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Abstract
Background Chest drain insertion after chest trauma
is often associated with high rate of complications. The
use of prophylactic antibiotics in patients with blunt
and penetrating chest trauma to prevent empyema
and pneumonia after chest drain insertion has been
debated.
Objective To analyze the effectiveness of prophylactic
antibiotics versus placebo to prevent complications in
patients with blunt and penetrating chest injuries who
require the insertion of a chest drain.
Methods Pubmed, Embase, and grey literature
databases were searched during May 2017 for
randomized clinical trails comparing prophylactic
antibiotic versus placebo in patients with chest injuries
requiring chest drain insertion. Good quality randomized
studies which met the inclusion criteria were assessed
using the Cochrane Collaboration tool for assessing risk
of bias and then were included in the systematic review.
A meta-analysis of the included studies was concluded
using Stata to analyze the relative risk of empyema and
pneumonia in these patients.
Results The study identified 12 randomized studies
that included 1263 patients with isolated blunt and
penetrating chest trauma. The incidence of empyema
after a chest drain insertion was 1% in the antibiotic
group and 7.2% in the placebo group. The incidence of
pneumonia after a chest drain insertion was 4.4% in
the antibiotic group and 10.7% in the placebo group.
The use prophylactic antibiotic in those patients was
associated with a reduced risk of empyema (relative risk
[RR] 0.25; 95% CI 0.13 to 0.49) and pneumonia (RR
0.41; 95% CI 0.24 to 0.71) after chest drain insertion
when compared with placebo alone.
Conclusion Prophylactic antibiotic administration
in patients with penetrating and blunt chest injuries
requiring the insertion of a chest drain was associated
with a reduced risk for post-traumatic empyema and
pneumonia. Further studies should evaluate the optimal
type, dose, and duration of antibiotic given to patients
with chest trauma requiring chest drain insertion.

Background

Chest trauma, also known as chest or thoracic
injury, is any form of physical injury affecting one
or all components of chest wall or thoracic cavity.
Chest trauma is common and is responsible for
25% of all trauma related deaths in the UK.1

The vast majority of chest trauma injuries,
whether blunt or penetrating, can be managed
conservatively in the emergency department using
resuscitation and chest drain insertion, and only
10% to 15% will require surgical intervention.1 2
Chest drain (chest tube, tube thoracostomy, or intercostal drain) is a fairly simple yet life-saving procedure that involves the insertion of a flexible plastic
tube through the chest wall and into the pleural
space to allow the drainage of air (pneumothorax)
or fluid such as blood (hemothorax).3 Chest drain
insertion is often associated with a high rate of
complication, up to 30% in some patients.4 These
are generally divided into insertion, positional, and
infective complications.
Post-traumatic empyema and pneumonia
are two well-established complications associated with the insertion of a chest drain.
Previous studies report that 2%–25% of patients
with isolated chest injury who undergo tube
thoracostomy could develop infective complications.5 6 The main risk factor for this complication
is contamination of the pleural space; mainly at
the time of chest drain placement, or from direct
penetrating injury to the chest. Other risk factors
include perforated viscus with diaphragmatic
tear, retained pleural fluid, or spread of remote
infection to pleural space.7 The use of prophylactic antibiotics in reducing the occurrence of
complications associated with insertion of chest
drain has been debated. Previous clinical trials
have shown mixed outcomes regarding the effectiveness of prophylactic antibiotic in isolated
chest trauma. The latest meta-analysis published
in 2011 advocates the use of prophylactic antibiotics in penetrating chest trauma.8 However, the
updated trauma guidelines for antibiotic usage
after chest drain insertion published in 2012
by EAST (Eastern Association for the Surgery
of Trauma) reported insufficient evidence for
prophylactic antibiotic recommendation in
patients with chest trauma.9
This systematic review is conducted to analyze
the effectiveness of prophylactic antibiotics versus
placebo to prevent empyema and pneumonia
after chest drain insertion in both penetrating and
blunt chest injuries. Specifically, we addressed the
following points: (1) the incidence of empyema
and pneumonia, (2) the length of hospital stay, (3)
the duration of chest drain placement.
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Methods

This systematic review and meta-analysis was designed,
conducted, and reported according to PRISMA (Preferred
reporting items for systematic reviews and meta-analysis) guidelines.10 The aim of this study is to analyze the effectiveness of
prophylactic antibiotics usage versus placebo to prevent complications in patients with blunt and penetrating chest injuries
requiring the insertion of a chest drain.

Literature search

A systematic literature search was conducted during May 2017
using four electronic databases: Medline, Pubmed, Embase, and
Cochrane Library. A separate search for additional literature was
conducted using Google’s search engine. This search strategy
was planned and developed by the first author together with
an experienced librarian. The search strategy used combination
of the following Mesh terms: (chest trauma) OR (chest injury)
OR (thoracic injury) AND (chest drain) OR (tube thoracostomy)
OR (inter-costal drain) OR (pleural drain) AND antibiotic. No
restriction was applied to language or date of publication. All
abstracts that met the search criteria were read and examined. To
limit potentially missed publications in the electronic search, all
lists of references found in selected abstracts were also searched.
For studies published in different languages, we used an online
translator (‘Google’ translator) to translate relevant publications.
All studies identified were downloaded to a reference manager
(Endnote) for detection of duplicates. The authors have also
manually checked the included studies for duplicates.

Study selection

The inclusion criteria included randomized clinical trials that
compared prophylactic antibiotic versus placebo to prevent
complications in patients with isolated blunt or penetrating chest
trauma requiring chest drain insertion. All other non-randomized clinical trials, studies that did not compare prophylactic
antibiotic to placebo, studies that did not report empyema or
pneumonia after chest drain insertion, studies without statistical
difference between participants, duplicate publications, narrative reviews, or opinions were excluded. No limit was applied to
the publication date. Studies published anywhere in the world,
both English and non-English publications, were included.
Two reviews conducted the eligibility criteria assessment independently by examining titles and abstracts identified by the
electronic database search result. Any differences in applying the
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inclusion or exclusion criteria between reviews were resolved by
thorough discussion and mutual agreement.

Data extraction

Two reviewers performed data extraction of eligible articles independently. The extracted information included study ID, year of
publication, country of publication, number of patients, type of
injury, type, and dose of prophylactic antibiotic used and duration of antibiotic administration. Primary outcomes included the
number of patients who developed post-traumatic empyema and/
or pneumonia after chest drain insertion. Secondary outcomes
included length of hospital stay, chest tube (ie, tube thoracostomy) duration, and any other potential relevant outcomes.
Refer to table 1 for characteristics of studies included in the
meta-analysis of antibiotic versus placebo after chest drain insertion, table 2 for primary outcome, and table 3 for secondary
outcomes.

Quality assessment

The quality of all included studies was assessed using Cochrane
Collaboration tool for assessing risk of bias.11 Studies were
examined using different parameters that included: randomization process, allocation concealment, blinding, incomplete data,
and uniform outcome definition. These parameters were graded
as low, high, or unclear. Two reviewers independently graded
study quality. Results were then compared and any discrepancy
was resolved through relevant discussion. Completed assessments allowed studies to be then classified as high, moderate, or
poor quality. The methodological quality and Cochrane risk of
bias are outlined in table 4.

Data analysis

Selected data outcomes were entered into Microsoft Office Excel
spreadsheets for analysis. Statistical analysis was conducted using
Stata V.13.0. A simple descriptive analysis of primary outcome
was used to describe the incidence of empyema and pneumonia
in the prophylactic antibiotic group versus placebo after chest
drain insertion. For meta-analysis, a pooled random effect model
comparing prophylactic antibiotic versus placebo was used to
calculate the relative risk of the occurrence of empyema and
pneumonia after chest drain insertion in patients with isolated
blunt and penetrating chest injuries. Studies heterogeneity was
assessed using χ² and I2 tests.

Characteristics of studies included in the meta-analysis of antibiotic vs placebo after chest drain insertion

Reference

Year

Country

Sample size

Injury type

Antibiotic

Grover13

1977

USA

75

Penetrating

Clindamycin 300 mg six hourly

Duration
>24 hours

Stone6

1981

USA

83

Penetrating, blunt

Cefamandole 1 g six hourly

>24 hours

LeBlanc5

1985

USA

52

Penetrating, blunt

Cefadyl 1 g

>24 hours

Mandal14

1985

USA

80

Penetrating

Doxycycline 100 mg 12 hourly

>24 hours

LoCurto

15

1986

USA

58

Penetrating, blunt

Cefoxitin 1 g six hourly

>24 hours

Brunner20

1990

USA

90

Penetrating, blunt

Cefazolin six hourly

>24 hours

Cant

1993

South Africa

113

Penetrating

Cefazolin 500 mg eight hourly

24 hours

Nichols19

1994

USA

119

Penetrating, blunt

Cefonicid 1 g per day

>24 hours

Gonzalez17

1998

USA

139

Penetrating, blunt

Cefazolin 1 g eight hourly

>24 hours

Maxwell7

2004

USA

224

Penetrating, blunt

Cefazolin 1 g eight hourly

≥24 hours

Villegas Carlos18

2009

Mexico

126

Penetrating, blunt

Cefazolin 1 g eight hourly

>24 hours

Heydari12

2014

Iran

104

Blunt

Cefazolin 2 g

24 hours

16
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Table 2

Primary outcomes
Antibiotic group

Placebo group

Study ID

Total

Empyema

Pneumonia

Total

Empyema

Pneumonia

Grover

38

1

4

37

6

13

Stone6

40

1

0

43

2

5

LeBlanc5

26

0

1

26

1

1

Mandal14

40

0

0

40

1

0

LoCurto15

30

0

0

28

5

4

Brunner20

44

0

1

46

6

3

Cant

57

0

7

56

5

19

Nichols19

63

0

0

56

4

3

Gonzalez17

71

0

0

68

2

2

Maxwell7

153

2

12

71

4

2

Villegas Carlos18

63

3

N/A

63

5

N/A

Heydari12

54

0

2

50

1

4

Total

679

7 (1%)

27 (4.4%)

584

42 (7.2%)

56 (10.7%)

13

16

Values in parenthesis are percentages.

Results
Literature search

The electronic search of all databases identified 938 records,
of which 62 records were screened for relevance. After reading
these 62 abstracts, 43 records were excluded; 25 were not relevant to this systematic review and 18 were reviews only. Nineteen records were examined to identify if they meet the inclusion
criteria for statistical analysis. However, 7 out of the 19 did
not meet the inclusion criteria (4 non-randomized trials and 3
studies examined the duration of prophylactic antibiotics only).
Finally, after completing the exclusion criteria, 12 studies were
eligible for the meta-analysis (figure 1).

Characteristics of studies included in meta-analysis

The included studies in this systematic review were all
randomized clinical trails that compared the administration of

Table 3

prophylactic antibiotics versus placebo in patients with isolated
chest injuries requiring chest drain insertion. All studies included
male and female patients above the age of 12, except one study
by Heydari et al12 which included patients above the age of eight.
All studies included patients with either blunt or penetrating chest injuries requiring chest drain insertion. Specifically, nine studies included patients with both penetrating and
blunt injuries together. Two studies13 14 included patients with
penetrating chest injuries only, whereas one study12 focused
on blunt injury only. Penetrating chest injuries were predominantly due to stabbing and gunshot wounds, whereas bunt
chest injuries were due to a mixture of trauma including road
traffic accidents. For the purpose of this review, we pooled
both blunt and penetrating chest injuries together as a representation of a cohort of chest trauma patients requiring insertion of chest drain.

Secondary outcomes
Hospital stay (days)

Study ID

Abx

Grover13

Shorter hospital stay

Stone6

8

Duration of chest tube (days)
Placebo

10

Abx

Placebo

Other outcomes

N/A

Abx: less fever, positive pleural fluid and wound
cultures

6

Abx: lower positive pleural fluid and wound
cultures

LeBlanc5

N/A

Mandal14

6.83

5.5

3.75

4.33

LoCurto15

6.6

10.3

5.4

3.8

Brunner20

5.2

8.3

4.1

7.2

Cant16

3.9

5.6

3.5

4.1

Similar positive pleural fluid cultures
Placebo: 5 thoracotomies for sepsis

Nichols19

6.3

7.2

4.9

5

Abx: less fever, WBC count
Placebo: 1 thoracotomy for empyema

Gonzalez17

5.9

6.3

4.9

4.8

Abx: more chest tube reinsertion, pleural
effusion

Maxwell7
Villegas Carlos
Heydari12

18

N/A

7.9

4.6

N/A

6.56

N/A

6.8

Abx: less overall infections
Placebo: 5 thoracotomies for empyema

Hospital stay and duration of chest tube are presented in mean number of days.
Abx, antibiotics; WBC, white blood cells.
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Table 4

Summary of Cochrane risk of bias

Study ID

Allocation
Randomization concealment Blinding

Grover13

Low

Low

Low

Low

Low

Stone6

Unclear

Unclear

Low

Low

Low

LeBlanc5

Unclear

Unclear

Unclear

Low

Low

Mandal14

Low

Low

Unclear

Low

Low

LoCurto15

High

Unclear

High

Low

Low

Brunner20

High

Unclear

Unclear

Low

Low

Cant

Unclear

Unclear

Low

Low

Low

Nichols19

Low

Unclear

Low

Low

Low

Gonzalez17 Low

Unclear

Low

Low

Low

Maxwell7

Unclear

Low

Low

Low

Low

Villegas
Carlos18

Unclear

Unclear

Low

Low

Low

Heydari12

Unclear

Unclear

Unclear

Low

Low

16

Incomplete Outcome
data
definition

24 hours, whereas two studies12 16 administered antibiotics for
24 hours only. The overall antibiotic duration, for studies that
administered antibiotics for more than 24 hours, lasted until the
chest drain was removed. Details of characteristics of studies are
summarized in table 1.

Primary outcomes

This systematic review included a total of 1263 patients with
isolated blunt and penetrating chest injuries requiring a chest
drain. Total 679 (54%) patients received prophylactic antibiotics
whereas 584 (46%) patients received a placebo. The incidence
of post-traumatic empyema after a chest drain insertion was 1%
(7/679) in the prophylactic antibiotic group and 7.2% (42/584) in
the placebo group, with p=0.0001. The incidence of post-traumatic pneumonia after a chest drain insertion was 4.4% (27/616)
in the prophylactic antibiotic group and 10.7% (56/521) in the
placebo group, with p=0.0001. Details of primary outcomes are
summarized in table 2.

The type of antibiotic and dose were different in some studies.
Specifically, six studies used cefazolin,7 12 15–18 a first generation
cephalosporin with broad bacterial coverage. The remainder of
the included studies used clindamycin,13 cefamandole,6 cefadyl,5
doxycycline,14 cefoxitin,15 and cefonicid.19 The dose of cefazolin
was 2–3 g per 24 hours. In regards to the total duration of antibiotics, 10 studies involved antibiotic administration that exceeded

Secondary outcomes

We reported all secondary outcomes described in the eligible
studies, focusing mainly on length of hospital stay and duration of
chest tube placement. Seven studies6 13 15–17 19 20 reported a shorter
length of hospital stay for patients who received prophylactic
antibiotics after the insertion of a chest drain compared with
receiving a placebo. One study by Mandal et al14 demonstrated

Figure 1 PRISMA flow diagram illustrating the literature search.
4
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a 6.83day hospital stay in the antibiotic group versus 5.5 days
in placebo group. By contrast, Maxwell et al7 demonstrated a
similar length of hospital stay between the two groups.
Nine studies reported a similar duration of chest tube placement between the two groups. However, LoCurto et al15
reported a longer duration of chest tube insertion in the prophylactic group. Interestingly, five studies reported less fever,
lower positive pleural fluid and wound cultures, and fewer
overall infections in patients who received prophylactic antibiotic versus placebo. More importantly, the number of patients
requiring thoracotomy for post-traumatic empyema was significantly higher in the placebo group.15 16 19 Statistical analysis for
secondary outcomes was not possible due to the high heterogeneity in the reported results. Details of secondary outcomes are
summarized in table 3.

Meta-analysis

On meta-analysis prophylactic antibiotic was associated with
overall reduced risk of post-traumatic empyema after chest

drain insertion when compared with placebo (relative risk [RR]
0.25; 95% CI, 0.13 to 0.49; χ2 test=4.42; I2=0.0%; p=0.00)
(figure 2A). Similarly, the prophylactic antibiotic group was associated with reduced risk of post-traumatic pneumonia after chest
drain insertion when compared with placebo (RR 0.41; 95% CI
0.24 to 0.71; χ2 test=10.12; I2=11.1%; p=0.002) (figure 2B).
This meant that patients with isolated chest injuries who received
prophylactic antibiotic after a chest drain insertion had 75% and
59% reduced risk of developing post-traumatic empyema and
pneumonia, respectively, than patients who received placebo.

Discussion

Despite increasing evidence supporting the role of prophylactic
antibiotics in preventing post-traumatic chest drain complications
for patients with chest trauma, there is still a debate concerning
its true effectiveness. We performed this study to examine
existing randomized clinical trials for evidence concerning the
true effectiveness of prophylactic antibiotics against placebo in
reducing empyema and pneumonia after chest drain insertion

Figure 2 Meta-analysis comparing antibiotics versus placebo in preventing (a) empyema and (b) pneumonia after chest drain insertion across all
studies.
Ayoub F, et al. Trauma Surg Acute Care Open 2019;4:e000246. doi:10.1136/tsaco-2018-000246

5

Trauma Surg Acute Care Open: first published as 10.1136/tsaco-2018-000246 on 22 February 2019. Downloaded from http://tsaco.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

Open access

in patients with blunt and penetrating chest trauma. Using our
eligibility criteria and statistical analysis, we found that prophylactic antibiotics reduce the risk of developing empyema and
pneumonia in these patients. Meta-analysis of primary outcome
demonstrated a lower relative risk for developing empyema and
pneumonia in the relevant patient group who received prophylactic antibiotics when compared with placebo alone.
Additionally, length of hospital stay was shown to be shorter
in chest trauma patients who were given prophylactic antibiotic
when compared with placebo, despite the lack of difference
reported in other studies. Even more, the number of thoracotomies required to manage post-traumatic empyema was
significantly higher in patients that did not receive prophylactic
antibiotics.15 16 19
The latest meta-analysis, published more than 5 years ago,
looked at overall pulmonary infectious complications.8 This
review concluded that pulmonary complications are less likely to
develop in patients with penetrating chest trauma who received
prophylactic antibiotic after chest drain insertion. Interestingly,
we found only one study,12 published in the last 5 years that
compared prophylactic antibiotic against placebo in patients with
only blunt chest injuries. The latest EAST guidelines published
in 2012 did not make recommendation for or against the use of
prophylactic antibiotic for chest trauma patients after chest drain
insertion. This is because of various factors including previously
published studies with mixed qualities, outcomes, and analyses.9
However, reviewing recent BTS (British thoracic Society) guidelines21 and speaking to trauma experts, prophylactic antibiotic
administration after chest drain insertion has been strongly
recommended despite the overall low incidence of infectious
complication after chest drain insertion.
To our knowledge, this is the first meta-analysis since the
EAST guidelines were last updated. We conducted this systematic
review according to PRIMSA guidelines10 and included randomized clinical trials only, despite some not being double blinded.
Our overall risk of bias for most eligible studies is shown to be
of high quality.
However, this study is not without limitations. We combined
both penetrating and blunt chest injuries in our meta-analysis,
despite the pathophysiology and infectious process of penetrating chest injury differing from blunt injury. Penetrating injuries are likely to produce direct injury to the lungs and cause
extensive soft tissue disruption, thus creating a greater risk of
empyema and pneumonia after chest drain insertion. However,
blunt injuries are also reported to be associated with high risk
of complications after chest drain insertion.22 In view of this,
different types of chest injury were not separated. Second,
there was a lack of reported risk factors that could potentially
trigger pneumonia or empyema in a patient with chest trauma
not related to chest drain insertion such as retained pleural
fluid or perforated viscus with diaphragmatic tear. Third, antibiotic selection used was different in some studies, particularly
in older trials. Often, the choice of antibiotics among studies
did not coincide with published guidelines for chest trauma nor
directed to commonly cultured pathogens such as gram-positive
Staphylococcus aureus. However, most trials used a first generation cephalosporin (cefazolin), which comply with antibacterial
guidelines. Hence, to minimize study selection bias, we included
all studies comparing prophylactic antibiotic versus placebo
despite of their antibiotic rationale.
Finally, our review demonstrates limited recommendations
regarding prophylactic antibiotic duration. We found two studies
limiting antibiotic administration to 24 hours,12 16 with the rest of
studies demonstrating patients receiving prophylactic antibiotics
6

until the chest drain was removed. A study by Demetriades et
al recommended a single dose prophylactic antibiotic in penetrating chest trauma when compared with a prolonged course.23
However, we were unable to find similar studies recommending
shorter courses of prophylactic antibiotics. An interesting finding
by Maxwell et al showed that resistant organisms were cultured
out in chest trauma patients that received prophylactic antibiotics.7 Therefore, this finding suggests an increasing pattern of
resistant organisms in patient receiving prolonged antibiotics
course. Hence, future trails should compare the administration
of single dose prophylactic antibiotic versus 24 hours versus
prolonged course in the management of chest trauma patient
after chest drain insertion.

Conclusion

Our review concludes that administering prophylactic antibiotic
for patients with penetrating and blunt chest trauma after chest
drain insertion is associated with reduced risk for developing
empyema and pneumonia. Further studies should evaluate the
optimal type, dose, and duration of antibiotic given to patients
with chest trauma.
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