC, Bradburn MJ, Egger M. Meta-analysis in stata. In: Egger M,
Smith G, Altman D, eds. Systematic Reviews in Health Care. 2nd ed.
Malden, MA: Blackwell; 2001:347-369

Song F, Khan KS, Dinnes J, Sutton AJ. Asymmetric funnel plots and
publication bias in meta-analyses of diagnostic accuracy. Int | Epideniol.
2002;31:88-95

Kalfa N, Allal H, Montes-Tapia F, et al. Ideal timing of thoracoscopic
decortication and drainage for empyema in children. Surg Endosc. 2004;
18:472-477

Knudtson J, Grewal H. Pediatric empyema: an algorithm for early
thoracoscopic intervention. JSLS. 2004;8:31-34

Chen CY, Chen JS, Huang LM, et al. Favorable outcome of parapneu-
monic empyema in children managed by primary video-assisted tho-
racoscopic debridement. | Formos Med Assoc. 2003;102:845-850

Meier AH, Smith B, Raghavan A, Moss RL, Harrison M, Skarsgard E.
Rational treatment of empyema in children. Arch Surg. 2000;135:907-912
Kercher KW, Attorri RJ, Hoover JD, Morton D Jr. Thoracoscopic decor-
tication as first-line therapy for pediatric parapneumonic empyema: a
case series. Chest. 2000;118:24-27

Rodriguez JA, Hill CB, Loe WA Jr, Kirsch DS, Liu DC. Video-assisted
thoracoscopic surgery for children with stage II empyema. Am Surg.
2000;66:569-572

Merry CM, Bufo AJ, Shah RS, Schropp KP, Lobe TE. Early definitive
intervention by thoracoscopy in pediatric empyema. | Pediatr Surg.
1999;34:178-180

Patton RM, Abrams RS, Gauderer MW. Is thoracoscopically aided pleu-
ral debridement advantageous in children? Am Surg. 1999;65:69-72
Grewal H, Jackson RJ, Wagner CW, Smith SD. Early video-assisted
thoracic surgery in the management of empyema. Pediatrics. 1999;103(5).
Available at: www.pediatrics.org/cgi/content/full/103/5/e63

Gandhi RR, Stringel G. Video-assisted thoracoscopic surgery in the
management of pediatric empyema. JSLS. 1997;1:251-253

THERAPY FOR PEDIATRIC E

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Stovroff M, Teague G, Heiss KF, Parker P, Ricketts RR. Thoracoscopy in
the management of pediatric empyema. | Pediatr Surg. 1995;30:
1211-1215

Chen CF, Soong W], Lee YS, Jeng MJ, Lin MY, Hwang B. Thoracic
empyema in children: early surgical intervention hastens recovery. Acta
Paediatr Taiwan. 2003;44:93-97

Pierrepoint MJ, Evans A, Morris SJ, Harrison SK, Doull IJ. Pigtail
catheter drain in the treatment of empyema thoracis. Arch Dis Child.
2002;87:331-332

Shankar KR, Kenny SE, Okoye BO, Carty HM, Lloyd DA, Losty PD.
Evolving experience in the management of empyema thoracis. Acta
Paediatr. 2000,89:417-420

Rizalar R, Somuncu S, Bernay F, Ariturk E, Gunaydin M, Gurses N.
Postpneumonic empyema in children treated by early decortication. Eur
] Pediatr Surg. 1997;7:135-137

Khakoo GA, Goldstraw P, Hansell DM, Bush A. Surgical treatment of
parapneumonic empyema. Pediatr Pulmonol. 1996,22:348-356

Kosloske AM, Cartwright KC. The controversial role of decortication in
the management of pediatric empyema. | Thorac Cardiovasc Surg. 1988;
96:166-170

Jaffe A, Cohen G. Thoracic empyema. Arch Dis Child. 2003;88:839—-841
Weinstein M, Restrepo R, Chait PG, Connolly B, Temple M, Macarthur
C. Effectiveness and safety of tissue plasminogen activator in the man-
agement of complicated parapneumonic effusions. Pediatrics. 2004;
113(3). Available at: www.pediatrics.org/cgi/content/full /113/3/e182
Eroglu E, Tekant G, Erdogan E, et al. Evolving experience in the man-
agement of pleural empyema. Eur | Pediatr Surg. 2004;14:75-78
Karaman I, Erdogan D, Karaman A, Cakmak O. Comparison of closed-
tube thoracostomy and open thoracotomy procedures in the manage-
ment of thoracic empyema in childhood. Eur | Pediatr Surg. 2004;14:
250-254

Singh KK, Singh NA, Singh TH. Empyema in children. | Indian Med
Assoc. 2004;102:90-92

Ulku R, Onat S, Kilic N. Intrapleural fibrinolytic treatment of multilocu-
lated pediatric empyemas. Minerva Pediatr. 2004;56:419-423

Baranwal AK, Singh M, Marwaha RK, Kumar L. Empyema thoracis: a
10-year comparative review of hospitalised children from south Asia.
Arch Dis Child. 2003;88:1009-1014

Caksen H, Ozturk MK, Yuksel S, Uzum K, Ustunbas HB. Parapneumo-
nic pleural effusion and empyema in childhood. | Emerg Med. 2003;24:
474-476

Margenthaler JA, Weber TR, Keller MS. Predictors of surgical outcomes
for complicated pneumonia in children: impact of bacterial virulence.
World ] Surg. 2004;28:87-91

Huang FL, Chen PY, Ma JS, et al. Clinical experience of managing
empyema thoracic in children. ] Microbiol Immunol Infect. 2002;35:
115-120

Chen LE, Langer JC, Dillon PA, et al. Management of late-stage para-
pneumonic empyema. | Pediatr Surg. 2002;37:371-374

Mitri RK, Brown SD, Zurakowski D, et al. Outcomes of primary image-
guided drainage of parapneumonic effusions in children. Pediatrics.
2002;110(3). Available at: www.pediatrics.org/cgi/content/full/110/
3/e37

Chan PW, Crawford O, Wallis C, Dinwiddie R. Treatment of pleural
empyema. | Paediatr Child Health. 2000;36:375-377

Hailu S. Paediatric thoracic empyema in an Ethiopian referral hospital.
East Afr Med |. 2000;77:618-621

Sarihan H, Cay A, Aynaci M, Akyazici R, Baki A. Empyema in children.
] Cardiovasc Surg (Torino). 1998;39:113-116

Chan W, Keyser-Gauvin E, Davis GM, Nguyen LT, Laberge J]M. Empy-
ema thoracis in children: a 26-year review of the Montreal Children’s
Hospital experience. | Pediatr Surg. 1997,32:870—-872

Hardie W, Bokulic R, Garcia VF, Reising SF, Christie CD. Pneumococcal
pleural empyemas in children. Clin Infect Dis. 1996;22:1057-1063
Maziah W, Choo KE, Ray JG, Ariffin WA. Empyema thoracis in hospi-
talized children in Kelantan, Malaysia. ] Trop Pediatr. 1995;41:185-188
Fontanet AL, McCauley RG, Coyette Y, Larchiver F, Bennish ML. Inci-
dence, management, and outcome of childhood empyema: a prospec-
tive study of children in Cambodian refugee camps. Am ] Trop Med Hyg.
1993;49:789-798

Mangete ED, Kombo BB, Legg-Jack TE. Thoracic empyema: a study of
56 patients. Arch Dis Child. 1993;69:587-588

Gocmen A, Kiper N, Toppare M, Ozcelik U, Cengizlier R, Cetinkaya F.
Conservative treatment of empyema in children. Respiration. 1993;60:
182-185

Fujita K, Murono K, Sakata H, Kaeriyama M. Methicillin-resistant Staph-
ylococcus aureus empyema in children. Acta Paediatr Jpn. 1992;34:151-156

P A
Downl ola\gea{ ng;[n www.pediatrics.org by on October 5, 2009


http://www.pediatrics.org

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Mahalu W, Nathoo K. Empyema in children: a review of 52 cases. Cent
Afr ] Med. 1992;38:136-139

Hassan I, Mabogunje O. Paediatric empyema thoracis in Zaria, Nigeria.
Ann Trop Paediatr. 1992;12:265-271

Asindi A, Efem S, Asuquo M. Clinical and bacteriological study on child-
hood empyema in southeastern Nigeria. East Afr Med ]. 1992;69:78-82
Kennedy AS, Agness M, Bailey L, White JJ. Decortication for childhood
empyema: the primary provider’s peccadillo. Arch Surg. 1991;126:
1287-1291

Hoff SJ, Neblett WW, Edwards KM, et al. Parapneumonic empyema in
children: decortication hastens recovery in patients with severe pleural
infections. Pediatr Infect Dis ]. 1991;10:194-199

Ghosh S, Chakraborty CK, Chatterjee BD. Clinicobacteriological study
of empyema thoracis in infants and children. | Indian Med Assoc. 1990;
88:189-190

Gupta SK, Kishan J, Singh SP. Review of one hundred cases of empy-
ema thoracis. Indian | Chest Dis Allied Sci. 1989;31:15-20

Golladay ES, Wagner CW. Management of empyema in children. Am |
Surg. 1989;158:618-621

Hoff SJ, Neblett WW III, Heller RM, et al. Postpneumonic empyema in
childhood: selecting appropriate therapy. | Pediatr Surg. 1989;24:
659-664

Alp M, Uganok DK, Unlii M, Moldibi B, Cetin G. Surgical treatment of
childhood pleural empyema. Thorac Cardiovasc Surg. 1988;36:361-364

69.

70.

71.

72.

73.

74.

75.

76.

77.

Solak H, Yiiksek T, Solak N. Methods of treatment of childhood empy-
ema in a Turkish university hospital. Chest. 1987;92:517-519

Beg MH, Ahmad SH, Reyazuddin, Shahab T, Chandra J. Management
of empyema thoracis in children: a study of 65 cases. Ann Trop Paediatr.
1987;7:109-112

Fajardo JE, Chang M]J. Pleural empyema in children: a nationwide
retrospective study. South Med ]. 1987;80:593-596

McLaughlin F], Goldmann DA, Rosenbaum DM, Harris GB, Schuster
SR, Strieder DJ. Empyema in children: clinical course and long-term
follow-up. Pediatrics. 1984;73:587-593

Adeyemo AO, Adejuyigbe O, Taiwo O. Pleural empyema in infants and
children: analysis of 298 cases. ] Natl Med Assoc. 1984;76:799—-805

Freij BJ, Kusmiesz H, Nelson JD, McCracken GH. Parapneumonic effu-
sion and empyema in hospitalized children: a retrospective review of
227 cases. Pediatr Infect Dis. 1984;3:578-591

Anyanwu CH, Okeahialam T, Okoroma EO. Postpneumonic pleural
suppuration in children. Trop Doct. 1983;13:57-60

Anyanwu CH. Clinical evaluation of Suprapen (amoxicillin plus flu-
cloxacillin) in the management of childhood thoracic empyema. | Int
Med Res. 1982;10:348-350

Ozcelik C, Ulku R, Onat S, Ozcelik Z, Inci I, Satici O. Management of
postpneumonic empyemas in children. Eur | Cardiothorac Surg. 2004;25:
1072-1078

WE'RE FAILING

“To be permitted to read the rest of this column, you must first answer the

following question correctly:
J (x — 1)?> dx is equal to

a)2(x—1) +c¢

b) ¥a(x — 1) + ¢
o) Ws(x — 1) + ¢
d) B(x3 - 1) + ¢

— 1)
e)%%—c

Go on, try it. After all, 83 percent of Japanese high school seniors got it right
(though only 30 percent of American seniors). The correct answer is (c). If you
answered incorrectly, though, keep reading—think of it as a social promotion. . . .
Mr. Subbakrishna, a management consultant specializing in technology, notes that
in his native Bangalore, children learn algebra in elementary school. All in all, he
says, the average upper-middle-class child in Bangalore finishes elementary school
with a better grounding in math and science than the average kid in the US. ... 1
saw the same thing when I lived in China and interviewed college applicants there.
The SAT wasn’t offered in China, so Chinese high school students took the
Graduate Record Examinations—intended for would-be graduate students—and
many still scored in the 99th percentile in math. The latest international survey,
called Trends in International Mathematics and Science Study, found that the
best-performing eighth graders were, in order, from Singapore, South Korea,
Taiwan, Hong Kong, Japan, Belgium and the Netherlands. The U.S. ranked 19th,
just after Latvia. (India and China weren’t surveyed.)”

Kristof ND. New York Times. February 14, 2005
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