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Abstract
Purpose of Review This review aims to investigate the pattern
of factors, which contribute to trigger and/or aggravate noso-
comial infections in trauma patients in order to better prevent
and treat such complications in those frail patients.
Recent Findings Trauma-related deaths have a tri-modal dis-
tribution, the third spike is commonly defined as the Blate
deaths^ occurring after days or weeks and is due to sepsis
and multiple organ failure. Hospitalized trauma patients with
at least a single infection have a higher risk of mortality.
Infections lead to a worse functional status and, in elderly
patients, lower scores in social function, vitality, emotional,
and general health. In those patients, the need for health care
services and costs grows. Infection prevention in trauma pa-
tients represents a fundamental factor in improving outcomes.
Every effort in preventing and treating them should be done.
Summary The reduction of unnecessary invasive devices use
and the close monitoring of the patient’s vital parameters are
the cornerstones of prevention and treatment in order to
promptly treat the infection before the progression toward
systemic symptoms and sepsis. The knowledge of both the
risk factors and the potential pathogens may help physicians

in preventing both the nosocomial post-traumatic infections
and the antibiotic overuse, which induces harmful drug resis-
tances by selecting multidrug-resistant micro-organisms.

Keywords Trauma . Nosocomial infections . Surgical
infections . Emergencymedicine

Introduction

It is well established that deaths secondary to trauma have a
tri-modal distribution. The first spike occurs immediately after
trauma because of non-salvageable injuries (i.e., heart or great
vessel injuries). Subsequently, Bearly deaths^ occur over the
first 6 h after trauma and are due to evolving conditions (i.e.,
hemorrhagic injuries or expanding intracranial masses).
Finally, Blate deaths^ occur after days or weeks and are due
to sepsis and multiple organ failure (MOF) [1]. Because tissue
integrity is disrupted and the immune defense system is low,
trauma patients are more likely to develop infections, which
may impact onmorbidity andmortality. Czaja et al. carried out
a multicenter study in the USA collecting data about a total of
4732 trauma patients. The study showed that hospitalized
trauma patients with at least a single infection had a higher
risk of mortality within 1 year after the traumatic event [2].
Firstly, infections led to a worse functional status and, in el-
derly patients, lower scores in social function, vitality, emo-
tional, and general health. Secondly, in those patients, the need
for health care services and costs grows. In fact, statistics state
that a higher probability of repeat hospitalizations and home
health services, besides it was estimated approximately three
more hours of care from family per month. Finally, those
patients were less likely to return to work [3].
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Risk Factors

Risk factors for nosocomial post-traumatic infections (NPIs)
are multiple and related both to the patient features (age, sex,
and comorbidities) and the trauma (anatomical site of the trau-
ma, required procedures, hospital services, and urgency of
admission). The injury severity appears to be the predominant
risk factor NPIs [4]. Therefore, a number of published studies
pointed out significant relationships between the most popular
scoring systems adopted worldwide (ISS, AIS, RTS, NISS,
TRISS) and the incidence of NPIs. Jamulitrat et al. investigat-
ed about a potential relationship between a scoring system for
trauma patients and the incidence of NPIs. After analysis and a
number of scoring systems, such as ISS, NISS, RTS, and
TRISS, they found that the only significant relationship was
between the NISS and the incidence of NPIs [5]. It is well
documented that a poor functional status at the baseline in a
trauma patient may easily result in a longer hospital stay and
increase the risk of developing NPIs. From this perspective, an
advanced age and pre-existing comorbidities may exacerbate
the clinical conditions [6]. Physiological change in elderly
patients entirely affects the body and causes it to becomemore
prone to opportunistic infections [7]. Bochicchio et al. dem-
onstrated that elderly had a higher probability to develop a
NPI over a significantly longer hospital stay compared to the
younger counterparts [8]. Serrano et al. found that obesity
generates an underlying inflammatory condition, which af-
fects the immune defense system and causes it to become
insufficient to adequately react to infections. In the study, pul-
monary and wound infections were substantially more fre-
quent among obese patients and obesity resulted in an inde-
pendent risk factor for NPIs [9]. Some randomized prospec-
tive data suggest that early hyper-glycemia (glucose ≥200 mg/
dL) is related to a higher risk of infection and mortality in
trauma patients regardless of injury features [10].

Gannon et al. evaluated the risk factor in developing noso-
comial pneumonia in trauma patients and highlighted that a
higher incidence of pneumonia occurred in males and patients
with history of cardiac disease, high ISS or RTS, and history
of cancer. The risk of mortality was higher in patients with
nosocomial pneumonia, however no gender-specific differ-
ence in mortality among pneumonia patients [11]. Edelman
et al. added further independent risk factors for NPIs such as
gastric, pancreatic, colonic injuries, and emergency transfu-
sion [12]. A multicenter study, which looked at the anatomical
site of the trauma in 24,711 patients, showed that severe liver
injuries led to a poor prognosis when compared to severe
abdominal trauma patients and control group [13]. As patients
with a liver injury require a massive volume resuscitation,
they are likely to develop severe hemorrhage, infections, sep-
sis, and MOF. Additionally, a report from an American group
investigated the association of NPIs to a significant blood loss
that leads to a generalized hypoperfusion secondary to the

traumatic event. This study found that both the ISS and the
hypoperfusion, if not corrected within 12 h, were indepen-
dently predictive factors of NPIs [14]. Giamberardino et al.
found that trauma patients were more likely to develop a nos-
ocomial infection if they (1) presented injuries inmultiple sites
rather than in the same body area, (2) required mechanical
ventilation for more than 3 days, and (3) required more than
one surgical procedure and more than two invasive devices.
Mortality within the first 5 days had high association with
NPIs [15].

Infections in Trauma Site by Site

Pneumonia

Hospital-acquired pneumonia (HAP) is one of the commonest
NPIs and it is more likely in patients with injuries to the head,
thorax, and abdomen due to changes in the respiratory mech-
anism [16]. Andermahr et al. found that independent factors,
which may increase the incidence of pneumonia in
polytrauma patients, were the advanced age, male gender,
traumatic brain and thorax trauma, and ISS [17]. In elderly,
the risk of developing a pneumonia is significantly higher than
that in the younger counterparts because of pre-existing co-
morbidities such as the chronic obstructive pulmonary disease
(COPD) which causes the lung tissues to become frail and less
flexible [18].

Although several studies attempted to clarify the predispos-
ing factors of HAP, the predominant risk factor appears to be a
prolonged mechanical ventilation and the positive end-
expiratory pressure [19]. Severely ill trauma patients are likely
to be intubated and admitted in intensive care units (ICUs).
Ventilator-associated pneumonia (VAP) is a type of pneumo-
nia, which occurs after 48 h or longer of mechanical ventila-
tion (i.e., endotracheal tube or tracheostomy). It may be cate-
gorized by the timing: the Bearly-onset VAP^ develops within
the first 4 days of hospitalization, whereas the Blate-onset
VAP^ five or more days afterwards. Sadly, the late-onset
VAPs are more commonly associated with multidrug-
resistant (MDR) organisms [20].

Despite the well-established association between mortality
and VAP, which ranges between 9 and 17%, there was no clear
evidence that the risk of increasedmortality because of VAP in
patients with acute respiratory distress syndrome or after a
traumatic event [21•]. In order to determine its impact on
trauma patient outcomes, Magnotti et al. carried out a logic
regression analysis and found that transfusions, advanced age,
and VAP represent independent predictors of mortality [22].

Aspiration pneumonia is another frequent type of NPIs
and physicians have to be able to recognize and treat.
Severely ill trauma patients with head injury or with a
low GCS represent a h igh- r i sk popula t ion for
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macroaspiration. Miller et al. showed that 11.7% of the
severely ill trauma patients enrolled developed a clinical
event of macroaspiration. Despite the incidence of pneu-
monia was similar, those who had a macroaspiration event
required a longer ICU stay with a prolonged mechanical
ventilation [23].

The commonest pathogens, which cause approximately
80% of HAPs, were Staphylococcus aureus (28%),
Pseudomonas aeruginosa (21.8%), Klebsiella species (9.8%),
Escherichia coli (6.9%), Acinetobacter species (6.8%), and
Enterobacter species (6.3%). There is a minor prevalence of
Serratia species, Stenotrophomonas maltophilia, and
community-acquired pathogens (pneumococci and
Haemophilus influenza) [24]. Statistics state that whereas S.
aureus is the commonest pathogen in HAPs, P. aeruginosa
and Acinetobacter baumannii are significantly more frequent
in VAPs. Lastly, the incidence of gram-negative species (espe-
cially Haemophilus species) is more prevalent in VAPs [25].

The current recommendations for empiric therapy for
early-onset VAPs with no risk factors for MDR pathogens
are one of the following antibiotics:

& Ceftriaxone
& Fluoroquinolones
& Ampicillin-sulbactam
& Ertapenem

Risk factors for HAP due to MDR pathogens are as follows:
(1) antibiotics initiated within the preceding 90 days, (2) onset
of pneumonia occurred after 4 days of hospitalization, (3)
known MDR pathogens that are circulating in the community
and/or hospital, and (4) active immunosuppressive disease or
immunosuppressive therapy. Methicillin-resistant S. aureus
(MRSA), MDR P. aeruginosa (carbapenems, fluoro
quinolones, and antipseudomonal penicillins and cephalospo-
rinases resistant), extended-spectrum beta-lactamase (ESBL)-
producing Enterobacter, E. coli, and Klebsiella pneumoniae,
Acinetobacter species, Stenotrophomonas (Pseudomonas)
maltophilia, and Burkholderia cepacia are the commonest
MDR pathogens entailed [26].

For early-onset VAPs with one or more of the aforemen-
tioned risk factors for MDR pathogens or for late-onset VAPs,
the initial antibiotic treatment consist of one of the following:

& Antipseudomonal cephalosporins (e.g., cefepime,
ceftazidime)

& Antipseudomonal carbapenems ( imipenem or
meropenem)

& Beta-lactam/beta-lactamase inhibitors (piperacillin-
tazobactam) with an antipseudomonal fluoroquinolone
(ciprofloxacin) or aminoglycoside plus linezolid or van-
comycin (if risk factors for methicillin-resistant S. aureus
are present)

If Legionella pneumophyla is suspected, the antibiotic
treatment should include a macrolide or fluoroquinolone rath-
er than an aminoglycoside [26].

Urinary Tract Infection

Urinary tract infections (UTIs) are particularly frequent during
the hospitalization, especially in trauma patients, and is often
secondary to the bladder catheter insertion. Sadly, UTIs may
cause the hospital stay to be prolonged and the risk of major
complications and mortality to be increased. Monaghan et al.
found advanced age, gender, high ISS, and indwelling urinary
catheter use to be predictors of UTIs. Interestingly, the devel-
opment of a UTI predicted the risk of in-hospital mortality as a
patient’s age increased [27].

Bochicchio et al. showed that women have a higher risk of
developing a community-acquired infection than males (5 vs.
1%, respectively) and NPIs (23 vs. 15%, respectively), where-
as obesity was predictive of prolonged Foley catheter mainte-
nance, and thus, UTIs. Additionally, age is a substantial risk
factor of developing a community-acquired infection which
leads to a higher mortality rate compared to the younger coun-
terparts (39 vs. 15%, respectively) [28].

In abdominal trauma patients, abdominal pressure mea-
surements may be needed to rule out a potential acute com-
partment syndrome. Duane et al. showed that bladder pressure
measurements with open technique (the bladder catheter re-
quires to be disconnected from the bag at each measurement)
were independent risk factors for UTIs regardless of age and
ISS [29]. Conversely, with a closed system, where the saline is
injected through a two-way valved sideport, the bladder pres-
sure measurement is safe and does not represent a risk factor
for UTIs [30].

E. coli is the commonest pathogen causing UTIs (nearly
80%). Enterobacteriaceae (Klebsiella species, Serratia spe-
cies, Citrobacter species), Enterobacter species, non-
fermenters (P. aeruginosa, gram-positive cocci, including
coagulase-negative staphylococci and Enterococcus species),
and fungi (Candida) are also found. In patients with indwell-
ing bladder catheter, UTIs are usually polymicrobial [31].

Peterson et al. compared empirical therapy with quinolone
antibiotics (levofloxacin 750 mg intravenously or orally once
daily for 5 days vs. ciprofloxacin 400mg intravenously and/or
ciprofloxacin 500 mg orally twice daily for 10 days) to treat
acute pyelonephritis or complicated UTIs. Clinical success
rates and microbiologic eradication were both similar.
Microbiologic eradication in catheterized patients was lower.
Levofloxacin was the antibiotic, which better achieved the
eradication among this group of patients [32].

According to those data, the Infectious Diseases Society of
America recommends 7 days of antimicrobial treatment for
catheterized patients with UTI who have an immediate reso-
lution of symptoms, and 10–14 days of treatment for those
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with a delayed response. A short regime (5 days) on
levofloxacin may be considered in catheterized patients with
a mild UTI [33].

Bloodstream Infections

Bloodstream infections (BSIs) in trauma patients are mainly
due to the prolonged use of central venous catheter. Both
during the prehospital phase and in the emergency depart-
ment, triaging is a key step for the therapeutic pathway in a
trauma patient. Acidosis correction and fluid restoration is
often needed during these first phases. In order to guarantee
an efficient fluid resuscitation and monitor the central venous
pressure, a central venous line is required. Nosocomial BSIs in
severely ill trauma patients are virtually deadly infections,
which may be primary or secondary to other infections [34].
Nosocomial BSI is one of the most frequent infections among
the NPIs and, in trauma patients, its prevalence is even higher
than that among surgical patients in ICUs [3].

The most common pathogens, which cause nosocomial
BSIs are gram-positive cocci (nearly 69%), followed by
gram-negative bacilli (16.3%). Fungi made up 10.9% and
multiple micro-organisms accounted for 3.6% [35]. Niven
et al. documented that nosocomial BSIs in critically ill trauma
patients determined a substantially longer hospital stay and an
increase of hospital expenditure [36].

Infections are more likely to occur in trauma patients
and may easily determine their outcomes. There is a num-
ber of risk factors, which may increase the probability of
infection in trauma patients. Firstly, trauma patients are
often frail and feeble patients who came from a significant
Bfirst hit^ (trauma) which requires a good physiological
reserve. The rational is due to the loss of integrity of
physiological barriers secondary both to the traumatic
event and invasive devices (such as central venous cathe-
ter, blood catheter, and thoracic drain) and to the immu-
nosuppression, which may occur as reaction to the trauma
[37•]. They are both risk factors of developing an infec-
tion. Additionally, those patients are usually hospitalized
for longer than patients who are admitted for elective pro-
cedures and are usually due to massive transfusions. El-
Masri et al. found that trauma patients, who received ten
or more units of blood, were five times more likely to
develop a nosocomial BSI [35]. It may be postulated that
massive transfusions are usually secondary to great loss of
blood and thus, immunoglobulins. Lastly, the trauma in-
duces a protein catabolism. This change in association
with an important total parental nutrition may determine
hyperglycemia, which is a predisposing factor for infec-
tions. Therefore, a continuous glycemic monitoring with a
consequent appropriate insulin therapy is advised, so too
is calculating carefully the calories for day in order not to
overfeed the patient [38].

Surgical Site Infections

Surgical site infections (SSIs) are defined as infections affect-
ing either the incision or the deep tissue and may occur up to
30 days after surgery or up to 1 year in patients who receive
implants. SSI is the most frequently reported surgical compli-
cation and accounts for 16% of all the nosocomial infections
[39].

Surgery is usually needed in trauma patients and may con-
sist of a cluster of surgical techniques performed by orthope-
dics, general surgeons, plastic surgeons, and urologists.
Occasionally, more than two surgical specialties may co-
work during the same operation to optimize the timing and
the patient outcome. Polytrauma patients have multiple ana-
tomical sites involved in the trauma and multiple surgical
wounds are necessary. Moreover, different surgical specialties
require different approaches according to the lesion site and
grade and to the surgical team expertise [40••]. Lastly, after
surgery, trauma patients often require to be closely monitored
in ICUs where MDR pathogens are highly selected [41].

Morales et al. found that the presence of hemodynamic
shock, the number of affected organs, unconsciousness,
Acute Physiology and Chronic Health Evaluation
(APACHE II), ISS or TRISS, prolonged mechanical ven-
tilation, use of prophylactic antibiotics, central venous
catheters, spinal cord injury, multiple transfusions, several
surgical procedures, systemic inflammatory response syn-
drome are all risk factors for SSIs in trauma patients [42].
Additionally, Seamon et al. showed that the acidosis sta-
tus and hypothermia intraoperatively (less than 35 °C)
induced an increased SSI risk [43]. Richards et al. pointed
out that hyperglycemia as an independent risk factor for
SSI in no diabetic patients [44].

Interestingly, Herruzo-Cabrera et al. highlighted further
risk factors for SSIs such as contaminated surgery, inadequate
chemoprophylaxis, and a pre-surgical stay >4 days.
According to these study results, pre-surgical stay and peri-
surgical chemoprophylaxis optimization may significantly de-
crease SSIs [45].

Pathogens causing SSIs depend on the patient and surgery
features. S. aureus, coagulase-negative staphylococci,
Enterococcus spp., and E. coli are the more commonly
micro-organisms isolated. Though, as previously mentioned,
a number of patient-related and procedure-related factors,
which influence the SSI risk, were documented. A systematic
attention to multiple risk factors as to optimize prevention
should be obtained in each patient. Obviously, because of such
a great number of risk factors, prevention should be tailored in
order to decrease bacterial contamination and improve the
patient’s defenses. The Centers for Disease Control and
Prevention guidelines for the prevention of SSIs yield that a
good patient preparation, an aseptic practice, and the attention
to surgical technique are crucial [46].
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Intra-Abdominal Infections

Intra-abdominal infections are frequent in abdominal penetrat-
ing trauma because the abdominal wall is disrupted and occa-
sionally the hollow organs (e.g., stomach and intestine) are
perforated. The first findingmay be clinical signs of peritonitis
or a clear evisceration, which requires emergency surgery.
Conversely, in blunt abdominal trauma, the injury of hollow
organs is unusual, though these trauma may determine the
outbreak of those organs. Additionally, the splanchnic circu-
lation may be damaged because of tearing in the context of the
mesentery and a consequent ischemic insult to abdominal or-
gans may develop over the next 24–48 h [47]. In trauma pa-
tients with a positive ECO-fast for abdominal free fluid, either
a damage of the splanchnic circulation or a splenic lesion
should be suspected and investigated with an emergency
laparotomy.

As the abdominal hollow organ perforation secondary to
blunt trauma is uncommon (approximately 0.3%) and usually
has a late onset and vague symptoms, the diagnosis may be
challenging. Watts et al. found that the most frequently in-
volved hollow organs were the small bowel followed by the
colon, the duodenum, and finally, the stomach [48]. Williams
et al. showed the difficulty to determine the anatomical site of
the perforation despite the use of multiple imaging modalities.
In the vast majority of those patients, the anatomical site of the
perforation is highlighted once the patient undergoes the
emergency laparotomy [49].

A delayed diagnosis may be crucial for the patient out-
come. Interestingly, Malinoski et al. documented that a delay
of surgery >5 h from the admission is a preponderant prog-
nostic factor and deaths were usually associated to abdominal-
related sepsis. Further prognostic factors are the advanced age,
the Abdominal Abbreviated Injury Score, and the presence of
a significant extra-abdominal injury [50].

As intra-abdominal infections are associated with a
high morbidity and mortality rate, a prompt recognition
of risk factors and a proper evaluation of the patient and
trauma should be performed to prevent as much as possi-
ble any infection source. Once the infection source is
identified, it should be treated before the patient might
manifest systemic symptoms. Those patients may require
a surgical treatment in addition to antibiotic therapy. A
close monitoring of the patient’s vital parameters and in-
fection evolution is essential to prevent a systemic insta-
bility. At this stage, the patient still has physiological re-
verse to undergo a surgical procedure in order to eradicate
the infection source whether it was not possible to remove
it earlier [51].

The treatment choice, which may be either surgical or
conservative, depends on the anatomical infection source,
the peritoneal inflammation degree, the septic response,
and the physiological reserve. Antimicrobial therapy has

a key role, especially in severely ill trauma patients be-
cause it should be offered early on, when the patient man-
ifests the first infection symptoms. However, the micro-
organism causing the infection is rarely isolated at this
stage and the antibiotic therapy to deliver is empirical.
The decision of antimicrobial therapy depends on three
factors:

& Presumed pathogens involved and risk factors for major
resistance patterns

& Clinical patient’s severity
& Presumed/identified source of infection.

More commonly, the pathogens involved in community-
acquired intra-abdominal infections are Enterobacteriaceae,
Streptococcus spp., and anaerobes (especially Bacteroides
fragilis). Conversely, nosocomial intra-abdominal infections
are due to a broader spectrum of micro-organisms such as
Enterobacteriaceae, Streptococcus spp., and anaerobes, but
also Enterococcus spp. and Candida spp. [52•].

Conclusion

Infections in trauma patients are more common than in surgi-
cal patients because after the trauma (first hit), the natural
barriers (e.g., skin muscles and bones) are disrupted and the
physiological reserve has decreased. Additionally, invasive
devices (e.g., central venous catheter, thorax drains) represent
a vehicle for nosocomial micro-organisms. Lastly, those pa-
tients are more likely to require an intermediate period in ICU
and longer hospitalizations than surgical patients. Considering
all these factors, NPIs still represent a life-threating condition
for trauma patients whether they are not promptly recognized
and treated. As to reduce the infection rate, physicians should
attempt to achieve two goals: (1) decrease the use of invasive
devices when unnecessary and (2) monitoring closely the pa-
tient parameters in order to promptly treat the infection before
systemic symptoms and sepsis. The knowledge of the risk
factors and the potential pathogens may help physicians to
prevent NPIs and decrease the antibiotic overuse, which in-
duces harmful drug resistances and selects MDR micro-
organisms.
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