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Abstract

When the clinical decision to treat a critically ill patient with antibiotics has been made, one must

attempt to identify the site of infection based on clinical signs and symptoms, laboratory or

diagnostic radiology studies. Identification of site requires, examination of patient, inspection of

all wounds, chest radiograph, and calculation of clinical pulmonary infection score if ventilated,

obtaining blood cultures, urinalysis, and line change if clinical suspicion of central venous catheter

(CVC) source. If it is impossible to identify site, obtain cultures from all accessible suspected sites

and initiate empiric, broad spectrum antibiotics. If likely site can be identified answer these

questions: Is intra-abdominal site suspected? Is pulmonary source of infection suspected? Is skin,

skin structure or soft tissue site suspected? If yes, does the patient have clinical signs suspicion for

necrotizing soft tissue infection (NSTI)? Is a CVC infection suspected? Risk factors for more

complicated infections are discussed and specific antibiotic recommendations are provided for

each type and severity of clinical infection. Decision to continue, discontinue and/or alter

antibiotic/antimicrobial treatment should be based on the clinical response to treatment, diagnostic

or interventional findings, and culture and sensitivity data, bearing in mind that not all patients

with infections will have positive cultures because of limitations of specimen handling,

microbiology laboratory variations, time between specimen acquisition and culture, or presence of

effective antibiotics at the time that specimens were obtained. It should also be noted that not all
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patients with increased temperature/WBC have an infection. Discontinuation of antibiotics is

appropriate if cultures and other diagnostic studies are negative.
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The goal of this clinical standard operating procedure (SOP) is to provide practical guidance

with respect to appropriate choices of antibiotics in severely injured, critically ill patients.

Even among seasoned surgical intensivists there are widely discordant views on selection of

optimal antibiotics.1,2 This SOP is intended to assist clinicians making empiric antibiotic

choices in critically ill patients after the initial resuscitation phase. This guideline should

minimize the risk of both inadequate antimicrobial coverage and excessive, broad spectrum

antibiotic administration. Excessively broad and/or prolonged antibiotics use has been

associated with development of resistant pathogens.3 The primary factors governing

antibiotic choice include the location/source of presumed infection (i.e., anatomic site or

region), the duration of hospitalization (therefore likelihood of hospital acquired or resistant

bacterial pathogens), and local antimicrobial resistant patterns (local “antibiogram”).

Numerous studies have documented increasing prevalence of antimicrobial-resistant

organisms4,5 within the hospitals, but these pathogens are also increasingly common “in the

community.”6–8 The increasing frequency of antimicrobial resistance underscores the need

to obtain culture specimens, ideally before initiation of any antimicrobials, whenever

possible. Culture information will permit appropriate de-escalation of initial, frequently

broad empiric therapy.

It is essential to recognize that antimicrobial agents cannot substitute for optimal clinical

care. In the case of patients with severe injuries, infectious complications may indicate

failure of initial operative source control9,10 or the onset of a postoperative

complication.11,12 Although antibiotics are important adjuncts in caring for critically injured

patients, surgeons caring for these patients must remain cognizant of the underlying

posttraumatic pathophysiology and use appropriate diagnostic, interventional, and operative

therapies. We appreciate that increasingly restrictive hospital formularies may necessitate

use of equally efficacious alternative agents/classes. This SOP is based on (1) Fundamental

principles of likely organism at specific sites. (2) Evidence-based guideline support of the

recommended agents. (3) Current usage patterns of antibiotics. (4) Probable availability of

the proposed agents. Clinicians must temper these suggestions with specific knowledge of

bacterial pathogen isolation and antimicrobial susceptibility patterns in their institutions,

along with patient-specific information (e.g., allergies).

PROTOCOL RATIONALE

The objective of this SOP is to provide recommendations to guide selection and

administration of antibiotics/antimicrobials to patients who have sustained severe injury.

Fortunately, there is a moderate amount of Level I evidence that pertains to antimicrobial

choices for critically ill patients in general and a lesser amount of information that directly
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relates to trauma patients. Unfortunately, one problem with this plethora of information is

the absence of practical guidance and recommendations to inform daily decision-making in

the ICU. The guideline is constructed to classify infections into the broad classes that have

been the subject of numerous prospective, randomized clinical trials. These primary classes

are; intra-abdominal infection (IAI), several different types of pneumonia (ventilator

associated pneumonia {VAP}, hospital acquired pneumonia {HAP}, health care associated

pneumonia {HCAP}, and community acquired pneumonia {CAP}), skin and skin structure

infections (SSSI, encompassing a broad range of infections-cellulitis to necrotizing fasciitis),

and finally central venous catheter infections (CVCI).

This SOP focuses primarily on antimicrobial choices and specifically does not address the

treatment of severe sepsis, controversial aspects of these treatments, or the role of adjunctive

care modalities in patients with severe sepsis/septic shock. This issue has been addressed via

the evidence-based efforts of the Surviving Sepsis Campaign13 and many of these

recommendations have previously been incorporated into other Trauma SOPs published in

the Journal of Trauma.14 The guideline also deemphasizes urinary tract infections, because

virtually all critically ill trauma patients will require indwelling urinary drainage catheters

and therefore the utility of urinary cultures and/or the significance of identification of

pathogens in the urine is problematic. This SOP was developed and vetted by expert

consensus to balance the potential detrimental effects of excessively broad or prolonged

antimicrobial administration with the recognition that mortality is increased if the wrong

initial empiric choices are made.3,15

CLINICAL DECISION TO TREAT WITH ANTIBIOTICS

The clinical decision-making process regarding whether a given patient needs to have

antibiotics or other antimicrobials initiated, continued, altered, or stopped is one of the most

frequent questions that arises in most ICUs. This question is particularly difficult to answer

with certainty in many critically injured patients because the injuries alone can result in the

systemic inflammatory response syndrome (SIRS).16–18 Furthermore, infectious

complications are common in all ICU patients and especially common in patients with

severe injuries. Trauma permits inoculation of bacteria into normally sterile sites, postinjury

shock results in well-described systemic defects in host immunity, thereby increasing

susceptibility to infection, and the need for PRBC transfusion has been associated with an

increased risk of infections. It is often best to have a “high index of suspicion” for possible

infectious complications in patients with new or persistent fevers, elevated WBC, or other

signs or symptoms of infection.19,20 Such changes should prompt a rapid, thorough search

for a possible source of infection, based on physical examination, laboratory findings,

operative findings, central line status, and diagnostic radiology studies. Whenever possible

culture specimens from suspected sites of infection should be obtained before initiation of

antimicrobial agents, to minimize the risk of false-negative culture results,21 but in some

instances (e.g., suspected intra-abdominal GI perforation) it may not be practical to delay

antibiotic administration until after cultures can be obtained (in this case obtained at the time

of laparotomy).
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IDENTIFICATION OF SITE OF INFECTION

The first question that caregivers should be asking themselves when the decision to initiate

antibiotic/antimicrobial therapy has been made is whether the site of likely infection can be

identified? Frequently, the site of infection is readily apparent based on clinical signs and

symptoms. Examples might include the new onset of peritonitis (likely IAI) or the

development of discoloration, blistering and bullae in an extremity (severe SSSI). In other

cases, the identification of the site may not be quite so obvious, but a high level of suspicion

may be present based on the low likelihood of other sites (e.g., probable VAP in a patient

who has been on mechanical ventilation for 10 days who now has a new infiltrate and thick,

copious sputum). When a likely site can be identified, this information can be used to help

inform the decision-making process, as described in the proposed algorithm (Fig. 1). It is

critical that every wound be examined; plaster casts, or extensive dressings must be removed

to permit full evaluation of all potential sources of infection. However, despite diligent

diagnostic efforts, it is not infrequently the case that no such determination can be made

initially. In such cases the evidence favors initiation of empiric broad spectrum

antimicrobials directed against hospital acquired gram-positive and gram-negative aerobic

and anaerobic pathogens. Appropriate empiric broad spectrum coverage generally requires

combination antimicrobial therapy.22 Widely used empiric choices include, but are not

limited to, piperacillin/tazobactam plus vancomycin, imipenem or meropenem plus

vancomycin, or the combination of cefipime plus vancomycin plus metronidazole. In a

penicillin/cephalosporin allergic patient an aminoglycoside or aztreonam (no anaerobic

coverage with either) could be substituted to provide coverage of gram-negative aerobes.

There is currently insufficient data to recommend empiric initial therapy with

moxifloxacin23 or tigecycline,24 but these agents may also provide adequate coverage for

aerobic and anaerobic pathogens in penicillin/cephalosporin allergic patients. Once culture

and sensitivity information becomes available antimicrobial therapy can be appropriately

adjusted.

INTRA-ABDOMINAL INFECTION

Antibiotic choices for IAIs are based upon the likely pathogens responsible for these

infections. With the exception of some cases of primary spontaneous bacterial peritonitis,

generally seen only in patients with advanced cirrhosis or patients undergoing chronic

peritoneal dialysis, all other IAIs are polymicrobial. When investigational laboratory

microbiologic culture methods are used an average of 3 to 5 aerobic species and 5 to 9

anearobic bacterial species are identified. Using the specimen processing and microbiology

techniques available in most hospitals it is more typical for 1 to 2 aerobic and at most a

single anaerobic organism to be identified. Nonetheless, the importance of obtaining

intraoperative (procedural) microbiologic specimens has recently assumed more importance

because of the increasing frequency of antibiotic-resistant bacterial isolates.

Intra-abdominal infections can best be understood in terms of the respective, frequently

synergistic, contributions of the aerobic and anaerobic gram-negative pathogens present

within the gut, that are released into the peritoneal cavity during secondary (and even

“tertiary”) peritonitis. Prototypically Escherichia coli is representative of the aerobic gram-
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negative Enterobacteriaceae and B. fragilis sp. are indicative of the gram-negative anaerobes

present in the gut. Experimental model systems have clarified that the gram-negative

aerobes are associated with systemic bacteremia and lethality, whereas cell surface

components of gram-negative anaerobes are associated with development of abscesses.25

Antimicrobial agents or combinations that fail to target both types of organisms have much

lower clinical cure rates than therapy that covers both classes of bacteria.

It is particularly important for surgeons to recognize that antibiotics alone are seldom

sufficient to eradicate IAIs. Surgical source control (drainage, resection, patching, repair,

etc.) of the underlying pathological findings responsible for the IAI, must be addressed.10 In

many instances empiric antibiotics choices must be made before the surgical intervention

and the fact that patients have circulating systemic antibiotics at the time that specimens

may be obtained further decreases the yield of those cultures. When infection is encountered

during the surgical intervention, it is a basic precept that broad coverage (targeting aerobic

and anaerobic gram-negative bacteria) should be continued, even if cultures return

“negative.” However, if the cultures identify unsuspected organisms, or bacteria that are

resistant to the empiric antibiotics chosen, then it is reasonable to appropriately adjust the

antimicrobial coverage.26

IAI Empiric Choices

Evidence-based guidelines regarding antibiotic choices in IAI have been published by the

Surgical Infection Society (SIS) in 200227 and by the Infectious Disease Society of America

(IDSA) in 2003.28 The antibiotic choices shown in Figure 1 represent tangible, appropriate

choices based on those guidelines. These two organizations are currently jointly updating

these guidelines to incorporate changes in flora and the availability of newer antimicrobial

agents. Both guidelines stratified IAI depending upon whether the infections were lower-risk

(SIS), community-acquired (IDSA) or higher-risk (SIS), nosocomial/hospital associated

(IDSA). This stratification recognized that the pathogenic organisms responsible, as well as

their sensitivity to antimicrobial agents, would differ markedly within these strata. The SOP

follows this stratification scheme with different antibiotics depending upon whether IAI are

severe. Antibiotic recommendations for uncomplicated infections reflect the lower

likelihood of resistant organisms and/or the absence of comorbidities. More complicated

infections should be treated initially with broad-spectrum agents, possibly with the addition

of an antifungal agent as well. If there is persistent evidence of infection after 5 to 7 days of

therapy appropriate diagnostic investigation is warranted, with investigation for potential

other sites of infection.

PULMONARY INFECTION (VAP, HAP, HCAP, AND CAP)

If IAI is considered clinically unlikely the next important cause to consider is the possibility

of a pulmonary source. Pulmonary infection should always be entertained in surgery patients

generally, but particularly in critically ill surgical patients requiring mechanical ventilation

or others in the ICU.14,29 The nomenclature of pulmonary infections sometimes reads a bit

like an “alphabet soup,” but this taxonomy again recognizes important differences in

etiologic pathogens and thereby aids in determining optimal empiric antimicrobial therapy.
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Surgeons will encounter ventilator-associated pneumonia (VAP) or hospital acquired

pneumonia (HAP) most frequently. The other two common abbreviations, CAP and HCAP,

refer to community-acquired pneumonia and health care associated pneumonia, respectively.

In contrast to IAI, most pulmonary infections are monomicrobial. Therefore, an important

aspect of diagnosis and treatment is to reliably analyze three things: (1) Does the patient

have pneumonia? (2) What organism (rarely more than one) is responsible? (3) Is the

organism causing the pneumonia susceptible to the antimicrobial agents being given?

Recommendations of empiric antibiotics for suspected pneumonia reflect the experiences

with the various types of pneumonia. In terms of trauma and surgical patients in the hospital

or ICU setting, it is important to recognize that a number of conditions can cause fever,

leukocytosis, and pulmonary infiltrates in addition to pneumonia. For example, hormonal

and stress responses to surgical interventions typically cause elevations of WBC for several

days postoperatively in the absence of infection. Atelectasis is a very frequent cause of low-

grade postoperative fever and may also cause chest radiographic changes that can be

difficult to distinguish from pneumonic infiltrates. Several clinical scoring systems, such as

the clinical pulmonary infection score (CPIS) have been developed to assist clinicians with

identification of patients in whom SIRS criteria are likely to be due to pneumonia.30 We

have previously published a trauma SOP14 that addresses this conundrum and encourages

use of “invasive” diagnostic techniques (e.g., bronchoscopic or non-bronchoscopic

bronchoalveolar lavage with quantitative microbiology) to help to distinguish endotracheal

colonization from infection. Patients with severe injuries are at higher risk for more complex

pulmonary or extrapulmonary chest infections and hemothoraces. Thus failure to improve

within 72 hours of initiation of antimicrobial therapy should prompt CT imaging of the chest

to exclude complications that require definitive source control in conjunction with

antimicrobial therapy.

VAP/HAP Empiric Choices

Both gram-positive (especially Staphylococcus aureus and Streptococci) and gram-negative

aerobic (Enterobacteriaceae, including Pseudomonas sp. and Acinetobacter sp.) bacteria are

responsible for VAP and HAP. Anaerobic organisms are rarely primary pathogens, although

this should not be surprising in light of the generally high PAO2 within the lung. Overall

there is nearly an even split between gram-positive and gram-negative organisms, so empiric

therapy needs to be directed against both classes of organisms until culture data are available

to permit informed de-escalation of treatment. The attributable mortality form pneumonia is

on the order of 20% and numerous studies have demonstrated that mortality is significantly

higher if the initial antimicrobial therapy does not target the pathogen.15,30,31 Thus, current,

evidence-based recommendations emphasize initial broad empiric choices based upon

knowledge of the institutional or community resistance patterns, with equally aggressive de-

escalation and elimination of unnecessary antibiotics based on culture (ideally quantitative)

information when available. The SOP divides the timeframe after admission for

development of pneumonia into early (≤ 4 days) and late (>4 days). Early infections can

generally be treated with single agents, as shown in Figure 1. Late infections, which reflect

the epidemiology of hospital acquired pulmonary infections, require empiric coverage of

both gram-positive and gram-negative bacteria and takes into account the high likelihood of
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antibiotic resistance encountered with these pathogens. It is possible to treat patients

aggressively for the “worst case scenario” and still be a responsible steward of antibiotic

sensitivity if these principles are followed.

Several other clinical questions frequently arise in terms of treating documented pulmonary

infections. First, since Pseudomonas is a frequent isolate and may be resistant to some

treatments, should “combination-therapy” (i.e., two antimicrobial agents with activity

against Pseudomonas aeruginosa) be routinely employed? The consensus of the expert

panel and the ATS-ACCP report was that combination therapy should be limited to patients

likely to be infected with multidrug resistant pathogens.32 This recommendation must be

tempered with clinical knowledge of antibiotic sensitivity patterns in the surgeon’s ICU, as

well as recognition of available formulary choices, patient allergies, etc. In most cases,

appropriate empiric therapy (with a single agent) likely to be active against Pseudomonal

isolates from the institution should be sufficient. A second question that often arises is what

duration of antibiotic treatment is needed? For example, is 7–8 days of treatment sufficient

for VAP/HAP, or do patients require 14–15 days? This question is equally relevant to all

surgical infections, but studies have shown equivalent responses with either 8 days or 15

days of treatment,33 so our recommendation is that for most patients 7 to 8 days of

antibiotics is sufficient, although studies are ongoing to analyze whether even shorter

durations of treatment are adequate. Finally, there is ongoing controversy regarding the

appropriate antibiotic for empiric coverage of gram-positive organisms. Historically,

vancomycin has been considered the agent of choice for VAP/HAP, but recent data suggests

that other agents (for example, linezolid) may have better clinical outcomes than

vancomycin.34 In addition, some institutions have witnessed more frequent pulmonary

infections because of VRE.35,36 At the present time, empiric coverage with either

vancomycin or linezolid is considered appropriate.

SKIN, SKIN STRUCTURE, OR SOFT TISSUE INFECTION

“Occult” skin and skin structure infections (SSSI) are rare in most clinical circumstances.

Identification of such infections is partly a matter of elimination, but unfortunately the worst

types of SSSI may not be obvious on physical examination. It can be difficult to appreciate

the extent or depth of many SSSI and complicated SSSI often require aggressive surgical

debridement. There should be a very high level of suspicion for severe SSSI if patients have

high WBC, pain “out of proportion to examination,” or skin changes such as bullae or

blisters. Complicated SSSI are differentiated from “simple” infections by virtue of the fact

that they require a surgical intervention. Although antibiotics are important adjuncts to

management, the cornerstone of treatment for complicated SSSI is early, aggressive,

definitive surgical debridement.

SSSI Empiric Choices

Empiric antimicrobial choices for these infections are based upon the most likely

pathogens.6,37,38 Figure 1 shows an approach that stratifies SSSI into uncomplicated and

necrotizing soft tissue infections (NSTI) (including myonecrosis, necrotizing fasciitis, etc.).

Uncomplicated SSSI are typically caused by aerobic gram-positive organisms (frequently

gram-negative in diabetic patients), whereas the most common pathogens associated with
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severe SSSI include: Streptococcus species, Staphylococcal species, polymicrobial

synergistic infections with gram-negative Enterobacteriaceae along with anaerobic species,

and finally Clostridium perfringens. Gram’s stain of purulent material often provides

important information regarding the microbiology of these infections. For example, a

Gram’s stain showing large gram-positive rods would be highly suggestive of C. perfringens

infection, the presence of gram-positive cocci would suggest either a Staph. or Strep.

infection, and mixed flora would be seen with a mixed infection. In each case, the Gram’s

stain could assist in refining antibiotic choices early. Empiric therapy needs to cover gram-

positive and gram-negative aerobes, along with the most feared gram-positive anaerobic

organisms, C. perfringens. Appropriate antibiotic recommendations for uncomplicated and

complicated/severe infections are summarized in Figure 1. Vancomycin or linezolid are

reasonable empiric choices to cover the gram-positive pathogens (including MRSA) and

piperacillin-tazobactam (or aztreonam in penicillin allergic patients) is a good choice to

cover gram-negative aerobes and anaerobes. An important consideration with many SSSI is

the contribution of bacterial toxins to the pathogenesis of clinical illness. For this reason, a

protein synthesis inhibitor such as linezolid or high dose clindamycin may also be included.

If an SSSI infection arises in the hospital or if the patients present from an “outside” health

care facility, it is much more likely that resistant pathogens are present.

PRESUMED CENTRAL VENOUS CATHETER INFECTION

The algorithm appropriately suggests that clinicians consider abdominal, pulmonary, and

skin sources before entertaining a diagnosis of intravenous catheter (typically central venous

catheters, CVC) infections. The criteria promulgated by the CDC emphasize that CVC

infections (CVCI) are frequently a diagnosis of exclusion, although CVC are the most

frequent cause of positive blood cultures in the ICU. It is axiomatic that critically ill patients

all have indwelling invasive lines. In the setting of possible infection, it is important to

carefully inspect all intravenous catheters for local signs of infection (i.e., erythema,

purulence). However, absence of external signs of a central line infection does not exclude

contamination of the intravascular portion of the catheter. If signs are present, the catheters

should be removed and the catheter tip and/or subcutaneous segment sent for

semiquantitative culture.39 Arterial lines, with the possible exception of those in the groin,

are an infrequent site of CVCI. In many instances indwelling CVCs suspected of possibly

being infected will be exchanged over a guide-wire (using full barrier precautions, see

below) and the tip sent for semiquantitative culture. Growth of greater than 15 cfu/cm of

catheter length is consistent with infection. Catheter tips should not simply be inoculated

into broth culture, since this will result in identification of a high number of false positives.

Gram-positive bacteria, most commonly coagulase negative Staphylococci, and fungi,

particularly Candida species, are the most likely pathogens associated with CVCI. Isolation

of the same organism from the catheter tip and the bloodstream is definitive proof of CVCI.

If a culture-positive, infected catheter had been exchanged over a guidewire most clinicians

would remove the offending catheter and perform a new insertion, preferably with a

catheter-free interval, if possible. Appropriate empiric choices to cover possible CVCI

include vancomycin or linezolid. De-escalation and/or tailoring of antimicrobial therapy

may be performed once culture results are available. Addition of an antifungal agent, such as
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fluconazole, would be appropriate while awaiting culture results in patients who have

received prior systemic antibiotics, prolonged hospitalization, or if immunosuppressed.

It has become clear that relatively simple methods will dramatically reduce the incidence of

CVCI in ICU patients.40 Use of sterile technique with full barrier precautions (i.e., gloves,

gown, cap, mask, full body drape, etc.) significantly reduced the incidence of CVCI. In

addition, antibiotic/antimicrobial impregnated CVC, although more expensive, have been

shown to decrease infection rate. Finally, elimination of CVC whenever possible (in many

cases using PICC lines or the equivalent as an alternative) reduce the incidence of CVCI in

the ICU.39

ASSESSING RESPONSE TO THERAPY, INTERPRETING CULTURE

RESULTS, DURATION OF THERAPY

Culture specimens should be obtained from all possibly infected sites whenever possible.

The algorithm and current clinical practices emphasize initial broad spectrum coverage to

insure that the worst likely pathogens are addressed from the outset. Gram’s stain of initial

specimens can be very helpful in terms of identifying the presence of infection and the type

of organisms present. Numerous studies attest to the fact that mortality and morbidity are

decreased when appropriate antibiotics are chosen initially. However, it is critically

important to assess the clinical response of the patient to this initial treatment and to

appropriately adjust antimicrobial therapy in light of any culture results (both positive and

negative results). If the patient has/had an infection at the time antimicrobials were initiated,

it is reasonable to expect that there will be a demonstrable clinical response within 48 to 72

hours. When ICU “bad bugs” (e.g., MRSA, Acinetobacter, etc.) are associated with clinical

infection, it is very unusual to have negative cultures at 48 to 72 hours. The absence of

clinical improvement in vital signs, chemistry, WBC, etc. raises the possibility that a

noninfectious cause is responsible. When lack of clinical improvement on antibiotics is also

associated with negative cultures, strong consideration should be given to stopping

antibiotics.

Alternatively, other patients may have a dramatic clinical response, but all cultures return

negative. Under such circumstances, it would be reasonable to continue antibiotics,

recognizing the vagaries of clinical microbiology laboratories and the frequent situation

wherein cultures were obtained after antibiotics had been started (for example, operative

culture specimens). Hopefully, the majority of patients with suspected infection will have

one or more positive cultures from the infected site. When possible, antimicrobial therapy

should be tailored to cover the species identified with the most targeted, least toxic, least

expensive antimicrobial agent. Not infrequently, resistant organisms or organisms that were

not covered by the initial broad empiric therapy will be identified. In these cases, alternative

or additional agents may be needed to optimize treatment.
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INFECTIONS AT OTHER SITES, FUNGAL INFECTIONS, ANTIBIOTIC

ASSOCIATED DIARRHEA

Depending upon the cause of the traumatic injury other sites and organ systems should also

be considered. For example, empyema is common after chest trauma, especially if

hemothorax is incompletely evacuated. Urinary tract infections (UTIs) are frequent in ICU

patients and quantitative culture of urine from indwelling catheters should be performed if

infection is suspected. Because most antibiotics discussed above are at least partially

eliminated by the kidney and antibiotic concentrations are very high in urine, most UTIs will

be treated with the regimens used for other sites. Central nervous system (CNS) infections

can occur with prolonged ICP monitoring, as well as with facial or head injuries. Such

infections are beyond the scope of this SOP, but can be particularly problematic because

many antimicrobial agents do not cross the blood-brain barrier.

Exposure to antibiotics and the immunosuppressive effects of injury and transfusion

predispose the ICU patient population to a high risk of superinfection with fungal

organisms, Clostridium difficile associated diarrhea (CDAD), and vancomycin-resistant

Enterococci (VRE). Most trauma patients requiring more than a 48 hours ICU stay are at

increased risk for fungal colonization (most often C. albicans)41 and consideration should be

given to empiric antifungal prophylaxis/treatment with fluconazole.42 Over-use of anti-

fungal agents has resulted in the increasingly frequent identification of nonalbicans Candida

sp., along with other more serious fungal pathogens, such as Aspergillus sp.43 Watery

diarrhea is the clinical hallmark of C. difficile-associated diarrhea, although significant

disease may be present without diarrhea. C. difficile is generally treated with intravenous

metronidazole (same luminal drug levels with oral or intravenous treatment) or oral/rectal

vancomycin.44 C. difficile is rare in the absence of prior antibiotic exposure, but should be

considered in all hospitalized patients (it is becoming endemic in health care facilities) or in

any patient with prior exposure to any antibiotic, even a single dose.

SOP SUMMARY

Identify the critically ill patient in whom clinical decision to treat with antibiotics has been

made. If possible, identify the likely site of infection. If it is impossible to identify site,

obtain cultures from all accessible suspected sites and initiate empiric, broad-spectrum

antibiotics. If likely site can be identified follow guideline questions: Is intra-abdominal,

pulmonary, skin structure or soft tissue site suspected, or is the clinical suspicion that the

patient has central venous catheter infection? Acceptable empiric suggestions for likely

pathogens associated with infections at each location are provided. All decisions to continue,

discontinue, and/or alter antibiotic/antimicrobial treatment should be based on the clinical

response to treatment, diagnostic or interventional findings, and culture and sensitivity data.

Bear in mind that not all patients with infections will have positive cultures because of

limitations of specimen handling, microbiology laboratory variations, time between

specimen acquisition and culture, or presence of effective antibiotics at the time that

specimens were obtained. Conversely, not all patients with a fever and leukocytosis harbor

an infection.
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SOP DETAILS

1. Identify the critically ill patient in whom the clinical decision to treat with

antibiotics has been made.

2. Attempt to identify the site of infection based on clinical signs and symptoms,

laboratory or diagnostic radiology studies.

a. Examine the patient.

b. Inspect all wounds.

c. If ventilated, obtain chest radiograph, calculate clinical pulmonary

infection score.

d. Obtain blood cultures.

e. Urinalysis.

f. Line change if clinical suspicion of CVC.

3. If impossible to identify site, obtain cultures from all accessible suspected sites and

initiate empiric, broad spectrum antibiotics.

4. If likely site can be identified follow guideline questions:

a. Is intra-abdominal site suspected? If yes, has patient had prolonged (>4

days) hospitalization? Acceptable empiric suggestions for community

acquired/less serious infections or hospital acquired/more serious and/or

resistant infections are provided.

b. Is pulmonary source of infection suspected? If yes, has patient had

prolonged (>4 days) hospitalization? Acceptable empiric suggestions for

community acquired/ less serious infections or hospital acquired/more

serious and/or resistant infections are provided. [Note quantitative

microbiology and “invasive” diagnostic techniques have superior accuracy

for diagnosis of pneumonia in critically ill patients.

c. Is skin, skin structure, or soft tissue site suspected? If yes, does the patient

have clinical signs suspicion for necrotizing soft tissue infection (NSTI)?

Acceptable empiric suggestions for less serious SSSI or severe NSTI are

provided.

d. Is a central venous catheter infection suspected? Acceptable empiric

suggestions for likely pathogens for CVC infections are provided.

5. Decision to continue, discontinue, and/or alter antibiotic/antimicrobial treatment

should be based on the clinical response to treatment, diagnostic or interventional

findings, and culture and sensitivity data. Bear in mind that not all patients with

infections will have positive cultures because of limitations of specimen handling,

microbiology laboratory variations, time between specimen acquisition and culture,

or presence of effective antibiotics at the time that specimens were obtained.
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6. Not all patients with increased temperature/WBC have an infection.

Discontinuation of antibiotics is appropriate if cultures, diagnostic studies are

negative.
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Fig. 1.
SOP for antimicrobial choices. See text for full discussion. Once the clinical decision to treat with antibiotics has been made,

antibiotic choices are governed by ability or lack of ability to identify likely origin of infection. Specific empiric acceptable

antibiotic choices are proposed for broad coverage when site cannot be identified and for treatment of suspected intra-

abdominal, pulmonary, skin and skin structure, and central venous catheter infections. The clinical response, in conjunction with

culture information (when available) can permit reliable adjustments to or discontinuation of antibiotics. Susceptibility patterns
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or pathogenic organisms and formulary availability of antimicrobial agents varies widely and therefore appropriate

implementation of the principles outlined above will vary from center to center.
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