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BACKGROUND: Fatality rates following penetrating traumatic brain injury (pTBI) are extremely high and survivors are often left with significant
disability. Infection following pTBI is associated with worse morbidity. The modern rates of central nervous system infections
(INF) in civilian survivors are unknown. This study sought to determine the rate of and risk factors for INF following pTBI and
to determine the impact of antibiotic prophylaxis.

METHODS: Seventeen institutions submitted adult patients with pTBI and survival of more than 72 hours from 2006 to 2016. Patients were
stratified by the presence or absence of infection and the use or omission of prophylactic antibiotics. Study was powered at
85% to detect a difference in infection rate of 5%. Primary endpoint was the impact of prophylactic antibiotics on INF. Mantel-
Haenszel χ2 and Wilcoxon's rank-sum tests were used to compare categorical and nonparametric variables. Significance greater
than p = 0.2 was included in a logistic regression adjusted for center.

RESULTS: Seven hundred sixty-three patients with pTBI were identified over 11 years. 7% (n = 51) of patients developed an INF. Sixty-six per-
cent of INF patients received prophylactic antibiotics. Sixty-two percent of all patients received one dose or greater of prophylactic
antibiotics and 50% of patients received extended antibiotics. Degree of dural penetration did not appear to impact the incidence of
INF (p = 0.8) nor did trajectory through the oropharynx (p = 0.18). Controlling for other variables, therewas no statistically significant
difference in INFwith the use of prophylactic antibiotics (p= 0.5). Infectionwas higher in patientswith intracerebral pressuremonitors
(4% vs. 12%; p = <0.001) and in patients with surgical intervention (10% vs. 3%; p < 0.001).

CONCLUSION: There is no reduction in INFwith prophylactic antibiotics in pTBI. Surgical intervention and invasive intracerebral pressuremonitoring
appear to be risk factors for INF regardless of prophylactic use. (J Trauma Acute Care Surg. 2019;87: 61–67. Copyright © 2019
Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Therapeutic, level IV.
KEYWORDS: Penetrating brain injury; infection; antibiotics; intervention.

O ver one million Americans are treated for traumatic brain
injuries (TBI) annually. Traumatic brain injuries account

for nearly 33% of injury-related deaths in the United States.1,2

The incidence of penetrating TBI (pTBI) continues to rise and
was associated with over 34,000 deaths in the United States in
20153–6 with mortality rates of pTBIs as high as 85%.7

The literature on pTBI has largely separated injury type into
civilian and military settings.8 Historically, military injuries have
been associated with high-velocity ballistics as well as shrapnel
injuries.8 Mortality rates from pTBI in the military population are
reported to range from 6.8% to 61.1%.9–13 Civilian injuries were
classically lower velocity injuries; however, the use of high-velocity
weapons has significantly increased in recent years. Civilian
mortality from pTBI ranges from 34% to 88.1%.14

The incidence of infection after penetrating brain injury, or
penetrating brain injury infections (INF) has also been separated
into injury type. In the military population, infection is reported
to occur up to 25%,9 and occurs anywhere from 8% to 23% in
the civilian population.14 INF is hypothesized to be a direct con-
sequence of intracranial exposure to debris, projectile, hair, skin,
or bone fragments4,14 with the most common diagnosis being
meningitis, ventriculitis, empyema, brain abscess, osteomyelitis,
or superficial wound infections.4,14

Jimenez et al.14 studied low velocity pTBI and the use of
antibiotics. This study was limited to 160 patients, all of whom
underwent operative intervention. Fifty-nine patients received
prophylactic antibiotics while 101 patients did not. Patients had,
on average, 3 months of follow-up. There was a 25% postoperative
infection rate across the entire population with a 20% infection rate
among patients who did not receive prophylactic antibiotics and a
33% infection rate in those who did receive antibiotics.14 There
was no statistical difference in infection rate in patients who re-
ceived preoperative antibiotics and thosewho did not. In this study,
risk factors for postoperative infection included trajectory through
the oropharynx and retained intracranial fragments.14

The role of prophylactic antibiotics in pTBI has been
strongly advocated, but there is no consensus on the efficacy.8,15,16

TheWorking Party of British Society for Antimicrobial Chemo-
therapy recommends 5 days of antibiotic prophylaxis, but admits
there is not sufficient evidence to support the recommendation.8

The Brain Trauma Foundation does not make recommendations
about antibiotic prophylaxis use in pTBI outside of the perioper-
ative setting.17

The purpose of this study is to determine the incidence
of infection after penetrating brain injury and to identify pre-
dictive factors for infection after penetrating brain injury. Our
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hypothesis is that the use of prophylactic antibiotics does not
impact the rate of infection.

METHODS

The Eastern Association of Surgeons Trauma Multicenter
trial committee approved this study and participating centers
were drawn from the membership of the Eastern Association
of Surgery and Trauma. All participating centers obtained local
Institutional Review Board (IRB) approval. This was a retro-
spective review of adult patients (age >17 years) with pTBI
and survival longer than 72 hours, admitted between 2006 and
2016 from 17 trauma centers. All patients had to have evidence
of dural penetration either confirmed by computed tomography
scan or operative report. This study was not limited to isolated
head trauma but included all patients with dural penetration irre-
spective of other organ system injury. Participating centers in-
cluded: R Adams Cowley Shock Trauma Center, University of
Maryland- Baltimore MD (Level 1), St Mary's Medical
Center- West Palm Beach FL (Level 1), Carolinas Medical
Center- Charlotte NC (ACS verified-Level 1), Rutgers, The State
University of New Jersey- New Brunswick NJ (Level 1), Eastern
VirginiaMedical School- Norfolk VA (Level 1),Wright State Re-
search Institute- Beaver Creek OH (Level 1), Allegheny General
Hospital- Pittsburg PA (Level 1), Methodist Hospital- Dallas TX
(ACS verified-Level 1), Cooper Health- Camden NJ (ACS
verified- Level 1), Banner Health System- Phoenix AZ (ACS
verified- Level 1), Indiana University School of Medicine-
Indianapolis IN (ACS verified- Level 1), University of California
Irvine- Irvine CA (ACS verified- Level 1), Loma Linda Medical
Center- Loma Linda CA (ACS verified- Level 1), LA County
Harbor-UCLA Medical Center- Los Angeles CA (ACS verified-
Level 1), UC Health Northern Colorado- Loveland CO (ACS
verified-Level 2), Medical City Plano Hospital- Plano TX (ACS
verified-Level 1), University of Colorado Health- Colorado Springs
CO (ACS verified-Level 1).

The primary endpoint was the incidence of central nervous
system (CNS INF) infection after penetrating brain injury. The
study was powered at 85% to detect a difference in infection rate
of 5%. Patients were stratified on the presence or absence of in-
fection and the use or omission of prophylactic antibiotics. Infec-
tion was defined by microbiology cultures, imaging and clinical
presentation. Clinical diagnosis of CNS infection was based on
clinical findings indicative of CNS infection. The CNS infections
included cerebral abscess, empyema, meningitis or ventriculitis.
Extracalvarial infections such as soft tissue cellulitis or abscess
and sinusitis were not included.

Antibiotic type and duration were identified. Prophylactic
antibiotics were defined as any antibiotics given within the first
24 hours of admission. Demographics, injury pattern, and out-
comes pertaining to mortality and LOS were also obtained. Ad-
ditional factors analyzed for their association with infection
included retained foreign body, surgical intervention, intracere-
bral pressure (ICP) monitoring, natural orifice involvement
and degree of penetration. Pearson's χ2 and Wilcoxon rank-
sum tests were used to compare categorical and nonparametric
variables in bivariate analysis with infection rate. Ordinal data
were analyzed using the Mantel-Haenszel χ2 statistic. Statisti-
cal significance was indicated by a probability (p) value below

TABLE 1. Demographics of All Patients

N = 763 N %

Age, y

Range (18–90)

Mean 35

Median 31

ISS

Range (1–75)

Mean 24

Median 25

Sex

Female 115 15%

Male 648 85%

Race

Asian 8 1%

Black 322 42%

Hispanic 38 5%

White 345 45%

Other 50 7%

Mechanism

Gunshot wound 685 90%

Stab 47 6%

Other 31 4%

Degree of dural penetration

Diffuse 455 60%

Local 309 40%

Trajectory through the oropharynx

Yes 306 40%

No 457 60%

Retained foreign body

Yes 479 63%

No 284 37%

Operative intervention*

Yes 365 48%

No 396 52%

ICP monitor**

Yes 223 29%

No 539 71%

Prophylactic antibiotics

Yes 475 62%

No 287 38%

Any antibiotics during admission
Duration of antibiotics

None 272 36%

<24 h 107 14%

24–72 h 164 21%

3–7 d 141 19%

>7 d 78 10%

Infection

Yes 51 7%

No 712 93%

LOS

Range

Mean

Median

*Craniotomy or craniectomy.
**Intraparenchymal or intraventricular.
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0.05. All variables with p values below 0.20 were included as
covariates in a logistic regression model examining the associa-
tion of prophylactic antibiotics with INF rate following adjust-
ment by clinical center.

RESULTS

Over an 11-year period, from 2006 to 2016, 763 patients
met inclusion criteria with penetrating brain injury and confirmed
dural violation. Median Injury Severity Score (ISS) was 25.
Eighty five percent of patients were male, with age ranging from
18 to 90 years; mean age, 35 years. Primary mechanism of injury
was gunshot wound (90%); however, 6% of patients included had
a knife stab wound to the head. Nail gun injuries, hammer inju-
ries, arrow injuries were categorized as “other” and made up 4%
of all injuries. Forty-eight percent (n = 365) of the patients
underwent craniotomy or craniectomy. Sixty-two percent (n = 475)
of patients received at least one dose of prophylactic antibiotics
(Table 1). Extended penetration (greater than 1 cm of intrusion or
involving multiple lobes) constituted 60% of the patients; the re-
maining patients sustained local dural penetration (classified as
less than 1 cm of intrusion limited to one region). Twenty-nine
percent of patients had intracranial pressure monitors. Fifty-
one (7%) patients had a CNS infection after penetrating brain
injury (INF).

When comparing patients who received prophylactic anti-
biotics and thosewho did not, therewas no significant difference
in the rate of secondary infection (p = 0.50, Table 2). Additional
bivariate analyses indicated that degree of dural penetration
(p = 0.10) and oropharyngeal trajectory did not impact infection

TABLE 2. Bivariate Analysis of Factors Impacting Infection Rate
After Penetrating Brain Injury

CNS Infection No CNS Infection p

Sex 0.49

Male 45 (7%) 603 (93%)

Female 6 (5%) 109 (95%)

Race 0.8

Black 23 (45%) 299 (42%)

White 23 (45%) 322 (45%)

Other 5 (10%) 91 (13%)

Age, y 0.79

18–30 24 (47%) 352 (55%)

31–40 11 (22%) 143 (20%)

41–50 9 (18%) 89 (13%)

51–60 5 (10%) 70 (10%)

61+ 2 (3%) 58 (8%)

Mechanism 0.35

Gunshot wound 47 (92%) 638 (90%)

Stab 1 (2%) 46 (6%)

Other 3 (6%) 28 (4%)

ISS 0.38

≤ 8 1 (2%) 19 (3%)

9–15 5 (10%) 96 (13%)

16–24 20 (39%) 203 (29%)

≥25 23 (45%) 379 (53%)

Unknown 2 (4%) 15 (2%)

Head AIS score 0.33

0–2 1 (2%) 35 (5%)

≥ 3 50 (98%) 677 (95%)

Face AIS score 0.80

0–2 42 (82%) 596 (84%)

≥3 9 (18%) 116 (16%)

Prophylactic antibiotics 34 (7%) 441 (93%) 0.50

No prophylactic antibiotics 17 (6%) 271 (94%)

Duration of total antibiotics 0.37

≤24 h 13 (25%) 261 (37%)

1–3 d 8 (16%) 98 (14%)

3–5 d 10 (20%) 154 (22%)

5–7 d 12 (24%) 129 (18%)

>7 d 8 (16%) 70 (10%)

Degree of dural penetration 0.10

Local 15 (5%) 293 (95%)

Extensive 36 (8%) 419 (92%)

Trajectory 0.18

Includes oropharynx 25 (8%) 281 (91%)

Excludes oropharynx 26 (6%) 431 (94%)

Retained foreign body 444 (93%) 35 (7%) 0.37

No retained foreign body 268 (95%) 16 (5%)

ICP monitor* 27 (12%) 196 (88%) <0.0001

No ICP monitor 24 (4%) 516 (96%)

Operative intervention** 37 (10%) 328 (90%) <0.0001

No operative intervention 13 (3%) 383 (97%)

*Intraparenchymal or intraventricular.
**Craniotomy or craniectomy.
AIS, Abbreviated Injury Scale.

TABLE 3. Outcomes and Antibiotic Prophylaxis

CNS Infection No CNS Infection p

Hospital LOS, d <0.001

3 0 (0%) 100 (14%)

>3–7 5 (10%) 225 (32%)

8–15 5 (10%) 141 (20%)

15+ 41 (80%) 246 (35%)

ICU LOS, d <0.001

0 3 (6%) 116 (16%)

<3 3 (6%) 108 (15%)

3–7 9 (18%) 229 (32%)

8–15 12 (24%) 142 (20%)

15+ 24 (47%) 117 (16%)

Mortality 0.006

Yes 4 (8%) 537 (75%)

No 47 (92%) 175 (25%)

TABLE 4. Multivariable Analysis of the Factors Contributing to
Secondary Infection After Penetrating Brain Injury

Odds Ratio CI p

Prophylactic antibiotics 0.76 0.38–1.5 0.43

Institution 0.97 0.89–1.04 0.32

ICP monitor 2.27 1.18–4.4 0.01

Operative intervention 2.60 1.3–5.6 0.01

Harmon et al.
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rate (p = 0.18), nor did retained foreign body (p = 0.18). Opera-
tive intervention and ICP monitoring were each associated with
infection rate (p < 0.001).

A multivariable logistic regression model was then con-
structed to investigate the adjusted effect of prophylactic antibi-
otic use on the outcome of infection. Adjustment was made by
clinical center as well as the following variables having a p value
below 0.20 in the bivariate analysis: dural penetration, oropha-
ryngeal trajectory, operative intervention, and ICP monitoring.
The adjusted analysis of prophylactic antibiotic use indicated
that it did not impact the rate of secondary infection (p = 0.83;
odds ratio [OR], 0.93; confidence interval [CI], 0.48–1.80).
Overall infection rate was consistent across the 17 institutions
(p = 0.14; OR, 0.95; CI, 0.89–1.02; Table 3). Significantly in-
creased rates of infection were also found in those undergoing
operative intervention and ICP monitor placement. Results did
not change following removal of the covariate for clinical center.

Data on several outcome measures were also collected to
determine their association with infection rate. Mortality was
8% in the INF population and 75% in the non-INF population
(p = 0.06). This suggests that overall mortality is more likely a
result of brain injury or other associated traumatic injuries rather

than infection. Patients with INF cohort had significantly longer
hospitalization (p = 0.001 for both hospital and ICU length of
stay (LOS); Table 4).

Microbes and Antibiotic Choices
In evaluating the 51 patients with INF, the diagnosis of in-

fection was made 74% of the time based on culture data (Table 5).
Cultures were obtained either from cerebrospinal fluid or tissue.
In 26% of cases, clinical diagnosis was not supported by positive
culture data, but rather other clinical findings. These findings in-
cluded new neurological examination findings consistent with
meningitis or ventriculitis, persistent fevers, or leukocytosis
without other source, purulent drainage fromwounds, CSF fluid
laboratories suggestive of infection (e.g., highWBCcount with low
glucose and high protein levels), and computed tomography or
magnetic resonance imaging (e.g., rim enhancing lesion sugges-
tive of abscess or increasing pneumocephalus). Many of these
patients with no growth from CNS cultures also had antibiotics
initiated prior to obtaining culture data, lowering the sensitivity
of the cultures. Of the 74% of patients with infection and culture
data available, 53% of infections were monomicrobial while
21%were polymicrobial. Twenty-six percent of all cultures obtained
had no growth; however, patients had corresponding clinical
symptoms to confirm diagnosis of infection.

Most common microbes were Staphylococcus and Entero-
coccus. Diagnosis of INF most commonly occurred greater than
10 days after injury (63%). Antibiotic utilization varied widely
among institution, though cephalosporins appeared to be the most
widely utilized agent.

DISCUSSION

Early reports of infection following penetrating brain injury
date back to the preantibiotic with infection rate reported to be as
high as 58%.15 Studies looking at infection after penetrating
brain injury in the military population showing rates of infection
ranging from 6.8% to 61.1%.10–13 Military morbidities are often
associated with longer transport times, time in field, and delay to
definitive debridement.8 Historically, higher-velocity injuries
have also been associated with military combat injuries; how-
ever, in recent years, there have been an increase in civilian
high-velocity penetrating brain injuries.8 Jimenez at al.14 cited a
25% infection rate in civilian penetrating gunshot wounds. In
Jimenez et al., all patients underwent operative intervention and
antibiotic administration was variable.

Our study is the first attempt at a national multi-institutional
review of civilian patients with penetrating brain injury. Wewere
very deliberate to only include patients with confirmation of
dural penetration to determine if antibiotic prophylaxis impacted
infection rate. The study cohort included patients managed both
operatively and nonoperatively, those with and without invasive
pressuremonitors, and thosewith andwithout retained fragments.
The rate of infection after penetrating brain injury was 7% and
antibiotic prophylaxis use had no effect on infection rate when
evaluated in both bivariate andmultivariable analyses. This would
suggest that administration of antibiotics for dural penetration
alone does not reduce secondary infection rate.

Patients who underwent operative intervention or had in-
dwelling ICP monitoring did have higher rate of secondary CNS

TABLE 5. Assessment of Infection

N = 51

Diagnosis

Clinical* 13 25%

Culture** 38 75%

Culture data

Monomicrobial 20 53%

Polymicrobial 8 21%

No growth 10 26%

Microbes

Enterococcus 12 43%

Staphylococcus 15 54%

Klebsiella 2 7%

Eikenella 1 4%

Streptococcus 1 4%

Proteus 1 4%

Pseudomonas 1 4%

Cornybacterium 1 4%

Parasilosis 1 4%

Achromobacter 1 4%

Escherichia 1 4%

Diagnosis of infection

1–4 d 4 8%

5–10 d 11 21%

>10 d 32 63%

Unknown 4 8%

Antibiotic choices

Cefalosporin 29 57%

PCN 14 27%

Vancomycin 10 20%

Flagyl 6 12%

*Clinical diagnosis—based on imaging or clinical constellation of symptoms including
meningitis, sinusitis, abscess formation.

**Culture data obtained from cerebrospinal fluid or wound.
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infections when compared with those who did not. This remained
significant when controlled for other variables. There is extensive
literature surrounding the reduction of infection rates in patients
with external ventricular drains, including approaches with pro-
longed prophylactic antibiotics and antibiotic coated ICPmonitors.
The IDSAguidelines recommend systemic prophylactic antibiotics
for up to 24 hours for surgical intervention and ICP monitor place-
ment, but do not specifically address patients with penetrating
brain injury in patients undergoing nonoperative management.18

Historically it was thought that retained foreign body in-
creased infection rate, however it is now widely accepted that
attempted removal of deep fragments cause more tissue damage
and the risk far outweighs the benefit.19 It has become practice
to then use antibiotic prophylaxis empirically in patients with
retained foreign bodies, though Byrnes et al.20 published a series
with over half of their patients having retained foreign bodies
with no subsequent infections.8,21 This was redemonstrated in
Clark et al.21 with a 3% postinjury infection rate in patients with
retained foreign bodies. In all of these cases,20,21 the primary
mechanism of injurywas ballistic wound to the head. In our study,
there was a small number of patients with stab wounds to the
head, hammer or blunt object penetration. Although there did
not appear to be a correlation between mechanism and infection,
the nonballistic injuries constituted only 10% of the population.
Our study showed no association between retained foreign body
and infection rate.

The current study has several strengths, including its mul-
ticenter nature and the large number of patients screened with
penetrating brain injuries. However, our methodology is not
without limitations. This is a retrospective review of outcomes
for patients with penetrating brain injury. Clinical practice was
widely variable among institutions, ranging from no prophylaxis,
single-dose prophylaxis and multiple days of antibiotic prophy-
laxis. Culture practices and diagnosis of infection were also de-
pendent on the individual physician clinical diagnosis at each
institution. Additionally, 63% of all CNS INF were diagnosed
at greater than 10 dayswhile all-cause mortality was greater than
70%. This begs the question, did patients have long enough sur-
vival to acquire a secondary infection. Institutional approach to
transtentorial gunshot wounds may also very with some groups
being more aggressive with surgical intervention while others
consider this a terminal event at the onset. This variation in prac-
tice may have impacted inclusion or exclusion of this patient
population depending on the centers practice. However we
attempted to address this patient population in the exclusion
criteria with the assumption that nonsalvagable transtentorial
GSW would likely not have survival of a minimum of 72 hours.
If patients did have survival more than 72 hours, they would be
treated as the general population.

CONCLUSION

The modern rate of infection after penetrating brain injury
is 7%. There is no reduction in infection with use of prophylactic
antibiotics in penetrating brain injuries not undergoing operative
intervention. Surgical intervention and invasive ICP monitoring
appear to be risk factors for infection regardless of prophylactic
antibiotic use.

AUTHORSHIP

L.A.H., D.J.H., D.M.S. participated in the study conception and design. L.
A.H., J.A.K., D.J.H., S.M.A., D.C., L.L., K.W.C., S.B., J.B., J.L.R., G.S., M.R.N.,
B.N.C., V.A., M.T., J.M., A.G., M.B., N.K., P.M.H., J.T.N., A.G., D.T., V.C., P.L.,
D.K., T.C., J.D., V.P., T.S. participated in the data collection. L.A.H., J.A.K.,
D.J.H. participated in the data analysis. L.A.H., D.A.H., J.A.K. participated
in the interpretation of data. L.A.H., J.A.K., D.J.H., S.M.A., D.C., L.L., K.W.C.,
S.B., J.B., J.L.R., G.S., M.R.N., B.N.C., V.A., M.T., J.M., A.G., M.B., N.K.,
P.M.H., J.T.N., A.G., D.T., V.C., P.L., D.K., T.C., J.D., V.P., T.S., D.M.S. par-
ticipated in the drafting of article and critical revision.

DISCLOSURE

The authors declare no funding or conflicts of interest.

REFERENCES
1. Corrigan JD, Selassie AW, Orman JA. The epidemiology of traumatic brain

injury. J Head Trauma Rehabil. 2010;25(2):72–80.
2. Marin JR,WeaverMD, Yealy DM,Mannix RC. Trends in visits for traumatic

brain injury to emergency departments in the United States. JAMA. 2014;
311(18):1917–1919.

3. Alvis-MirandaHR,MRubiano A, Agrawal A, Rojas A,Moscote-Salazar LR,
Satyarthee GD, Calderon-Miranda WG, Hernandez NE, Zabaleta-Churio N.
Craniocerebral gunshot injuries; a review of the current literature. Bull
Emerg Trauma. 2016;4(2):65–74.

4. Vakil MT, Singh AK. A review of penetrating brain trauma: epidemiology,
pathophysiology, imaging assessment, complications and treatment. Emerg
Radiol. 2017;24(3):301–309.

5. Wyck DWV, Grant GA, Lasowitz DT. Penetrating traumatic brain injury: a
review of current evaluation and management concepts. J Neurol Neurophysiol.
2015;6:336.

6. KimTW, Lee JK,MoonKS,KwakHJ, Joo SP, Kim JH, Kim SH. Penetrating
gunshot injuries to the brain. J Trauma. 2007;62(6):1446–1451.

7. Bertisch H, Krellman JW, Bergquist TF, Dreer LE, Ellois V, Bushnik T.
Characteristics of firearm brain injury survivors in the Traumatic Brain
Injury Model Systems (TBIMS) National Database: a comparison of assault
and self-inflicted injury survivors. Arch Phys Med Rehabil. 2017;98(11):
2288–2294.

8. Bayston R, de LJ, Brown EM, Johnston RA, Lees P, Pople IK. Use of antibi-
otics in penetrating craniocerebral injuries. “infection in neurosurgery”
Working party of British Society for Antimicrobial Chemotherapy. Lancet.
2000;355(9217):1813–1817.

9. Weisbrod AB, Rodriguez C, Bell R, Neal C, Armonda R, Dorlac W,
Schreiber M, Dunne JR. Long-term outcomes of combat casualties sustain-
ing penetrating traumatic brain injury. J Trauma Acute Care Surg. 2012;
73(5):1525–1530.

10. Brandvold B, Levi L, Feinsod M, George ED. Penetrating craniocerebral in-
juries in the Israeli involvement in the Lebanese conflict, 1982-1985. Anal-
ysis of a less aggressive surgical approach. J Neurosurg. 1990;72(1):15–21.

11. Fang R, Markandaya M, Dubose JJ, Cancio LC, Shackelford S,
Blackbourne LH. Early in-theater management of combat-related traumatic
brain injury: a prospective, observational study to identify opportunities for
performance improvement. J Trauma Acute Care Surg. 2015;79(4 suppl 2):
s181–s187.

12. Dubose JJ, Barmparas G, Inaba K, Stein DM, Scalea TM, Cancio LC, Cole J,
Eastridge B, Blackbourne L. Isolated severe traumatic brain injuries
sustained during combat operations: demographics, mortality outcomes,
and lessons to be learned from contrasts to civilian counterparts. J Trauma.
2011;70(1):11–18.

13. Levi L, Borovich B, Guilburd JN, Grushkiewicz I, Lemberger A, Linn S,
Schachter I, Zaaroor M, Braun J, Feinsod M. Wartime neurosurgical experi-
ence in Lebanon, 1982-85. II: closed craniocerebral injuries. Isr J Med Sci.
1990;26(1):555–558.

14. Jimenez CM, Polo J, Espana JA. Risk factors for intracranial infection sec-
ondary to penetrating craniocerebral gunshot wounds in civilian practice.
World Neurosurg. 2013;79(5–6):749–755.

15. Pruitt BA Jr. Antibiotic prophylaxis for penetrating brain injury. J Trauma.
2001;51(Suppl 2):S34–S40.

Harmon et al.
J Trauma Acute Care Surg

Volume 87, Number 1

66 © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



16. Kazim SF, Shamim MS, Tahir MZ, Enam SA, Waheed S. Management of
penetrating brain injury. J Emerg Trauma Shock. 2011;4(3):395–402.

17. Bullock MR, Chesnut R, Ghajar J, Gordon D, Hartl R, Newell D, Servadei F,
Walters BC, Wilberger J. Surgical management of traumatic parenchymal le-
sions. Neurosurgery. 2006;(58):S25–S46.

18. Tunkel AR, Hasbun R, Bhimraj A, Byers K, Kaplan SL, Michael Scheld W,
van de Beek D, Bleck TP, Garton HJ, Zunt JR. 2017 Infectious Diseases So-
ciety of America's clinical practice guidelines for healthcare-associated
ventriculitis and meningitis. Clin Infect Dis. 2017;64(6):e34–e65.

19. Cushing H. Notes on penetrating wounds of the brain. Br Med J. 1918;
1(2982):221–226.

20. Byrnes DP, Crockard HA, Gordon DS, Gleadhill CA. Penetrating cranioce-
rebral missile injuries in the civil disturbances in Northern Ireland. Br J Surg.
1974;61(3):169–176.

21. Clark WC, Muhlbauer MS, Watridge CB, Ray MW. Analysis of 76 civilian
craniocerebral gunshot wounds. J Neurosurg. 1986;65(1):9–14.

EDITORIAL CRITIQUE
Themost consistently lethal form of traumatic brain injury

(TBI) is from a penetrating mechanism. Often, the penetrating
TBI is related to firearms, as was seen in this multicenter

pooled data. Not everyone who reaches a trauma center will
undergo a neurosurgical procedure, but this work identifies
intracranial interventions as the risk factors for infection.
Also, a striking epidemiological feature of this work is that
less than one in ten patients is afflicted with infection after
penetrating TBI. Via this research, the role of prophylactic an-
tibiotics after penetrating TBI remains unclear but perhaps
does not influence intracranial infection. Across societal rec-
ommendations, there appears to be a broad range of recom-
mendations on prophylactic antibiotics after penetrating
TBI, leaving our interdisciplinary neurotrauma teams without
clear clinical directions. Given the unfortunate incidence of
penetrating TBI in the US, further studying and defining the
role (if any) of prophylactic antibiotics could improve the
quality of our neurotrauma care.
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