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ABSTRACT

Background Antibiotic prophylaxis is routinely
administered for most operative procedures, but

their utility for certain bedside procedures remains
controversial. We performed a systematic review

and meta-analysis and developed evidence-based
recommendations on whether trauma patients receiving
tube thoracostomy (TT) for traumatic hemothorax or
pneumothorax should receive antibiotic prophylaxis.
Methods Published literature was searched through
MEDLINE (via PubMed), Embase (via Elsevier), Cochrane
Central Register of Controlled Trials (via Wiley), Web of
Science and ClinicalTrials.gov databases by a professional
librarian. The date ranges for our literature search were
January 1900 to March 2020. A systematic review and
meta-analysis of currently available evidence were
performed using the Grading of Recommendations
Assessment, Development and Evaluation methodology.
Results Fourteen relevant studies were identified

and analyzed. All but one were prospective, with eight
being prospective randomized control studies. Antibiotic
prophylaxis protocols ranged from a single dose at
insertion to 48 hours post-TT removal. The pooled data
showed that patients who received antibiotic prophylaxis
were significantly less likely to develop empyema (OR
0.47,95% C1 0.25 to 0.86, p=0.01). The benefit was
greater in patients with penetrating injuries (penetrating
OR 0.25, 95% C10.10 to 0.59, p=0.002,vs blunt OR
0.25,95% €1 0.06 to 1.12, p=0.07). Administration

of antibiotic prophylaxis did not significantly affect
pneumonia incidence or mortality.

Discussion In adult trauma patients who require

TT insertion, we conditionally recommend antibiotic
prophylaxis be given at the time of insertion to reduce
incidence of empyema.

PROSPERO registration number CRD42018088759.

INTRODUCTION

Thoracic injuries occur in about 60% of all trauma
patients.'” About one-third of these patients will
have a diagnosis of pneumothorax, hemothorax,
or hemopneumothorax.!” These can be treated
with observation with or without serial radiological
examinations, tube thoracostomy (TT) placement,
or far less commonly, thoracotomy.

,'" George Kasotakis @ 3

Antibiotic prophylaxis is administered for many
operative procedures to decrease risk of superficial
incisional surgical site infections (SSIs).® Antibiotic
selection is highly procedure-specific and based on
the bacteria likely to be the source of the potential
infection. The utility of antibiotic prophylaxis for
bedside procedures such as TT remains controver-
sial. The greatest concern with TT insertion revolves
around the possibility of skin flora introduction
into the sterile chest cavity, resulting in empyema
thoracis (empyema). In addition, empyema treat-
ment typically includes further invasive procedures,
such as additional TT insertion, long-term central
venous catheters for prolonged antibiotic therapy,
video-assisted thoracoscopy, decortication, and
occasionally even thoracotomy. A lesser concern is
the development of a superficial incisional SSI at
the site of the TT insertion, which may require local
incision and drainage with or without therapeutic
antibiotics.

In 2000, a practice management guideline from
the Eastern Association for the Surgery of Trauma
was performed, which found sufficient class I
and class II data for a level III recommendation
for prophylactic antibiotic use in patients under-
going TT.” In 2012, an update was performed,
which could not recommend for or against anti-
biotic prophylaxis for TT insertion for traumatic
hemothorax or pneumothorax. Of note, the
Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) methodology was
not used in the creation of either guideline.® We
performed a systematic review and meta-analysis
and developed an evidence-based recommendation
on whether patients with traumatic hemothorax or
pneumothorax should receive antibiotic prophy-
laxis using the GRADE methodology.’

OBJECTIVES

Our population, intervention, comparator, and

outcome (PICO) question was defined as follows.
The population of interest is adult (=18 years

old) trauma patients who require TT for traumatic

hemothorax or pneumothorax. Our intervention is

antibiotic prophylaxis given at TT insertion. The

BM)
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comparator group is no antibiotics. Our outcomes of interest are
empyema, pneumonia, and mortality.

Outcome measures

A wide variety of clinically relevant outcomes related to chest
trauma and TT insertion were considered, including hospital
length of stay (LOS), duration of TT, and mortality. These were
independently voted on by each team member on a scale from
1 to 9 per the GRADE methodology.” Outcomes with average
scores 7 to 9 were considered critical. Those with scores 4 to 6
were considered important, and those with scores ranging from
1 to 3 were considered of limited importance. After rounding
to the nearest integer, only critical outcomes (scores seven or
greater) were included in our final PICO question. Critical
outcomes were empyema, pneumonia, and mortality.

Identification of references
Our project was registered with the PROSPERO registry of
systematic reviews and meta-analyses (CRD42018088759).
Published literature was searched through MEDLINE (via
PubMed), Embase (via Elsevier), Cochrane Central Register of
Controlled Trials (via Wiley), Web of Science and ClinicalTrials.
gov databases by a professional librarian on March 7, 2020.
The following Medical Subject Headings (MeSH) terms were
included: chest tube, thoracostomy, trauma, hemothorax, pneu-
mothorax, and antibiotic in various iterations and combinations
(see online supplemental file 1 for the full search strategy).
Language was limited to English. The date ranges for our liter-
ature search were January 1900-March 2020. Prospective trials,

retrospective cohort, and case—control studies that included
trauma patients, chest injuries and antibiotics were eligible for
inclusion and retrieved. Case reports, commentaries, abstracts,
reviews, editorials and animal studies were excluded. For a study
to be included in our final analysis, a clear comparison between
patients receiving antibiotic prophylaxis and control patients
had to be present, as well as at least one of the critical outcomes
reported.

Titles and abstracts were screened independently by two
team members for inclusion in our meta-analysis. Conflicts
were blindly adjudicated by a third member. Full-text review
was performed in a similar fashion. Included articles had their
reference lists reviewed by two team members for identification
of potential additional articles. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses flow diagram for our
systematic review is depicted in figure 1.

Data extraction and methodology

Data extraction from each included study was performed using
a standardized data collection sheet and was performed in dupli-
cate. Data extracted included authors, journal, publication year,
study design, number of patients in antibiotic and control arms,
bacteria cultured, type of trauma (blunt or penetrating), inter-
vention details, and the critical outcomes previously listed. Skin
flora were defined as bacteria commonly found on human skin,
such as Staphylococcus spp and Streptococcus spp Respiratory
flora were defined as bacteria commonly found in the human
upper respiratory tract, such as S. pneumoniae, Haemophilus
influenzae, and anaerobes.

Records identified through
database searching
(n=596)

Y

Duplicates removed
(n=208)

y

Records screened
(n=388)

Records excluded

A 4

Full-text articles assessed
for eligibility
(n=50)

A 4

(n=338)

Full-text articles excluded

A\ 4

Studies included in
qualitative & quantitative
synthesis
(n=14)

Figure 1

A 4

(n=36)
10 — Review article
9 — Wrong intervention
6 — Wrong outcomes
3 — Duplicate
3 — Wrong patient
population
2 — Wrong study design
2 — Trial not completed
. 1 - Abstract

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for study selection for analysis.
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Meta-analysis was performed in Review Manager (RevMan
Online, The Cochrane Collaboration, 2021, Copenhagen,
Denmark) with random-effects modeling to generate forest
plots. Treatment effects were calculated with each study weight
being proportional to the number of subjects it contributed to
each outcome. For our binary outcomes (empyema, pneumonia,
and mortality), ORs were calculated for the intervention against
the comparator groups. Heterogeneity was calculated and quan-
tified with I?. High heterogeneity was considered present for I?
values of >75%, moderate for I? values of 50% to 74%, and low
if P is <509%.'°

Publication bias was evaluated using the Egger test, and the
GRADE framework was applied to all quantified outcomes for
assessment of bias, publication bias, inconsistency, imprecision,
and indirectness. A sensitivity analysis to determine whether
mechanism of injury (blunt vs penetrating) was associated with
antibiotic effect was also conducted. Evidence profiles were
created for each PICO using GRADEpro Guideline Develop-
ment Tool software (McMaster University and Evidence Prime,
2021, Hamilton, Ontario, Canada).

All committee members voted initially independently taking
into consideration the quality of evidence, relationship of bene-
fits and harms, perceived patient values and preferences, and
resource use. Although there was a majority, consensus was
unable to be reached after several conference calls and rounds
of voting. Our PICO question and analysis results (forest plots,
GradePRO table, risk of bias assessment, and summary of study
types) were submitted to two external GRADE experts for blind
review. Results were discussed with the group, and majority (13
of 16) with dissent was able to be reached.

RESULTS
Qualitative synthesis
Fourteen studies were included in the meta-analysis with publi-
cation dates ranging from 1977 to 2019.% 123 Available microbi-
ology data are summarized in table 1.

The oldest study by Grover et al'! was a double-blind, random-
ized control trial (RCT) of adult patients who underwent TT
insertion after penetrating trauma. The antibiotic prophylaxis

group received clindamycin from admission until either 1day
after TT removal or for 5days, whichever came first. The
remainder received no antibiotics. The antibiotic prophylaxis
group had a lower incidence of pneumonia, positive pleural
and wound cultures, and empyema. Pneumonia was diagnosed
based on radiologic findings. Pleural cultures in the antibiotic
prophylaxis group grew common skin flora. In the control
group, pleural cultures grew common skin flora in two-thirds
of the positive cultures. Wound cultures were also consistent
with skin flora. Sputum cultures in the antibiotic prophylaxis
group demonstrated 62% respiratory flora and 15% skin flora,
in contrast to the control group, where sputum cultures were
29% respiratory flora and 36% skin flora. They concluded that
antibiotic prophylaxis may confer an infectious benefit when
used for penetrating trauma.

Stone and colleagues!? evaluated patients undergoing TT
insertion in an RCT of penetrating wound victims conducted
during 22 months.!? Patients received either a second-generation
cephalosporin (cefamandole) or placebo, which continued from
the time of insertion until 2days after TT removal. All infec-
tions were due to bacteria susceptible to cefamandole. They did
not separate bacteria responsible for pneumonias as opposed
to empyemas. More importantly, the bacterial species respon-
sible for the single case of empyema in the antibiotic prophy-
laxis group was also not reported. Skin flora, however, were
responsible for the majority of infections. Patients who received
placebo were eight times more likely to develop empyema or
pneumonia, making the authors conclude that in patients with
penetrating chest injury, antibiotic prophylaxis confers a benefit.

In a randomized study of patients from LeBlanc et al** blunt
and penetrating trauma patients who required TT received
either a first-generation cephalosporin (cephapirin) or no anti-
biotics from insertion to 24 hours post-removal.'* The antibiotic
prophylaxis group had one patient with pneumonia, whereas the
control group had one patient with pneumonia, one patient with
empyema, and two patients with superficial incisional SSI. The
difference in infectious complications did not reach statistical
significance. The group pointed out in their discussion that this
is a relatively small series (52 patients, with 26 in each group)

Table 1 Microbial data by study

Empyema antibiotic

Study prophylaxis group Empyema control group Pneumonia antibiotic prophylaxis group Pneumonia control group

Grover Alpha Streptococcus, S. Microaerophilic Streptococcus, Haemophilus influenzae (x6), H. influenzae (x4), H. haemolyticus,

etal" epidermidis (x2) S. aureus (x2), H. parainfluenzae (x4), beta Streptococcus, S. pneumoniae (x4), S.
S. epidermidis (x3), Escherichia coli, H. haemolyticus, beta Streptococcus, aureus (x3), Enterobacter (x2), Klebsiella

Enterococcus, and Proteus

LeBlanc and No cases reported S. aureus and Pseudomonas
Tucker® aeruginosa
Brunner etal™  No cases reported S. aureus (x5) and
Klebsiella pneumoniae
Nichols et al'” No cases reported Streptococcus (x2), S. aureus (x2),
coagulase-negative Staphylococcus
Gonzalez and No cases reported S. aureus (x2)
Holevar'®
Maxwell et al'®  S. aureus (x2) S. aureus (x3) and

H. influenzae

S. epidermidis, Enterobacter, Candida (x3) (x2), Proteus,
E. coli, and Citrobacter

No data reported No data reported
S. aureus S. aureus and

S. pneumoniae
No cases reported H. influenzae (x2)
No cases reported S. pneumoniae,

S. aureus and
H. influenzae

E. faecalis, S. pneumoniae (x2)
Serratia marcenins,

Moraxella morgagnii, H. influenzae (x3),

S. aureus,

S. pneumoniae,

P, aeruginosa, mixed respiratory flora
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and concluded that there was no obvious benefit to receiving
antibiotic prophylaxis for TT insertion.

LoCurto and colleagues'* studied the use of prophylactic
antibiotics for TT insertion in blunt and penetrating trauma.'
Patients were randomized to receive either a second-generation
cephalosporin (cefoxitin) at insertion and continued until 12
hours post removal, or placebo. Pneumonia and empyema were
significantly more common in the placebo group. No microbi-
ology data were provided. The authors concluded that antibiotic
prophylaxis did confer a benefit in patients undergoing TT inser-
tion after either blunt or penetrating thoracic trauma.

Brunner et al studied chest trauma patients who were
prospectively randomized into two groups (antibiotic prophy-
laxis for skin flora (cefazolin) vs placebo) based on the date of
their admission (even vs odd date)."> Cefazolin was continued for
the entire duration of TT drainage. A total of six empyemas were
identified. All were in the placebo group, and all were in patients
with penetrating trauma. Of those, 83% grew skin flora. One
blunt injury victim that did receive antibiotic prophylaxis devel-
oped pneumonia. The placebo group had three pneumonias,
again all seen in penetrating trauma patients. They concluded
antibiotic prophylaxis during the period of chest drainage
may result in decreased infectious complications, particularly
empyema.

Cant and associates'® studied isolated chest stab wound
patients who required TT insertion within 24 hours of their
injury in an RCT.!¢ Patients were randomized to receive either
antibiotic prophylaxis for skin flora (cefazolin) or placebo during
24 hours. Pleural fluid was sent for culture at insertion. The
most common pathogens cultured from the pleural fluid were
skin flora; however, it is unclear whether routinely obtained
cultures were of clinical importance. The placebo group had a
higher incidence of both empyema and pneumonia. Antibiotic
prophylaxis was also associated with a lower thoracotomy rate
and consequent cost savings. Therefore, they recommended
antibiotic prophylaxis for TT insertion for chest stab wounds.

In the RCT by Nichols et al,'” adult patients who sustained
blunt or penetrating trauma and required a TT were given
cefonicid or placebo at insertion and then daily until 24 hours
post removal. Antibiotic prophylaxis was associated with signifi-
cantly fewer episodes of pneumonia and empyema. All empyema
and pneumonia cases were associated with penetrating trauma;
however, there were only 6 patients (out of 116 included) who
sustained blunt trauma. The empyema cultures from the placebo
group were due to skin flora, whereas the pneumonia cases were
due to respiratory flora. The authors therefore concluded that
limited dosing of antibiotic prophylaxis was valuable in the
prevention of pneumonia and empyema after TT insertion for
thoracic trauma.

Gonzalez and Holevar'® prospectively studied patients with
isolated blunt or penetrating thoracic trauma requiring TT
insertion.!® Patients were randomized to receive cefazolin versus
placebo using double-blind methodology for the entire duration
of the TT. In patients who did not receive antibiotic prophy-
laxis, there were two patients with empyema from skin flora and
two patients with pneumonias from a combination of respiratory
and skin flora. There were no patients with empyema nor pneu-
monia in the antibiotic prophylaxis group. They concluded that
isolated patients with chest injury would benefit from antibiotic
prophylaxis during TT insertion.

Maxwell et al' conducted a multicenter RCT which studied
the use of antibiotic prophylaxis during TT insertion for blunt
and penetrating thoracic trauma during 34 months.”” For
empyemas, skin flora were the predominant pathogens. For

pneumonias in the antibiotic prophylaxis group, the cultures
were polymicrobial. The pneumonias in the placebo group were
both consistent with pansensitive respiratory flora. They found
that pneumonia was more likely to occur after blunt trauma,
whereas empyema tended to occur after penetrating injuries.

Villegas-Carlos et al*® conducted an RCT in blunt chest
trauma patients requiring TT.?* One group received antibiotic
prophylaxis (cephalothin for 7 days), and the other placebo. No
information regarding the microbiology of the infections were
provided. There was no statistically significant difference in the
incidence of empyema between the two groups.

More recently, the American Association for the Surgery of
Trauma (AAST) sponsored a multicenter, prospective, observa-
tional study at 20 trauma centers from 2009 to 2011 of patients
with retained hemothorax on imaging within 14 days of the
initial TT insertion.?? The most common antibiotic prophylaxis
used was cefazolin (84.1%) for skin flora. This group found no
association between either the use of periprocedural antibiotics
or antibiotic choice and subsequent development of empyema.

Grigorescu and Maghiar?! retrospectively studied 939 patients
with both blunt and penetrating thoracic trauma that underwent
TT insertion for hemothorax or pneumothorax.?! They strati-
fied patients into those who received antibiotic prophylaxis
(<24 hours), curative antibiotics (multiple antibiotics or one for
>24 hours), and no antibiotics. The actual antibiotics used were
not described. Logistic regression analysis showed that neither
prophylactic nor curative antibiotics lowered risk for pneumonia
and empyema. Of the six deaths reported, only one was due to
infection.

In 2014, Heydari et al performed an RCT of blunt trauma
patients needing TT. Patients were randomized into two
groups, one group received antibiotic prophylaxis for skin flora
(cefazolin) for 24 hours after TT insertion; the other did not.?
They demonstrated no difference in rates of empyema or pneu-
monia between the two groups.

In its most recent publication on this topic, the AAST spon-
sored a multicenter, prospective, observational study at 23 level
I and II trauma centers from December 1, 2013, to November
16,2016.° A total of 1887 patients were included in the primary
analysis (272 received antibiotic prophylaxis; 1615 did not).
Although 14 different antibiotics were used, cefazolin was the
most common. The nearest neighbor-matching method was used
to match the 272 antibiotic patients with individual controls at a
1:1 ratio. There were no significant differences in empyema nor
pneumonia rates.

Quantitative synthesis (meta-analysis)

Empyema

Fourteen studies compared empyema incidence in all trauma
patients who were given antibiotic prophylaxis for TT insertion
versus no antibiotics (figure 2A—C).° 12 In the prospective data,
a total of 1057 patients received antibiotic prophylaxis, whereas
1018 patients did not (figure 2A). There were 44 patients with
empyema who received antibiotic prophylaxis and 96 who
did not. Heterogeneity was low. The pooled data showed that
patients who received antibiotic prophylaxis were significantly
less likely to develop empyema. In the retrospective data, 19 of
740 patients with empyema received antibiotic prophylaxis and
2 of 199 patients who did not (figure 2B).

Patients were then divided based on mechanism of injury.
Eight RCTs compared empyema incidence in penetrating trauma
patients who were given antibiotic prophylaxis at TT insertion
versus patients who received no antibiotics (figure 3A).! 13 15-20
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A
Prophylactic Antibiotics No Antibiotics Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Grover 1977 1 38 6 37  6.4% 0.14[0.02, 1.22] L
Stone 1981 1 60 3 60 5.9% 0.32[0.03, 3.19] S
LeBlanc 1985 0 26 1 26 3.2% 0.32[0.01, 8.24]
LoCurto 1986 0 30 5 28  3.8% 0.07[0.00,1.33] — |
Brunner 1990 0 44 6 46 3.9% 0.07[0.00,1.28] ¢—u |
Cant 1993 0 57 5 56 3.9% 0.08[0.00,151] ¢—-e— |
Nichols 1994 0 63 4 56  3.8% 0.09[0.00,1.75] ¢— o |
Gonzalez 1998 0 7 2 68 3.6% 0.19[0.01,395] ¢— . |
Maxwell 2004 2 153 4 72 9.2% 0.23[0.04, 1.26] S
Villegas 2009 3 63 5 63 11.5% 0.58 [0.13, 2.54] —
Dubose 2012 31 126 50 184 27.7% 0.87[0.52, 1.47] .
Heydari 2014 0 54 1 50 3.3% 0.30[0.01, 7.61] .
Cook 2019 6 272 4 272 13.8% 1.51[0.42,5.42] — e
Total (95% Cl) 1057 1018 100.0% 0.40 [0.22, 0.75] ‘
Total events: 44 96
Heterogeneity: Tau? = 0.28; Chiz = 16.26, df = 12 (P = 0.18); I* = 26% 061 o o 10
Test for overall effect: Z = 2.90 (P = 0.004) Favours Prophylactic Antibiotics Favours No Antibiotics

Test for subgroup differences: Not applicable

B
Prophylactic Antibiotics  No Antibiotics Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Grigorescu 2012 19 740 2 199 100.0% 2.60[0.60, 11.24]
Total (95% CI) 740 199 100.0% 2.60 [0.60 , 11.24]
Total events: 19 2
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 1.28 (P = 0.20) Favours Prophylactic Antibiotics Favours No Antibiotics
Test for subgroup differences: Not applicable
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Figure 2 (A) Empyema: all trauma (prospective). (B) Empyema: all trauma (retrospective). (C) Funnel plot: empyema all trauma (prospective). (D)
Risk of bias assessment.

There were only 5 patients with empyema in the antibiotic Empyema incidence was significantly decreased in penetrating
prophylaxis group (358 patients) and 29 in the control group trauma patients who received antibiotic prophylaxis at TT
(326 patients). Heterogeneity was low in the pooled data. insertion (p=0.002). Four RCTs studied antibiotic prophylaxis
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A

Prophylactic Antibiotics No Antibiotics Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Grover 1977 1 38 6 37 16.0% 0.14[0.02, 1.22] [ — N
LeBlanc 1985 0 18 1 18 7.1% 0.32[0.01,827) — . |
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Nichols 1994 0 60 4 53 8.7% 0.09[0.00,1.73] ¢—e— |
Gonzalez 1998 0 53 1 52 7.2% 0.32[0.01,806) — . [
Maxwell 2004 1 60 2 26  12.6% 0.20[0.02, 2.35] —_—
Villegas 2009 3 39 4 44 30.8% 0.83[0.17, 3.98] [
Total (95% ClI) 358 326 100.0% 0.25[0.10, 0.59] ’
Total events: 5 29
Heterogeneity: Tau? = 0.00; Chi? = 4.39, df = 7 (P = 0.73); 12 = 0% 061 o1 PRET

Test for overall effect: Z = 3.14 (P = 0.002)
Test for subgroup differences: Not applicable

Favours Prophylactic Antibiotics Favours No antibiotics

B
Prophylactic Antibiotics  No Antibiotics Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gonzalez 1998 0 18 1 16 20.6% 0.28 [0.01, 7.36] -
Maxwell 2004 1 97 2 45 37.4% 0.22[0.02, 2.54] — =
Villegas 2009 0 24 1 19 20.8% 0.25[0.01,6.54] ¢
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Total (95% CI) 193 129 100.0% 0.25 [0.06, 1.12] ’
Total events: 1 5
Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 3 (P = 1.00); I> = 0% 0.01 0.1 10 100

Test for overall effect: Z = 1.80 (P = 0.07)
Test for subgroup differences: Not applicable

Figure 3

usage for TT insertion in blunt trauma patients (figure 3B).!8-2023

Heterogeneity was low. No statistically significant difference
between the two groups was found (p=0.07).

Pneumonia

In the prospective data, there were 66 patients with pneumonia
in the antibiotic prophylaxis group (845 patients) versus 74
in the no-antibiotics group (749 patients, figure 4A).5 11-19 23
Heterogeneity was moderate in the pooled data, and it should be
mentioned that two articles diagnosed pneumonia based only on
radiographic findings.!' 2 A funnel plot is shown in figure 4C.
The retrospective data showed no difference between the groups
(figure 4B).

Mortality

Four publications that reported mortality rates with antibi-
otic prophylaxis usage for TT insertion in trauma patients
(figure SA-C).’ 31421 There was a low degree of heterogeneity
in the pooled data. There was no statistical difference between
the two groups.

Grading the evidence
Of the 14 studies included in the meta-analysis, 13 were prospec-
tive in nature.’ 11-202223

Eight were RCTs.!! 12162023 One was a prospective observa-
tional study with 1:1 patient matching.’ The most common anti-
biotic used in the studies was cefazolin.’ 131618192223 [ one study,
the antibiotic used and the dose regimen were not mentioned.?!
Antibiotic protocols in the other studies ranged from a single
preprocedure dose to 48 hours post TT removal.

Favours Prophylactic Antibiotics Favours No Antibiotics

(A) Empyema: penetrating trauma (prospective). (B) Empyema: blunt trauma (prospective).

Eight studies recommended the use of antibiotic prophylaxis,
three of which only studied penetrating trauma patients.!! 12 16
Seven of these were published before 2000." 12 '8 Interest-
ingly, the group of six studies that did not recommend antibiotic
prophylaxis usage included three of the four largest studies.’ 2022

For patients with empyema and pneumonia, different antibi-
otics and different antibiotic protocols were used across studies.
Some studies focused on only penetrating trauma patients,
whereas others either focused on only blunt injuries or combined
the blunt and penetrating trauma patients. In addition, there was
variability in injury severity and blinding of treatment limbs. The
overall quality of evidence for the RCT data is considered high,
whereas the quality for the observational and retrospective data
is considered very low (figures 6 and 7). Risk of bias assessment
is shown in figure 2D.

DISCUSSION
This study found a decline in empyema incidence with antibiotic
prophylaxis usage for TT placement. Subgroup analysis showed
antibiotic prophylaxis was more impactful in penetrating chest
trauma. There were no statistical differences in pneumonia and
mortality rates. The previous guideline from 2012 could not
make a recommendation regarding antibiotic prophylaxis usage
due to insufficient evidence.®

There are several limitations to this study. Included studies
varied in types of antibiotics given, treatment dosages and
duration protocols. The two multi-institutional studies did not
control the antibiotic protocol used, so the results are muddled
with broad-spectrum and narrow-spectrum antibiotics as well as
varying regimen durations.’ * Two studies diagnosed pneumonia
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Cant 1993 4 34 12 35 13.1% 0.26 [0.07 , 0.90] ——
Nichols 1994 0 63 3 56 5.3% 0.12[0.01,238] ¢—u—— |
Gonzalez 1998 0 71 2 68 52% 0.19[0.01,3.95] ¢ . |
Maxwell 2004 12 153 2 71 11.4% 2.94[0.64 , 13.48] N I
Heydari 2014 2 54 4 50 10.1% 0.44 [0.08 , 2.53] S
Cook 2019 42 272 27 272 17.6% 1.66 [0.99, 2.78] | -
Total (95% Cl) 845 749 100.0% 0.46 [0.20, 1.04] ‘
Total events: 66 74
Heterogeneity: Tau? = 0.91; Chi2 = 24.78, df = 10 (P = 0.006); I = 60% 001 071 o 1o

Test for overall effect: Z = 1.85 (P = 0.06)
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Figure 4 (A) Pneumonia: all trauma (prospective). (B) Pneumonia: all trauma (retrospective). (C) Funnel plot: pneumonia all trauma.

based on radiographical findings alone, creating a concern for
overdiagnosis.!' 2 However, when the funnel plot was analyzed,
these two studies were consistent with the others included. In
addition, there was no significant change in the OR with removal
of these data. As a result, the working group chose to include
these data to prevent the introduction of any selection bias.

In addition, how much temporal improvements in sterile
technique at TT insertion, TT size, pain management and
pulmonary toilet, and overall critical care management during
the course of the last few decades affected infectious outcomes
remains unclear. None of the studies provided information

on skin preparation, draping, or insertion protocols. Changes
in the management of retained hemothorax and use of early
video-assisted thoracoscopic surgery or percutaneous empyema
drainage were not discussed.

Routine antibiotic usage is not without consequences. Clost-
ridioides difficile causes more than 450 000 infections and 29 000
deaths in the USA annually.?* Antibiotic exposure is the most
common trigger, as it disrupts the normal bowel flora.? Though
most of the older studies do not mention C. difficile, Grover
et al terminated their study early due to concerns from recent
publications linking clindamycin usage to C. difficile infections.!!
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Figure 5 (A) Mortality: all trauma (prospective). (B) Mortality: all trauma (retrospective). (C) Funnel plot: mortality all trauma.

Most recently, Cook et al reported no difference in C. difficile
colitis between the antibiotic prophylaxis and control groups,
which is consistent with reported increases in community-
acquired cases.’ > In addition, Maxwell ez al reported increased
antibiotic resistance in cultures for patients who received both
single and continuous dosing of antibiotics when compared with
patients who did not receive any antibiotics."

When the data are stratified by injury mechanism, there seems
to be a greater benefit of prophylactic antibiotic usage for TT
insertion in penetrating trauma patients, compared with blunt
injuries. The majority of empyemas in these patients were caused
by skin flora. It is unclear whether this is due to the procedure
itself, the contaminated nature of the wound, or, more likely, a
combination of the two. We suspect there is a combination of
factors as there is a decrease in empyema incidence seen in blunt
trauma patients (who would presumably have a sterile pleural
cavity until TT insertion) receiving antibiotic prophylaxis,
although it did not reach significance.

Infection prevention must be balanced with cost and resource
management. Most of the studies did not show a difference in

hospital LOS; however, LoCurto et al found an average 4-day
shorter LOS with antibiotic prophylaxis."* Cant et al showed
fewer thoracotomies with prophylactic antibiotics, leading to
lower hospital charges.!®

Of note, there was no unanimity in the evaluation of the data
or in the recommendation. Three dissenting members of the
work group pointed out that during the temporal trend of the
studies (figure 2A), there has been a decline in the significance
of antibiotic prophylaxis during the more than 30 years of data,
such that more recent studies did not demonstrate a benefit of
antibiotic usage. It is possible that the visualized trend may be
attributable to improvements in sterile technique, care bundles,
smaller chest tubes, or other advances in protocolized trauma
care.

Recommendation

We conditionally recommend that antibiotic prophylaxis be given
at the time of insertion to reduce empyema in adult patients who
require TT for traumatic hemothorax or pneumothorax.
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Certainty assessment Ne of patients

Neof | ¢ idy design Inconsistency | Indirectness | Imprecision G prophylactic Relative Absolute Gy
studies v = v F considerations | antibiotics antlblotlcs (95% Cl) (95% Cl)

Empyema (Prospective)

11 randomised not not serious | not serious | not serious none 7/659 42/562 OR0.22 57 fewer per 1,000 CODD
trials serious (1.1%) (7.5%) (0.11to (from 66 fewer to 40 High
0.45) fewer)

Empyema (Prospective)

2 observational | serious® | not serious | not serious | not serious none 37/398 54/456 | OR0.95 5 fewer per 1,000 o000
studies (9.3%) (11.8%) (0.58 to (from 46 fewer to 52 Very low
1.53) more)
Empyema (Retrospective)
1 observational very serious® not serious | not serious none 19/740 2/199 OR 2.60 16 more per 1,000 o000
studies serious® (2.6%) (1.0%) (0.60 to (from 4 fewer to 92 Very low
11.24) more)

Penetrating Empyema (Prospective)

8 randomised not not serious | not serious | not serious none 5/358 29/326 OR0.25 65 fewer per 1,000 DODD
trials serious (1.4%) (8.9%) (0.10 to (from 79 fewer to 34 High
0.59) fewer)

Blunt Empyema (Prospective)

4 randomised not not serious | not serious | not serious none 1/193 5/129 OR 0.25 29 fewer per 1,000 DOOD
trials serious (0.5%) (3.9%) (0.06 to (from 36 fewer to 4 High
1.12) more)

Figure 6 GradePro table: empyema. *See Risk of Bias assessment. tDifferent antibiotics and different protocols used.

f | study desi Inconsistency | Indirectness [ Imprecis i Relative Absolute ety
Stucies YEEE Y P considerations cs | (95% Cl) (95% Cl)

Pneumonia (Prospective)

10 randomised not not serious | not serious | not serious none 24/573 (4.2%) 47/477 OR0.37 60 fewer per 1,000 OODPD
trials serious (9.9%) (0.19to | (from 78 fewer to 25 High
0.73) fewer)

Pneumonia (Prospective)

1 observational very serious® not serious | not serious none 6/272 (2.2%) 4/272 OR 1.51 7 more per 1,000 o000
studies serious (1.5%) (0.42to (from 8 fewer to 60 Very low
5.42) more)

Pneumonia (Retrospective)

1 observational very not serious | not serious | not serious none 21/740 (2.8%) 0/199 OR 0 fewer per 1,000 o000
studies serious? (0.0%) 11.92 (from O fewer to O Very low
(0.72to fewer)
197.69)

Mortality (Prospective)

2 randomised not not serious | not serious | not serious none 1/56 (1.8%) 1/54 OR 0.97 1 fewer per 1,000 PPHP
trials serious (1.9%) (0.10to | (from 17 fewer to 135 High
9.58) more)

Mortality (Prospective)

1 observational | serious® | not serious | not serious | not serious none 24/272 (8.8%) 29/272 OR0.81 18 fewer per 1,000 o000
studies (10.7%) (0.46to | (from 55 fewer to 39 Very low
1.43) more)
Mortality (Retrospective)
1 observational very not serious | not serious | not serious none 3/740 (0.4%) 3/199 OR 0.27 11 fewer per 1,000 | OO0
studies serious? (1.5%) (0.05 to (from 14 fewer to 5 Very low
1.33) more)

Figure 7  GradePro table: pneumonia and mortality. *See risk of bias assessment. tDifferent conclusions.
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