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It is important to realize that guidelines cannot always account for individual variation among patients. They are not intended to
supplant physician judgment with respect to particular patients or special clinical situations. IDSA considers adherence to these
guidelines to be voluntary, with the ultimate determination regarding their application to be made by the physician in the light
of each patient’s individual circumstances.

These guidelines are intended for use by healthcare professionals who care for patients at risk for hospital-acquired pneumonia
(HAP) and ventilator-associated pneumonia (VAP), including specialists in infectious diseases, pulmonary diseases, critical care, and
surgeons, anesthesiologists, hospitalists, and any clinicians and healthcare providers caring for hospitalized patients with nosocomial
pneumonia. The panel’s recommendations for the diagnosis and treatment of HAP and VAP are based upon evidence derived from
topic-specific systematic literature reviews.

EXECUTIVE SUMMARY all available evidence (Table 1) [2]; the removal of the concept
In this 2016 guideline, the term “hospital-acquired pneurno- of healthcare-associated pneumonia (HCAP); and the recom-

nia” (HAP) denotes an episode of pneumonia not associated mendation that each hospital generate antibiograms to guide

with mechanical ventilation. Thus, patients with HAP and healthcare professionals with respect to the optimal choice of

ventilator-associated pneumonia (VAP) belong to 2 distinct antibiotics. In an effort to minimize patient harm and expo-

groups. The major differences between this guideline and ~ SUr€ to unnecessary antibiotics and reduce the development of
the 2005 version [1] include the following: the use of the
Grading of Recommendations Assessment, Development

and Evaluation (GRADE) methodology for the evaluation of

antibiotic resistance, we recommend that the antibiogram
data be utilized to decrease the unnecessary use of dual
gram-negative and empiric methicillin-resistant Staphylococ-
cus aureus (MRSA) antibiotic treatment. We also recommend
short-course antibiotic therapy for most patients with HAP or
VAP independent of microbial etiology, as well as antibiotic
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Summarized below are the recommendations made in

the recommendations can be found in the full text of this
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Table 1. Interpretation of Strong and Weak (Conditional) Recommendations
Weak (Conditional)

Strong Recommendation Recommendation

Patients Most individuals in this The majority of individuals in
situation would want the this situation would want
recommended course of the suggested course of
action, and only a small action, but many would
proportion would not. not.

Clinicians Most individuals should Recognize that different

receive the intervention.
Adherence to this
recommendation
according to the guideline
could be used as a quality
criterion or performance
indicator. Formal decision
aids are not likely to be
needed to help individuals
make decisions consistent
with their values and
preferences.

choices will be appropriate
for individual patients and
that you must help each
patient arrive at a
management decision
consistent with his or her
values and preferences.
Decision aids may be
useful in helping
individuals to make
decisions consistent with
their values and

preferences.

Policy makers  The recommendation can be
adopted as policy in most
situations.

Policymaking will require
substantial debate and
involvement of various
stakeholders.

MICROBIOLOGIC METHODS TO DIAGNOSE VAP AND
HAP

I. Should Patients With Suspected VAP Be Treated Based on the Results
of Invasive Sampling (ie, Bronchoscopy, Blind Bronchial Sampling)
With Quantitative Culture Results, Noninvasive Sampling (ie,
Endotracheal Aspiration) With Quantitative Culture Results, or
Noninvasive Sampling With Semiquantitative Culture Results?
Recommendation

1. We suggest noninvasive sampling with semiquantitative cultures
to diagnose VAP, rather than invasive sampling with quantitative
cultures and rather than noninvasive sampling with quantitative
cultures (weak recommendation, low-quality evidence).
Remarks: Invasive respiratory sampling includes broncho-
scopic techniques (ie, bronchoalveolar lavage [BAL], protect-
ed specimen brush [PSB]) and blind bronchial sampling
(ie, mini-BAL). Noninvasive respiratory sampling refers to
endotracheal aspiration.

IL. Iif Invasive Quantitative Cultures Are Performed, Should Patients With
Suspected VAP Whose Culture Results Are Below the Diagnostic Threshold
for VAP (PSB With <10° Colony-Forming Units [CFU)/mL, BAL With <10° CFU/
mL) Have Their Antibiotics Withheld Rather Than Continued?
Recommendation

1. Noninvasive sampling with semiquantitative cultures is the
preferred methodology to diagnose VAP (see section I); how-
ever, the panel recognizes that invasive quantitative cultures
will occasionally be performed by some clinicians. For pa-
tients with suspected VAP whose invasive quantitative cul-
ture results are below the diagnostic threshold for VAP, we
suggest that antibiotics be withheld rather than continued
(weak recommendation, very low-quality evidence).

Values and Preferences: This recommendation places a high
value on avoiding unnecessary harm and cost.

Remarks: Clinical factors should also be considered because
they may alter the decision of whether to withhold or contin-
ue antibiotics. These include the likelihood of an alternative
source of infection, prior antimicrobial therapy at the time of
culture, degree of clinical suspicion, signs of severe sepsis,
and evidence of clinical improvement.

lll. In Patients With Suspected HAP (Non-VAP), Should Treatment Be
Guided by the Results of Microbiologic Studies Performed on
Respiratory Samples, or Should Treatment Be Empiric?
Recommendation

1. We suggest that patients with suspected HAP (non-VAP) be
treated according to the results of microbiologic studies per-
formed on respiratory samples obtained noninvasively, rath-
er than being treated empirically (weak recommendation,
very low-quality evidence).

Values and Preferences: The suggestion places a high value
on the potential to accurately target antibiotic therapy and
then deescalate antibiotic therapy based upon respiratory
and blood culture results. Minimizing resource use by not
obtaining respiratory cultures is given a lower value.
Remarks: Noninvasive methods to obtain respiratory sam-
ples include the following: spontaneous expectoration, spu-
tum induction, nasotracheal suctioning in a patient who is
unable to cooperate to produce a sputum sample, and endo-
tracheal aspiration in a patient with HAP who subsequently
requires mechanical ventilation. The panel recognizes that
for some patients in whom a respiratory sample cannot be
obtained noninvasively, there may be factors which could
prompt consideration of obtaining samples invasively.

THE USE OF BIOMARKERS AND THE CLINICAL
PULMONARY INFECTION SCORE TO DIAGNOSE
VAP AND HAP

IV. In Patients With Suspected HAP/VAP, Should Procalcitonin (PCT)
Plus Clinical Criteria or Clinical Criteria Alone Be Used to Decide
Whether or Not to Initiate Antibiotic Therapy?

Recommendation

1. For patients with suspected HAP/VAP, we recommend using
clinical criteria alone, rather than using serum PCT plus clinical
criteria, to decide whether or not to initiate antibiotic therapy
(strong recommendation, moderate-quality evidence).

V. In Patients With Suspected HAP/VAP, Should Soluble Triggering
Receptor Expressed on Myeloid Cells (STREM-1) Plus Clinical Criteria
or Clinical Criteria Alone Be Used to Decide Whether or Not to Initiate
Antibiotic Therapy?

Recommendation

1. For patients with suspected HAP/VAP, we recommend
using clinical criteria alone, rather than using bronchoalveo-
lar lavage fluid (BALF) sTREM-1 plus clinical criteria, to
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decide whether or not to initiate antibiotic therapy (strong
recommendation, moderate-quality evidence).

VI. In Patients With Suspected HAP/VAP, Should C-Reactive Protein
(CRP) Plus Clinical Criteria, or Clinical Criteria Alone, Be Used to
Decide Whether or Not to Initiate Antibiotic Therapy?
Recommendation

1. For patients with suspected HAP/VAP, we recommend
using clinical criteria alone rather than using CRP
plus clinical criteria, to decide whether or not to initiate
antibiotic therapy (weak recommendation, low-quality
evidence).

VII. In Patients With Suspected HAP/VAP, Should the Modified Clinical
Pulmonary Infection Score (CPIS) Plus Clinical Criteria, or Clinical
Criteria Alone, Be Used to Decide Whether or Not to Initiate Antibiotic
Therapy?

Recommendation

1. For patients with suspected HAP/VAP, we suggest using
clinical criteria alone, rather than using CPIS plus clinical
criteria, to decide whether or not to initiate antibiotic therapy
(weak recommendation, low-quality evidence).

TREATMENT OF VENTILATOR-ASSOCIATED
TRACHEOBRONCHITIS

VIII. Should Patients With Ventilator-A
(VAT) Receive Antibiotic Therapy?
Recommendation

iated Tracheobronchitis

1. In patients with VAT, we suggest not providing antibiotic
therapy (weak recommendation, low-quality evidence).

INITIAL TREATMENT OF VAP AND HAP

IX. Should Selection of an Empiric Antibiotic Regimen for VAP Be
Guided by Local Antibiotic-Resistance Data?
Recommendations

1. We recommend that all hospitals regularly generate and dis-
seminate a local antibiogram, ideally one that is specific to
their intensive care population(s) if possible.

2. We recommend that empiric treatment regimens be in-

formed by the local distribution of pathogens associated
with VAP and their antimicrobial susceptibilities.
Values and preferences: These recommendations place a high
value on targeting the specific pathogens associated with VAP
as narrowly as possible to assure adequate treatment while
minimizing overtreatment and its undesirable consequences.
Remarks: The frequency with which the distribution of path-
ogens and their antimicrobial susceptibilities are updated
should be determined by the institution. Considerations
should include their rate of change, resources, and the amount
of data available for analysis.

X. What Antibiotics Are Recommended for Empiric Treatment of
Clinically Suspected VAP?

Recommendations (See Table 3 for Specific Antibiotic
Recommendations)

1. In patients with suspected VAP, we recommend including
coverage for S. aureus, Pseudomonas aeruginosa, and other
gram-negative bacilli in all empiric regimens (strong recom-
mendation, low-quality evidence).

i. We suggest including an agent active against MRSA for the
empiric treatment of suspected VAP only in patients with
any of the following: a risk factor for antimicrobial resistance
(Table 2), patients being treated in units where >10%-20%
of S. aureus isolates are methicillin resistant, and patients in
units where the prevalence of MRSA is not known (weak
recommendation, very low-quality evidence).

ii. We suggest including an agent active against methicillin-
sensitive S. aureus (MSSA) (and not MRSA) for the empiric
treatment of suspected VAP in patients without risk factors
for antimicrobial resistance, who are being treated in ICUs
where <10%-20% of S. aureus isolates are methicillin resis-
tant (weak recommendation, very low-quality evidence).

2. If empiric coverage for MRSA is indicated, we recommend
either vancomycin or linezolid (strong recommendation,
moderate-quality evidence).

3. When empiric treatment that includes coverage for MSSA
(and not MRSA) is indicated, we suggest a regimen including
piperacillin-tazobactam, cefepime, levofloxacin, imipenem,
or meropenem (weak recommendation, very low-quality evi-
dence). Oxacillin, nafcillin, or cefazolin are preferred agents
for treatment of proven MSSA, but are not necessary for
the empiric treatment of VAP if one of the above agents is
used.

4. We suggest prescribing 2 antipseudomonal antibiotics from
different classes for the empiric treatment of suspected VAP
only in patients with any of the following: a risk factor for

Table 2. Risk Factors for Multidrug-Resistant Pathogens

Risk factors for MDR VAP
Prior intravenous antibiotic use within 90 d
Septic shock at time of VAP
ARDS preceding VAP
Five or more days of hospitalization prior to the occurrence of VAP
Acute renal replacement therapy prior to VAP onset
Risk factors for MDR HAP
Prior intravenous antibiotic use within 90 d
Risk factors for MRSA VAP/HAP
Prior intravenous antibiotic use within 90 d
Risk factors for MDR Pseudomonas VAP/HAP
Prior intravenous antibiotic use within 90 d

Abbreviations: ARDS, acute respiratory distress syndrome; HAP, hospital-acquired
pneumonia; MDR, multidrug resistant; MRSA, methicillin-resistant Staphylococcus aureus;
VAP, ventilator-associated pneumonia.
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Table 3. Suggested Empiric Treatment Options for Clinically Suspected Ventilator-Associated Pneumonia in Units Where Empiric Methicillin-Resistant
Staphylococcus aureus Coverage and Double Antipseudomonal/Gram-Negative Coverage Are Appropriate

A. Gram-Positive Antibiotics With
MRSA Activity

B. Gram-Negative Antibiotics With
Antipseudomonal Activity: B-Lactam-Based Agents

C. Gram-Negative Antibiotics With Antipseudomonal
Activity: Non-B-Lactam-Based Agents

Antipseudomonal penicillins®
Piperacillin-tazobactam 4.5 g IV g6h®

Fluoroguinolones
Ciprofloxacin 400 mg IV g8h
Levofloxacin 750 mg IV g24h

Glycopeptides®
Vancomycin 15 mg/kg IV g8-12h
(consider a loading dose of 25-30
mg/kg x 1 for severe illness)

OR OR OR

Aminoglycosides®®
Amikacin 15-20 mg/kg IV q24h
Gentamicin 5-7 mg/kg IV g24h
Tobramycin 5-7 mg/kg IV g24h

OR OR

Carbapenems®
Imipenem 500 mg IV g6h?
Meropenem 1 g IV g8h

Cephalosporins®
Cefepime 2 g IV g8h
Ceftazidime 2 g IV g8h

Oxazolidinones
Linezolid 600 mg IV g12h

Polymyxins®®
Colistin 5 mg/kg IV x 1 (loading dose) followed by 2.5
mg x (1.5 x CrCl + 30) IV g12h (maintenance dose) [135]
Polymyxin B 2.5-3.0 mg/kg/d divided in 2 daily |V doses

OR

Monobactams'
Aztreonam 2 g IV q8h

Choose one gram-positive option from column A, one gram-negative option from column B, and one gram-negative option from column C. Note that the initial doses suggested in this table may
need to be modified for patients with hepatic or renal dysfunction.

Abbreviations: CrCl, creatinine clearance; IV, intravenous; MRSA, methicillin-resistant Staphylococcus aureus.

@ Drug levels and adjustment of doses and/or intervals required.

° Extended infusions may be appropriate. Please see section XlIl on pharmacokinetic/pharmacodynamic optimization of antibiotic therapy.
¢ On meta-analysis, aminoglycoside regimens were associated with lower clinical response rates with no differences in mortality.

9 The dose may need to be lowered in patients weighing <70 kg to prevent seizures.

¢ Polymyxins should be reserved for settings where there is a high prevalence of multidrug resistance and local expertise in using this medication. Dosing is based on colistin-base activity (CBA);
for example, One million U of colistin is equivalent to about 30 mg of CBA, which corresponds to about 80 mg of the prodrug colistimethate. Polymyxin B (1 mg = 10000 units) [136].

fIn the absence of other options, it is acceptable to use aztreonam as an adjunctive agent with another -lactam-based agent because it has different targets within the bacterial cell wall [137].

antimicrobial resistance (Table 2), patients in units where
>10% of gram-negative isolates are resistant to an agent
being considered for monotherapy, and patients in an ICU
where local antimicrobial susceptibility rates are not available
(weak recommendation, low-quality evidence).

5. We suggest prescribing one antibiotic active against P. aer-
uginosa for the empiric treatment of suspected VAP in pa-
tients without risk factors for antimicrobial resistance who
are being treated in ICUs where <10% of gram-negative iso-
lates are resistant to the agent being considered for mono-
therapy (weak recommendation, low-quality evidence).

6. In patients with suspected VAP, we suggest avoiding amino-
glycosides if alternative agents with adequate gram-negative
activity are available (weak recommendation, low-quality
evidence).

7. In patients with suspected VAP, we suggest avoiding colistin
if alternative agents with adequate gram-negative activity are
available (weak recommendation, very low-quality evidence).
Values and Preferences: These recommendations are a com-
promise between the competing goals of providing early ap-
propriate antibiotic coverage and avoiding superfluous
treatment that may lead to adverse drug effects, Clostridium
difficile infections, antibiotic resistance, and increased cost.
Remarks: Risk factors for antimicrobial resistance are pro-
vided in Table 2. The 10%-20% threshold for deciding

whether or not to target MRSA and the 10% threshold for
deciding whether or not to prescribe 1 antipseudomonal
agent or 2 were chosen by the panel with a goal of trying
to assure that >95% of patient receive empiric therapy ac-
tive against their likely pathogens; when implementing
these recommendations, individual ICUs may elect to mod-
ify these thresholds. If patient has structural lung disease in-
creasing the risk of gram-negative infection (ie,
bronchiectasis or cystic fibrosis), 2 antipseudomonal agents

are recommended.

XI. Should Selection of an Empiric Antibiotic Regimen for HAP
(Non-VAP) Be Guided by Local Antibiotic Resistance Data?
Recommendations

1. We recommend that all hospitals regularly generate and dis-
seminate a local antibiogram, ideally one that is tailored to
their HAP population, if possible.

2. We recommend that empiric antibiotic regimens be based

upon the local distribution of pathogens associated with
HAP and their antimicrobial susceptibilities.
Remarks: The frequency with which the distribution of path-
ogens and their antimicrobial susceptibilities are updated
should be determined by the institution. Considerations
should include their rate of change, resources, and the
amount of data available for analysis.
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XIl. What Antibiotics Are Recommended for Empiric Treatment of
Clinically Suspected HAP (Non-VAP)?

Recommendations (See Table 4 for Specific Antibiotic
Recommendations)

antibiotic with activity against MRSA (weak recommenda-
tion, very low-quality evidence). (Risk factors for mortality
include need for ventilatory support due to HAP and septic
shock).
1. For patients being treated empirically for HAP, we recom- ii. For patients with HAP who require empiric coverage for
mend prescribing an antibiotic with activity against S. aureus MRSA, we recommend vancomycin or linezolid rather
(strong recommendation, very low-quality evidence). (See than an alternative antibiotic (strong recommendation,
below for recommendations regarding empiric coverage of
MRSA vs MSSA.)
i. For patients with HAP who are being treated empirically
and have either a risk factor for MRSA infection (e,

prior intravenous antibiotic use within 90 days, hospitali-

low-quality evidence).

iii. For patients with HAP who are being treated empirical-
ly and have no risk factors for MRSA infection and are
not at high risk of mortality, we suggest prescribing an
antibiotic with activity against MSSA. When empiric treat-
ment that includes coverage for MSSA (and not MRSA) is
indicated, we suggest a regimen including piperacillin-tazo-

zation in a unit where >20% of S. aureus isolates are meth-
icillin resistant, or the prevalence of MRSA is not known, or

who are at high risk for mortality, we suggest prescribing an bactam, cefepime, levofloxacin, imipenem, or meropenem.

Table 4. Recommended Initial Empiric Antibiotic Therapy for Hospital-Acquired Pneumonia (Non-Ventilator-Associated Pneumonia)

Not at High Risk of Mortality® and no

Factors Increasing the Likelihood of Not at High Risk of Mortality? but With Factors High Risk of Mortality or Receipt of Intravenous

MRSAP©

Increasing the Likelihood of MRSAP-©

Antibiotics During the Prior 90 d*°

One of the following:
Piperacillin-tazobactam® 4.5 g IV g6h
OR

Cefepime® 2 g IV g8h

OR

Levofloxacin 750 mg IV daily

Imipenem® 500 mg IV g6h
Meropenem® 1 g IV g8h

One of the following:
Piperacillin-tazobactam® 4.5 g IV g6h
OR

Cefepime® or ceftazidime® 2 g IV g8h
OR

Levofloxacin 750 mg IV daily
Ciprofloxacin 400 mg IV g8h

OR

Imipenem? 500 mg IV g6h
Meropenem? 1 g IV g8h

OR

Aztreonam 2 g IV g8h

Two of the following, avoid 2 B-lactams:

Piperacillin-tazobactam® 4.5 g IV g6h
OR

Cefepime® or ceftazidime® 2 g IV g8h
OR

Levofloxacin 750 mg IV daily
Ciprofloxacin 400 mg IV q8h

OR

Imipenem? 500 mg IV g6h
Meropenem? 1 g IV g8h

OR

Amikacin 15-20 mg/kg IV daily

Gentamicin 5-7 mg/kg IV daily

Tobramycin 5-7 mg/kg IV daily

OR

Aztreonam® 2 g IV g8h

Plus:

Vancomycin 15 mg/kg IV g8-12h with goal to target 15-20 mg/mL

15-20 mg/mL trough level (consider a loading trough level (consider a loading dose of 25-30 mg/kg IV x 1 for
dose of 25-30 mg/kg x 1 for severe illness) severe illness)

OR OR
Linezolid 600 mg IV q12h Linezolid 600 mg IV gq12h

If MRSA coverage is not going to be used, include coverage for MSSA.

Options include:

Piperacillin-tazobactam, cefepime, levofloxacin, imipenem,
meropenem. Oxacillin, nafcillin, and cefazolin are preferred for the
treatment of proven MSSA, but would ordinarily not be used in an
empiric regimen for HAP.

Plus:
Vancomycin 15 mg/kg IV g8-12h with goal to target

If patient has severe penicillin allergy and aztreonam is going to be used
instead of any B-lactam-based antibiotic, include coverage for MSSA.

Abbreviations: HAP, hospital-acquired pneumonia; IV, intravenous; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus.
@ Risk factors for mortality include need for ventilatory support due to pneumonia and septic shock.

® Indications for MRSA coverage include intravenous antibiotic treatment during the prior 90 days, and treatment in a unit where the prevalence of MRSA among S. aureus isolates is not known
oris >20%. Prior detection of MRSA by culture or non-culture screening may also increase the risk of MRSA. The 20% threshold was chosen to balance the need for effective initial antibiotic
therapy against the risks of excessive antibiotic use; hence, individual units can elect to adjust the threshold in accordance with local values and preferences. If MRSA coverage is omitted, the
antibiotic regimen should include coverage for MSSA.

° If patient has factors increasing the likelihood of gram-negative infection, 2 antipseudomonal agents are recommended. If patient has structural lung disease increasing the risk of gram-
negative infection (ie, bronchiectasis or cystic fibrosis), 2 antipseudomonal agents are recommended. A high-quality Gram stain from a respiratory specimen with numerous and
predominant gram-negative bacilli provides further support for the diagnosis of a gram-negative pneumonia, including fermenting and non-glucose-fermenting microorganisms.

94 Extended infusions may be appropriate.

¢ In the absence of other options, it is acceptable to use aztreonam as an adjunctive agent with another B-lactam-based agent because it has different targets within the bacterial cell wall [137].
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Oxacillin, nafcillin, or cefazolin are preferred for the treat-
ment of proven MSSA, but are not necessary for empiric
coverage of HAP if one of the above agents is used (weak
recommendation, very low-quality evidence).

2. For patients with HAP who are being treated empirically,
we recommend prescribing antibiotics with activity against
P. aeruginosa and other gram-negative bacilli (strong recom-
mendation, very low-quality evidence).

i. For patients with HAP who are being treated empirically
and have factors increasing the likelihood for Pseudomo-
nas or other gram-negative infection (ie, prior intravenous
antibiotic use within 90 days; also see Remarks) or a high
risk for mortality, we suggest prescribing antibiotics from
2 different classes with activity against P. aeruginosa (weak
recommendation, very low-quality evidence). (Risk factors
for mortality include need for ventilatory support due
to HAP and septic shock). All other patients with HAP
who are being treated empirically may be prescribed a single
antibiotic with activity against P. aeruginosa.

il. For patients with HAP who are being treated empirically,
we recommend not using an aminoglycoside as the sole
antipseudomonal agent (strong recommendation, very
low-quality evidence).

Values and Preferences: These recommendations are a
compromise between the competing goals of providing
early appropriate antibiotic coverage and avoiding super-
fluous treatment that may lead to adverse drug effects,
C. difficile infections, antibiotic resistance, and increased cost.

Remarks: The 20% threshold for deciding whether or not
to target MRSA or MSSA was chosen in an effort to balance
the need for effective initial antibiotic therapyagainst the risks
of excessive antibiotic use; when implementing these recom-
mendations, individual units may elect to modify this thresh-
old. If patient has structural lung disease increasing the risk of
gram-negative infection (ie, bronchiectasis or cystic fibrosis),
2 antipseudomonal agents are recommended. A high-quality
Gram stain from a respiratory specimen with numerous and
predominant gram-negative bacilli provides further support
for the diagnosis of a gram-negative pneumonia, including

fermenting and non-glucose-fermenting microorganisms.

PHARMACOKINETIC/PHARMACODYNAMIC
OPTIMIZATION OF ANTIBIOTIC THERAPY

XIIl. Should Antibiotic Dosing Be Determined by Pharmacokinetic/
Pharmacodynamic (PK/PD) Data or the Manufacturer's Prescribing
Information in Patients With HAP/VAP?

Recommendation
1. For patients with HAP/VAP, we suggest that antibiotic dos-
ing be determined using PK/PD data, rather than the manu-
facturer’s prescribing information (weak recommendation,
very low-quality evidence).
Values and Preferences: This recommendation places a high

value on improving clinical outcome by optimization of ther-
apy; it places a lower value on burden and cost.

Remarks: PK/PD-optimized dosing refers to the use of anti-
biotic blood concentrations, extended and continuous infu-
sions, and weight-based dosing for certain antibiotics.

ROLE OF INHALED ANTIBIOTIC THERAPY

XIV. Should Patients With VAP Due to Gram-Negative Bacilli Be Treated
With a Combination of Inhaled and Systemic Antibiotics, or Systemic
Antibiotics Alone?

Recommendation

1. For patients with VAP due to gram-negative bacilli that are
susceptible to only aminoglycosides or polymyxins (colistin
or polymyxin B), we suggest both inhaled and systemic anti-
biotics, rather than systemic antibiotics alone (weak recom-
mendation, very low-quality evidence).

Values and Preferences: This recommendation places a high
value on achieving clinical cure and survival; it places a lower
value on burden and cost.

Remarks: It is reasonable to consider adjunctive inhaled anti-
biotic therapy as a treatment of last resort for patients who are
not responding to intravenous antibiotics alone, whether the
infecting organism is or is not multidrug resistant (MDR).

PATHOGEN-SPECIFIC THERAPY

XV. What Antibiotics Should Be Used for the Treatment for MRSA
HAP/VAP?
Recommendation

1. We recommend that MRSA HAP/VAP be treated with

either vancomycin or linezolid rather than other antibiotics
or antibiotic combinations (strong recommendation, moder-
ate-quality evidence).
Remarks: The choice between vancomycin and linezolid may
be guided by patient-specific factors such as blood cell
counts, concurrent prescriptions for serotonin-reuptake in-
hibitors, renal function, and cost.

XVI. Which Antibiotic Should Be Used to Treat Patients With HAP/VAP
Due to P. aeruginosa?
Recommendations

1. For patients with HAP/VAP due to P. aeruginosa, we recom-
mend that the choice of an antibiotic for definitive (not empiric)
therapy be based upon the results of antimicrobial susceptibi-
lity testing (strong recommendation, low-quality evidence).

2. For patients with HAP/VAP due to P. aeruginosa, we recom-
mend against aminoglycoside monotherapy (strong recom-
mendation, very low-quality evidence).

Remarks: Routine antimicrobial susceptibility testing should
include assessment of the sensitivity of the P. aeruginosa
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isolate to polymyxins (colistin or polymyxin B) in settings that
have a high prevalence of extensively resistant organisms.

XVII. Should Monotherapy or Combination Therapy Be Used to Treat
Patients With HAP/VAP Due to P. aeruginosa?
Recommendations

1. For patients with HAP/VAP due to P. aeruginosa who are
not in septic shock or at a high risk for death, and for
whom the results of antibiotic susceptibility testing are
known, we recommend monotherapy using an antibiotic to
which the isolate is susceptible rather than combination ther-
apy (strong recommendation, low-quality evidence).

2. For patients with HAP/VAP due to P. aeruginosa who re-
main in septic shock or at a high risk for death when the re-
sults of antibiotic susceptibility testing are known, we suggest
combination therapy using 2 antibiotics to which the isolate
is susceptible rather than monotherapy (weak recommenda-
tion, very low-quality evidence).

3. For patients with HAP/VAP due to P. aeruginosa, we recom-

mend against aminoglycoside monotherapy (strong recom-
mendation, very low-quality evidence).
Remarks: High risk of death in the meta-regression analysis
was defined as mortality risk >25%; low risk of death is defined
as mortality risk <15%. For a patient whose septic shock
resolves when antimicrobial sensitivities are known, continued
combination therapy is not recommended.

3. In patients with HAP/VAP caused by Acinetobacter species
that is sensitive only to colistin, we suggest not using adjunc-
tive rifampicin (weak recommendation, moderate-quality
evidence).

4. In patients with HAP/VAP caused by Acinetobacter species,

we recommend against the use of tigecycline (strong recom-
mendation, low-quality evidence).
Values and Preferences: These recommendations place a rela-
tively higher value on avoiding potential adverse effects due
to the use of combination therapy with rifampicin and colistin,
over achieving an increased microbial eradication rate, as erad-
ication rate was not associated with improved clinical outcome.
Remarks: Selection of an appropriate antibiotic for definitive
(nonempiric) therapy requires antimicrobial susceptibility
testing.

XX. Which Antibiotic Should Be Used to Treat Patients With HAP/VAP
Due to Carbapenem-Resistant Pathogens?
Recommendation

1. In patients with HAP/VAP caused by a carbapenem-resis-
tant pathogen that is sensitive only to polymyxins, we recom-
mend intravenous polymyxins (colistin or polymyxin B)
(strong recommendation, moderate-quality evidence), and
we suggest adjunctive inhaled colistin (weak recommenda-
tion, low-quality evidence).

Values and Preferences: These recommendations place a
high value on achieving clinical cure and survival; they

XVIII. Which Antibiotic Should Be Used to Treat Patients With HAP/VAP
Due to Extended-Spectrum p-Lactamase (ESBL)-Producing Gram-
Negative Bacilli?

place a lower value on burden and cost.
Remarks: Inhaled colistin may have potential pharmacoki-

netic advantages compared to inhaled polymyxin B, and
Recommendation

1. For patients with HAP/VAP due to ESBL-producing gram-
negative bacilli, we recommend that the choice of an antibiotic
for definitive (not empiric) therapy be based upon the results of
antimicrobial susceptibility testing and patient-specific factors
(strong recommendation, very low-quality evidence).

Remarks: Patient-specific factors that should be considered
when selecting an antimicrobial agent include allergies and co-

clinical evidence based on controlled studies has also
shown that inhaled colistin may be associated with improved
clinical outcomes. The clinical evidence for inhaled poly-
myxin B is mostly from anecdotal and uncontrolled studies;
we are therefore not suggesting use of inhaled polymyxin
B. Colistin for inhalation should be administered promptly
after being mixed with sterile water. This recommendation
was made by the US Food and Drug Administration

morbidities that may confer an increased risk of side effects. (FDA) after a report that a cystic fibrosis patient died after

being treated with a premixed colistin formulation [3]. Intra-
XIX. Which Antibiotic Should Be Used to Treat Patients With HAP/VAP

D Acinetob Species? venous polymyxin B may have potential pharmacokinetic
ue to Acinetobacter Species?

advantages compared to intravenous colistin, but clinical
data are lacking in patients with HAP/VAP.

Recommendations

1. In patients with HAP/VAP caused by Acinetobacter species,

we suggest treatment with either a carbapenem or ampicillin/ LENGTH OF THERAPY
sulbactam if the isolate is susceptible to these agents (weak

XXI. Should Patients With VAP Receive 7 Days or 8-15 Days of Antibiotic
Therapy?
Recommendation

recommendation, low-quality evidence).

2. In patients with HAP/VAP caused by Acinetobacter species
that is sensitive only to polymyxins, we recommend intrave-
nous polymyxin (colistin or polymyxin B) (strong recommenda- 1. For patients with VAP, we recommend a 7-day course of an-

tion, low-quality evidence), and we suggest adjunctive inhaled timicrobial therapy rather than a longer duration (strong rec-

colistin (weak recommendation, low-quality evidence). ommendation, moderate-quality evidence).
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Remarks: There exist situations in which a shorter or longer
duration of antibiotics may be indicated, depending upon the
rate of improvement of clinical, radiologic, and laboratory
parameters.

XXII. What Is the Optimal Duration of Antibiotic Therapy for HAP
(Non-VAP)?
Recommendation

1. For patients with HAP, we recommend a 7-day course of
antimicrobial therapy (strong recommendation, very low-
quality evidence).

Remarks: There exist situations in which a shorter or longer
duration of antibiotics may be indicated, depending upon the
rate of improvement of clinical, radiologic, and laboratory

parameters.

XXIIl. Should Antibiotic Therapy Be De-escalated or Fixed in Patients
With HAP/VAP?

Recommendation

1. For patients with HAP/VAP, we suggest that antibiotic ther-

apy be de-escalated rather than fixed (weak recommendation,
very low-quality evidence).
Remarks: De-escalation refers to changing an empiric
broad-spectrum antibiotic regimen to a narrower anti-
biotic regimen by changing the antimicrobial agent or
changing from combination therapy to monotherapy. In
contrast, fixed antibiotic therapy refers to maintaining
a broad-spectrum antibiotic regimen until therapy is
completed.

XXIV. Should Discontinuation of Antibiotic Therapy Be Based Upon PCT
Levels Plus Clinical Criteria or Clinical Criteria Alone in Patients With
HAP/VAP?

Recommendation

1. For patients with HAP/VAP, we suggest using PCT levels

plus clinical criteria to guide the discontinuation of antibiotic
therapy, rather than clinical criteria alone (weak recommen-
dation, low-quality evidence).
Remarks: It is not known if the benefits of using PCT levels
to determine whether or not to discontinue antibiotic thera-
py exist in settings where standard antimicrobial therapy for
VAP is already 7 days or less.

XXV. Should Discontinuation of Antibiotic Therapy Be Based Upon the
CPIS Plus Clinical Criteria or Clinical Criteria Alone in Patients With
Suspected HAP/VAP?

Recommendation

1. For patients with suspected HAP/VAP, we suggest not using
the CPIS to guide the discontinuation of antibiotic therapy
(weak recommendation, low-quality evidence).

INTRODUCTION

Despite advances in the understanding of contributing causes
and prevention, HAP and VAP continue to be frequent compli-
cations of hospital care. Together, they are among the most
common hospital-acquired infections (HAIs), accounting for
22% of all HAIs in a multistate point-prevalence survey [4]. Al-
though hospital-reported data from the National Healthcare
Safety Network suggest that VAP rates have been declining [5,
6], recently published data from a randomly selected national
sample demonstrated that approximately 10% of patients who
required mechanical ventilation were diagnosed with VAP and
that this rate has not declined over the past decade [7].

These infections negatively impact important patient out-
comes. While all-cause mortality associated with VAP has
been reported to range from 20% to 50%, the mortality directly
related to VAP is debated; a recent meta-analysis derived from
randomized VAP prevention studies estimated the attributable
mortality at 13% [8]. There is little controversy, however, re-
garding the tremendous resource use and prolonged hospital
length of stay related to VAP. Two recent studies estimated
that VAP prolongs length of mechanical ventilation by 7.6 to
11.5 days and prolongs hospitalization by 11.5 to 13.1 days com-
pared to similar patients without VAP [9, 10]. The excess cost as-
sociated with VAP was estimated to be approximately $40 000 per
patient [10].

Even in HAP, generally considered to be less severe than
VAP, serious complications occur in approximately 50% of pa-
tients [11], including respiratory failure, pleural effusions, septic
shock, renal failure, and empyema. This is particularly seen
among patients who develop HAP in the intensive care unit
(ICU), where the mortality rate approaches that of patients
with VAP [11, 12].

The last American Thoracic Society (ATS)/Infectious Diseas-
es Society of America (IDSA) HAP/VAP guidelines, published
in 2005 [1], provided evidence-based recommendations for the
prevention, diagnosis, and treatment of HCAP, HAP, and VAP.
Since 2005, new studies have provided additional insights into
diagnosis and treatment of these conditions. Furthermore, in
the 11 years since the publication of these guidelines, there
have been advances in evidence-based guideline methodology.
For these reasons, the ATS and the IDSA have collaborated to
create updated guidelines for the diagnosis and treatment of
HAP and VAP.

Scope and Purpose

The purpose of this document is to provide evidence-based
guidance on the most effective diagnosis and management of
nonimmunocompromised patients with HAP/VAP. Patients
with immunosuppression who are at risk for opportunistic pul-
monary infection represent a special population that often re-
quires an alternative approach to diagnosis and treatment.
While many of the concepts addressed in these guidelines
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might be applicable to immunosuppressed patients, the recom-
mendations are not intended for such patients. The target audi-
ence for these guidelines includes healthcare professionals who
care for patients at risk for HAP and VAP, including specialists
in infectious diseases, pulmonary diseases, critical care, and sur-
geons, anesthesiologists, hospitalists, and any clinicians and
healthcare providers caring for hospitalized patients with noso-
comial pneumonia. This document may also serve as the basis
for development and implementation of locally adapted
guidelines.

To determine the scope of the current guidelines, the panel
considered whether or not there were new data that could
lead to a change in recommendations since the last ATS/
IDSA guidelines were published. We also considered the avail-
ability of more recent guidelines from other organizations to
avoid needless redundancy. Based on these considerations, the
panel agreed that the guidelines on the prevention of VAP ini-
tially published by the Society for Healthcare and Epidemiology
of America (SHEA) in 2008 [13], and updated in 2014 [14],
made it unnecessary to include prevention recommendations
in the present guidelines. The panel initially agreed that updated
recommendations regarding the diagnosis and treatment of
HCAP, HAP, and VAP were needed, given the existence of im-
portant new evidence since the publication of the prior guide-
lines in 2005.

Healthcare-Associated Pneumonia

The rationale for inclusion of the HCAP designation with the
HAP/VAP guidelines in 2005 was that patients with HCAP
were thought to be at high risk for MDR organisms by virtue
of their contact with the healthcare system. Therefore, due to
both the patients’ contact with the healthcare system and the
presumed high risk of MDR pathogens, guidelines for these pa-
tients were included with guidelines for HAP and VAP, the
HAPs. However, in subsequent years, these 2 rationales for in-
cluding HCAP with the HAP/VAP recommendations have
come into question. There is increasing evidence from a grow-
ing number of studies that many patients defined as having
HCAP are not at high risk for MDR pathogens [15-19]. Fur-
thermore, although interaction with the healthcare system is po-
tentially a risk for MDR pathogens, underlying patient
characteristics are also important independent determinants
of risk for MDR pathogens [15-17]. Even if HCAP would be
considered as a separate clinical entity, it was thought that
this could be included in the upcoming community-acquired
pneumonia (CAP) guidelines because patients with HCAP,
like those with CAP, frequently present from the community
and are initially cared for in emergency departments. Finally,
in light of the more recent data regarding the HCAP population,
the panel anticipated that recommendations regarding coverage
for MDR pathogens among community-dwelling patients who
develop pneumonia would likely be based on validated risk

factors for MDR pathogens, not solely on whether or not the
patient had previous contacts with the healthcare system. For
these reasons, the panel unanimously decided that HCAP
should not be included in the HAP/VAP guidelines.

Definitions

The panel agreed that the definitions of HAP and VAP, as de-
lineated in the 2005 guidelines [1], are clinically useful and
generally accepted; therefore, the panel did not consider
amending them. Pneumonia was defined in the 2005 document
as the presence of “new lung infiltrate plus clinical evidence
that the infiltrate is of an infectious origin, which include the
new onset of fever, purulent sputum, leukocytosis, and decline
in oxygenation.” Nonetheless, the panel recognizes that there is
no gold standard for the diagnosis of HAP or VAP. Further-
more, in the 2005 document and this update, HAP is defined
as a pneumonia not incubating at the time of hospital admis-
sion and occurring 48 hours or more after admission. VAP is
defined as a pneumonia occurring >48 hours after endotracheal
intubation.

Much of the literature on this subject is complicated by in-
consistent usage of the term HAP, with some using the term
to denote any pneumonia developing in the hospital, and others
excluding VAP from the HAP designation. In this document,
the term “HAP” will denote episodes of pneumonia not associ-
ated with mechanical ventilation. Thus, HAP and VAP patients
will belong to 2 mutually exclusive groups. In using this de-
finition, we can avoid the use of the cumbersome term “non-
ventilator-associated HAP,” with occasional exceptions in the
interest of clarity (eg, section headings or key tables).

We note the new entities of ventilator-associated events (in-
cluding ventilator-associated conditions and infection-related
ventilator-associated complications) introduced by the US Cen-
ters for Disease Control and Prevention as potential metrics to
assess the quality of care provided to ventilated patients [20].
While the measurement of these events may be a useful concept
for trending and benchmarking quality, these definitions were
designed for the purposes of surveillance and quality improve-
ment at the population level and not to aid in diagnosis and
treatment decisions at the bedside. The panel therefore did not
consider these definitions for the purposes of these guidelines.

METHODOLOGY

Guideline Panel Composition

The IDSA and ATS each elected one co-chair to lead the guide-
line panel. Dr Andre Kalil was elected to represent the IDSA
and Dr Mark Metersky was elected to represent the ATS. A
total of 18 subject-matter experts comprised the full panel,
which included specialists in infectious diseases, pulmonary
medicine, critical care medicine, laboratory medicine, microbi-
ology, and pharmacology as well as a guideline methodologist.
Two other societies, the Society of Critical Care Medicine
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(SCCM) and the SHEA, provided representatives with expertise
in HAP and/or VAP. An expert in guideline methodology,
Dr Jan Brozek, oversaw all methodological aspects of the guide-
lines. Ms Peggy Cruse, MLIS, and Ms Shandra L. Knight, MS,
worked as the librarians in charge of all issues related to the sys-
tematic identification of scientific evidence and literature for
all PICO (Patient/Population [P]; Intervention/Indicator[I];
Comparator/Control[C]; Outcome[O]) questions. Ms Jennifer
J. Padberg, MPH, Ms Judy Corn, and Mr John Harmon were
in charge of all administrative and logistic issues related to the
guideline panel. Mr Shane McDermott and Ms Jennifer
J. Padberg, MPH, were in charge of all conflicts of interest
(COI) issues.

Disclosure and Management of Potential Conflicts of Interest

All prospective panelists were required to disclose any actual,
potential, or perceived COI prior to being placed on the
panel. The disclosures were used to categorize the panelists as
cleared for full participation, allowed to participate with recusal
from certain aspects of guideline development, or disqualified
from participation. The co-chairs remained free of any financial
COI during the entire guideline development process. They
therefore avoided any relationships with pharmaceutical or de-
vice companies that had products in development or being mar-
keted for pneumonia. Furthermore, all panelists were precluded
from participating in any marketing-related activities (ie, lec-
tures or advisory boards directly funded by a pharmaceutical
or device company with interests related to the subject of
these guidelines) during the entire process. Panelists were re-
quired to disclose to the ATS and IDSA and the chairs any
new activities that had the potential to be viewed as a COI
prior to engaging in the activity. Staff and members of the so-
cieties determined if specific activities were allowed under the
societies’ COI rules. Assignments of panelists to specific PICO
questions were made as to minimize any COI concerns. At the
beginning of each meeting, whether face-to-face or by telecon-
ference, panelists were required to disclose any new potential
COI or prior relevant COI to the subject matter to be
discussed.

Clinical Questions and Evidence Review
An initial list of relevant clinical questions for these guidelines
was created by the co-chairs and then submitted to the whole
panel for review and discussion. After the committee prioritized
the proposed topics via an online poll, the final set of clinical
questions to be addressed was approved by the whole commit-
tee. All outcomes of interest were identified a priori and the
guideline committee explicitly rated their importance for deci-
sion making. Each clinical question was assigned to a pair of
panelists.

Two expert health sciences librarians (P. C. and S. L. K.) de-
signed literature searches to address all of the clinical questions
(see supplementary materials [21] for full search details).

Searches were limited to studies performed in adults and
those published in English or containing an English abstract.
No publication year limits were used. The initial literature
searches were performed in 2012 and 2013, and then updated
in July 2014. Studies published up to November 2015 were in-
cluded if pertinent to these guidelines. To supplement the elec-
tronic searches, as needed, panelists contacted experts and
hand-searched journals, conference proceedings, reference
lists, and regulatory agency websites for relevant articles. The ti-
tles and abstracts of all identified citations were screened and all
potentially relevant citations were subjected to a full-text review,
using predefined inclusion and exclusion criteria.

The results of the literature searches were thoroughly re-
viewed by the panelists followed by selection and evaluation
of the relevant articles. Once the articles were selected, the pan-
elists in conjunction with the co-chairs and the methodologist
decided if a qualitative and/or a quantitative analysis was appro-
priate. Panelists were not required to update their recently per-
formed meta-analyses with results of the last search unless there
was likelihood that doing so would result in a change to the
strength or direction of a recommendation.

Evidence summaries for each question were prepared by the
panel members using the GRADE approach for rating the con-
fidence in the evidence [2]. The summaries of evidence were dis-
cussed and reviewed by all committee members and edited as
appropriate. The values and preferences for a specific outcome
could have a higher or lower value placed on it for different
PICO questions; this variation happened because the value
was always evaluated in the context of all other outcomes rele-
vant to each PICO question. Once the analyses were completed,
the panelists presented their data and findings to the whole
panel for deliberation and drafting of recommendations. Liter-
ature search strategies, evidence tables, evidence profiles, and
additional data, including meta-analysis results, can be found
in the supplementary materials [21].

Development of Clinical Recommendations

All recommendations were labeled as either “strong” or “weak”
(conditional) according to the GRADE approach. The words
“we recommend” indicate strong recommendations and “we
suggest” indicate weak recommendations. Table 1 provides
the suggested interpretation of strong and weak recommenda-
tions for patients, clinicians, and healthcare policy makers. Al-
though there is arguably ongoing need for research on virtually
all of the topics considered in this guideline, “Research Needs”
were noted for recommendations in which the need was be-
lieved by the panelists to be particularly acute. High-quality ev-
idence was lacking for many of the recommendations. Strong
recommendations were sometimes made in the setting of
lower-quality evidence when the panelists believed that most in-
dividuals would desire the recommended course of action, and
that most well-informed clinicians would agree, despite the low-
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quality evidence. All members of the panel participated in the
preparation of the guideline and approved the final recommen-
dations. Feedback was obtained from external peer reviewers.
The American College of Chest Physicians (CHEST), SCCM and
the SHEA reviewed and endorsed the guideline. The IDSA Standards
and Practice Guidelines Committee, the IDSA Board of Directors,
and the ATS Board of Directors reviewed and approved the guideline
prior to dissemination.

RISK FACTORS FOR ANTIBIOTIC RESISTANCE IN
VAP AND HAP

Because issues surrounding antibiotic resistance are fundamen-
tal to the consideration of many of the clinical questions ad-
dressed by this guideline, we undertook a series of systematic
reviews and meta-analyses to better understand risk factors
for MDR in both VAP and HAP. In these meta-analyses, we
studied risk factors for MDR in general, in addition to risk fac-
tors for specific classes of organisms. The findings do not lead to
any specific recommendations, rather they provided guidance
for the panelists for several of the treatment recommendations.
If more than one study was available for any risk factor, then
random-effects modeling was used for the pooled estimates
and their confidence intervals (CIs).

Risk Factors for VAP Caused by Any MDR Organism

Risk factors for MDR VAP have been addressed in several studies
(Table 2). Overall, 54 studies were identified in the literature search,
and 39 were excluded because of duplicate publication (n = 1), lack
of a comparator (n = 34), or nonclinical focus (n = 4). Fifteen
potential risk factors were included in the meta-analysis.

Factors associated with an increased risk of MDR VAP vs
non-MDR VAP were use of intravenous antibiotics in the past
90 days (odds ratio [OR], 12.3; 95% CI, 6.48-23.35) [22-24], >5
days of hospitalization prior to the occurrence of VAP [23,25-
29], septic shock at the time of VAP (OR, 2.01; 95% CI, 1.12—
3.61) [24, 30], acute respiratory distress syndrome (ARDS)
before VAP (OR, 3.1; 95% CI, 1.88-5.1) [22, 24], and acute
renal replacement therapy prior to VAP (OR, 2.5; 95% CI,
1.14-5.49) [22]. Coma present at the time of ICU admission
was associated with lower risk of MDR VAP (OR, 0.21; 95%
CI, .08-.52) [22]. Use of systemic corticosteroids was associated
with an increased risk of MDR VAP in only one study [23], but
due to the lack of reporting on specific dose and duration in ad-
dition to the lack of replication by other studies, corticosteroid
use was not accepted by the panel as a risk factor for MDR VAP.
Potential risk factors that were not found to be consistently
associated with resistant organisms in our analysis are listed
in the supplementary materials [21].

Prior exposure to intravenous antibiotics has been consistent-
ly identified as a predisposing factor to MDR pathogens in VAP.
While early antimicrobial therapy has been reported to lessen
the risk of VAP due to antibiotic-susceptible gram-positive

cocci and Haemophilus influenzae, it has been implicated in
the rise of MDR VAP due to MRSA, Pseudomonas, and other
non-glucose-fermenting organisms late in the course of hospi-
talization [24, 31-33]. This emphasizes the need for judicious
selection of patients for antibiotic therapy.

Other underlying clinical conditions may influence the mi-
crobiology of VAP. Sepsis may alter the response of cellular el-
ements that comprise the innate immune system [34]. The
protracted immunosuppressive phase following the hyperin-
flammatory response in sepsis diminishes the host ability to
clear MDR pathogens that are selected following early adminis-
tration of antibiotics. Studies of patients with ARDS have also
noted a higher incidence of MRSA and non-glucose-fermenting
gram-negative bacilli [35]. The onset of VAP appears to be de-
layed in ARDS patients, probably because of the near-universal
use of antibiotics early in the course of ARDS. When VAP does
occur, however, the microbial causes appear no different than
those among patients without ARDS who have required me-
chanical ventilation for similar periods of time and who have
experienced similar levels of exposure to antibiotic therapy
[36]. In contrast, coma upon ICU admission had a protective
effective against MDR VAP. This effect is related to the in-
creased propensity of neurotrauma patients to develop VAP
early in their ICU admission.

The concept of early- and late-onset pneumonia is based on
data from the late 1980s demonstrating that about 50% of me-
chanically ventilated patients developed VAP within the first 4
days after admission [37]. This concept has been subject to
validation in several subsequent studies. The study by Ewig
et al comprehensively illustrates the pathogenesis and the ra-
tionale behind it [38]. First, it could be demonstrated that
upper airway colonization was an independent predictor of
subsequent tracheobronchial colonization. Second, coloniza-
tion patterns in the upper and lower airways changed within
the first 3-4 days from a community-like to a typical nosoco-
mial pattern. Third, colonization with community-like pat-
terns was associated with early-onset pneumonia, whereas
nosocomial patterns were associated with a risk of late-onset
pneumonia. Finally, antimicrobial prophylaxis with 1 or 2
dosages of a cephalosporin decreased the risk of colonization
with community-like pathogens, and subsequently, early-
onset VAP was a risk factor for subsequent colonization
with typical nosocomial pathogens and increased the risk of
late-onset VAP. Others found that the threshold may also be
extended to 7 days [24].

Several subsequent studies have questioned the relationship
between the timing of VAP and the risk of MDR organisms.
No significant differences between pathogen patterns in early
and late VAP were found [23, 25-29]. These studies, however,
varied in their definitions of important concepts such as the
definition of “time zero” and risk factors for MDR. In fact,
the concept of early vs late VAP should be based on hospital
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admission as the starting point, rather than intubation, as intu-
bation may have taken place after several days of hospitalization,
thus resulting in a patient already colonized in the upper and
lower airways with typically nosocomial pathogens. Moreover,
the presence of risk factors for MDR should take precedence
over the distinction between early- and late-onset pneumonia.
Hence, timing of developing VAP should be evaluated in the
context of other risk factors and recent antibiotic treatment.
Nonetheless, the reviewed evidence suggests that overall, pa-
tients who develop VAP after >5 days of hospitalization are at
higher risk of infection with MDR organisms than patients
who develop VAP earlier in their hospitalization.

Risk Factors for MDR HAP

Risk factors for MDR HAP have only rarely been studied
(Table 2). Fifteen potential risk factors were included in our
meta-analysis. Only one risk factor was significantly associated
with MDR HAP: prior intravenous antibiotic use (OR, 5.17;
95% CI, 2.11-12.67) [39, 40]. While other risk factors may be
relevant, evidence is lacking. With regard to the early vs late
pneumonia concept, no data are available for HAP.

Risk Factors for HAP/VAP Due to MRSA

A small number of studies have specifically addressed risk fac-
tors for nosocomial pneumonia due to MRSA (Table 2). Most
studies analyzed risk factors for MRSA colonization. Overall, 14
variables have resulted in potential predictive factors in 3 stud-
ies [41-43].

While nosocomial pneumonia due to MRSA may be asso-
ciated with several variables reflecting mainly patient charac-
teristics, severity of disease, as well as specific treatments and
interventions, the most consistent body of evidence regarding
risk factors for MRSA was related to the prior use of intrave-
nous antibiotics. Prior antibiotic treatment is a recognized
risk factor for MRSA infection; however, less attention has
been paid to the question of which specific antimicrobial clas-
ses are the most predictive. Furthermore, MRSA pneumonia
is more often seen in late-onset pneumonia than in early-onset
pneumonia [42].

Active case finding of colonized patients and implementation
of isolation and decolonization strategies may also have a com-
plementary role in the reduction of MRSA infections. Some
studies have shown that MRSA colonization is associated with
an increased likelihood of isolation of MRSA from respiratory
samples [44], including samples exclusively from patients diag-
nosed with pneumonia [45], while at least one other study did
not demonstrate this association [46]. However, to our knowl-
edge, there are no studies that have prospectively evaluated the
use of MRSA screening to inform empiric treatment choices.

While there are several potential risk factors for MRSA pneu-
monia, the published evidence for most of these is scarce and of
low quality. Based on the limited data, the panel agreed that the
prior use of intravenous antibiotics was the most predictive risk

factor for MRSA pneumonia. There is also some evidence sug-
gesting that a positive MRSA screen from nasal or respiratory
samples may increase the risk of MRSA being cultured from re-
spiratory samples, but not enough evidence to definitively list
this as a risk factor for MRSA pneumonia (see section X).

Risk Factors for HAP/VAP Due to MDR Pseudomonas aeruginosa
Seven variables were evaluated in 2 studies investigating the as-
sociation between P. aeruginosa and nosocomial pneumonia
(Table 2) [30,47]. Direct comparison of available studies is dif-
ficult owing to the varied definitions used for multidrug resis-
tance. When focusing on case-control studies using more
stringent definitions of multidrug resistance (ie, resistance to
multiple classes of antipseudomonal antimicrobials), prior use
of antibiotics, mechanical ventilation, and history of chronic ob-
structive pulmonary disease have been identified as potential
risk factors for MDR P. aeruginosa infection. Furthermore, al-
though there are limited data in HAP/VAP patients, patients
with cystic fibrosis and bronchiectasis are more likely than pa-
tients with other pulmonary diseases to be chronically colo-
nized with P. aeruginosa and are therefore also likely at
increased risk for MDR P. aeruginosa. When looking specifi-
cally at antibiotics associated with the isolation of MDR
P. aeruginosa, prior receipt of carbapenems, broad-spectrum
cephalosporins, and fluoroquinolones have been identified as
independent risk factors. While there are several potential risk
factors, the published evidence is scarce and of low quality.
Based on the limited analysis, the panel agreed that the prior
use of intravenous antibiotics was the most predictive risk factor
for MDR Pseudomonas pneumonia.

DETERMINING ETIOLOGY OF HAP AND VAP

Because of the growing frequency of MDR organisms as a
cause of VAP, as well as the risks of initial ineffective therapy,
experts believe that cultures of respiratory secretions should be
obtained from virtually all patients with suspected VAP [1].
The panelists were in agreement with this practice. Given
the widespread acceptance of this tenet at the bedside and
the likelihood that few data would be found to address this
question, panel members decided that this issue would not
be formally addressed in this document. Therefore, the follow-
ing sections related to VAP diagnosis presume that cultures of
respiratory secretions would be obtained from all patients with
suspected VAP.

The panelists recognized that the underlying evidence in
support of blood cultures for patients with VAP is limited.
However, approximately 15% of patients with VAP are bac-
teremic [48-50], and in these patients the definitive identifica-
tion of a pathogen, often MDR, may alter management. Some
studies have found that patients with bacteremic VAP are at
higher risk of morbidity and mortality than nonbacteremic pa-
tients [49-51]. It should be recognized that at least 25% of
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positive blood cultures in suspected VAP patients are from a non-
pulmonary source. Thus, blood cultures results might provide
evidence of a nonpulmonary source of infection and might re-
veal bacteria that are not effectively treated by empiric VAP
therapy, a potentially important finding given the nonprecise
nature of VAP diagnosis [49, 50]. For these reasons, the panelists
have not revised the 2005 ATS/IDSA guidelines recommenda-
tion and remain in favor of blood cultures for all patients with
suspected VAP. Data are even more limited for patients with
HAP, in whom sputum samples are less commonly available
than in patients with VAP. However, bacteremic HAP is not un-
usual [52]; therefore, blood culture results may provide further
guidance for both antibiotic treatment and treatment de-escala-
tion for HAP and VAP.

MICROBIOLOGIC METHODS TO DIAGNOSE VAP AND
HAP

I. Should Patients With Suspected VAP Be Treated Based on the Results
of Invasive Sampling (ie, Bronchoscopy, Blind Bronchial Sampling)
With Quantitative Culture Results, Noninvasive Sampling (ie,
Endotracheal Aspiration) With Quantitative Culture Results, or
Noninvasive Sampling with Semiquantitative Culture Results?
Recommendation

1. We suggest noninvasive sampling with semiquantitative cul-

tures to diagnose VAP, rather than invasive sampling with
quantitative cultures and rather than noninvasive sampling
with quantitative cultures (weak recommendation, low-
quality evidence).
Remarks: Invasive respiratory sampling includes broncho-
scopic techniques (ie, BAL, PSB) and blind bronchial sam-
pling (ie, mini-BAL). Noninvasive respiratory sampling
refers to endotracheal aspiration.

Summary of the Evidence

Our systematic review identified 5 relevant randomized trials
[53-57]. In 3 of the trials, invasive sampling (bronchoscopy
or blind bronchial sampling) with quantitative cultures was
compared to noninvasive sampling (endotracheal aspiration)
with semiquantitative cultures [53, 54, 57]; in the remaining
2 trials, invasive sampling with quantitative cultures was com-
pared to noninvasive sampling with quantitative cultures [55, 56].
No trials were identified that compared noninvasive sampling
with quantitative cultures to noninvasive sampling with semi-
quantitative cultures.

The trials did not identify any significant differences in 28-
day mortality, overall mortality, length of ICU stay, duration
of mechanical ventilation, or antibiotic changes [53, 54, 57].
The 2 trials that compared invasive sampling with quantitative
cultures to noninvasive sampling with quantitative cultures
evaluated antibiotic changes; one demonstrated that invasive
sampling led to more antibiotic changes than noninvasive sam-
pling (42% vs 15%; relative risk [RR], 2.81, 95% CI, 1.01-7.81)

[56], whereas the other found no difference [55]. Two of the tri-
als that compared invasive sampling with quantitative cultures
to noninvasive sampling with semiquantitative cultures mea-
sured antibiotic days: one demonstrated more antibiotic-free
days in the invasive sampling group (5.0 days vs 2.2 days;
P <.001) [54], whereas the other found no difference [53].
The trial that found no difference in antibiotic days excluded
patients who were infected or colonized with Pseudomonas spe-
cies or MRSA. Therefore, they were able to use monotherapy
and there was less opportunity to deescalate antibiotics, poten-
tially biasing the results toward no effect [53]. There was no dif-
ference in the emergence of antibiotic resistance in the only
study that looked at this outcome [54]; no other information re-
garding adverse events was reported in any of the trials.

When the 5 trials were pooled via meta-analysis, sampl-
ing technique did not affect any clinical outcome, including
mean duration of mechanical ventilation, ICU length of stay,
or mortality [58].

Taken together, the evidence suggests that outcomes are sim-
ilar regardless of whether specimens are obtained invasively or
noninvasively, and whether cultures are performed quantita-
tively or semiquantitatively. The evidence provides low confi-
dence in the effects estimated by the trials due to risk of bias
(lack of blinding in some trials, possible selection bias), indirect-
ness (differing protocols), and imprecision (3 of the trials in-
cluded small numbers of patients) [55-57].

We summarized the performance characteristics of several
sampling techniques—endotracheal aspirates (ETAs), BAL,
and PSB—for informational purposes only; the performance
characteristics were not used to inform our recommendation.
The performance characteristics were estimated by pooling
data from studies that used histopathology as the reference stan-
dard. Nine such studies were identified [59-67]. None of the
tests had ideal performance characteristics. Generally, semi-
quantitative ETAs were the most sensitive, but least specific
test [59-61, 64]. Quantitative ETAs and quantitative BAL had
near-equivalent intermediate-level performance. Sensitivity
ranged from 48% (95% CI, 38%-57%) for PSB with >10’
CFU/mL to 57% (95% CI, 47%-66%) for quantitative BAL to
75% (95% CI, 58%-88%) for ETA with any amount of growth.
Specificity ranged from 47% (95% CI, 29%-65%) for ETA with
any amount of growth to 80% (95% CI, 71%-88%) for quanti-
tative BAL to 83% (95% CI, 70%-92%) for ETA with >10° CFU/
mL. Positive predictive values ranged from 60% (95% CI, 49%-
71%) for PSB with >10° CFU/mL and 61% (95% CI, 45%-76%)
for ETAs with any amount of growth to 77% (95% CI, 66%-
85%) for BAL with >10* CFU/mL and 81% (95% CI, 67%-
91%) for ETAs with >10° CFU/mL.

Rationale for the Recommendation
There is no evidence that invasive microbiological sampling
with quantitative cultures improves clinical outcomes

Management of Adults With HAP/VAP e CID 2016:63 (1 September) o e73



compared with noninvasive sampling with either quantitative
or semiquantitative cultures. Noninvasive sampling can be
done more rapidly than invasive sampling, with fewer com-
plications and resources. Semiquantitative cultures can be
done more rapidly than quantitative cultures, with fewer lab-
oratory resources and less expertise needed. For these rea-
sons, noninvasive sampling with semiquantitative cultures is
the microbiological sampling technique recommended by the
panel.

The guideline panel acknowledged that there is a potential
that invasive sampling with quantitative cultures could lead
to less antibiotic exposure if growth below defined thresh-
olds (eg, 10° CFU/mL for PSB, 10* CFU/mL for BAL) is
used as a trigger to stop antibiotics [68]. This outcome is
important due to the risks of acquiring antibiotic resistance,
the risk of side effects, and the costs of unnecessary or ex-
cessive antibiotic therapy; however, the estimated effects of
invasive sampling with quantitative culture on antibiotic ex-
posure are inconsistent and, therefore, insufficient to guide
therapy at this time [53-55]. Of note, lower respiratory
(eg, BAL, mini-BAL, brush, wash, ETA) and sputum
samples should be processed within 2 hours if kept at
room temperature and within 24 hours if kept at 4 degrees
Celsius [69].

Research Needs

The panel agreed that the question of whether or not invasive
sampling with quantitative cultures reduces antibiotic use, anti-
biotic resistance, direct costs, and indirect costs should be a pri-
ority area for future research. In addition, the panel agreed that
such trials should measure adverse outcomes, as most trials to
date have only evaluated beneficial outcomes.

II. If Invasive Quantitative Cultures Are Performed, Should Patients With
Suspected VAP Whose Culture Results Are Below the Diagnostic
Threshold for VAP (PSB With <10° CFU/mL, BAL With <10* CFU/mL) Have
Their Antibiotics Withheld Rather Than Continued?

Recommendation

1. Noninvasive sampling with semiquantitative cultures is
the preferred methodology to diagnose VAP (see section
I); however, the panel recognizes that invasive quantitative
cultures will occasionally be performed by some clini-
cians. For patients with suspected VAP whose invasive
quantitative culture results are below the diagnostic
threshold for VAP, we suggest that antibiotics be withheld
rather than continued (weak recommendation, very low-
quality evidence).

Values and Preferences: This recommendation places a
high value on avoiding unnecessary harm and cost.

Remarks: Clinical factors should also be considered be-
cause they may alter the decision of whether to withhold
or continue antibiotics. These include the likelihood of an
alternative source of infection, prior antimicrobial therapy

at the time of culture, degree of clinical suspicion, signs of
severe sepsis, and evidence of clinical improvement.

Summary of the Evidence

Although we do not recommend routine performance of in-
vasive quantitative cultures for patients with suspected VAP,
the panel recognizes that many clinicians feel that they are of
benefit in decreasing inappropriate antibiotic use and will
likely continue performing them, given the low quality of ev-
idence on which the recommendation against their perfor-
mance was based. We therefore decided to address the issue
of the safety of antibiotic discontinuation when quantitative
cultures are below the diagnostic threshold. We identified 6
studies that enrolled patients with VAP, measured the discon-
tinuation of antibiotics on the basis of quantitative culture re-
sults, and used the following thresholds to either diagnose or
exclude VAP: a PSB of <10° CFU/mL, a BAL of <10* CFU/mL,
and an ETA of <10° CFU/mL [54, 68, 70-73]. We excluded
20 studies that either did not withhold antibiotics on the
basis of the culture results or did not measure the utilization
of antibiotics once the culture results were known [53, 55-57,
74-88].

Only one of the selected studies was a randomized trial [54].
The trial randomly assigned patients with possible VAP to ei-
ther bronchoscopic sampling with quantitative cultures or the
use of clinical criteria alone to diagnose VAP. This trial found
that bronchoscopic sampling with quantitative cultures de-
creased 14-day mortality and antibiotic use. However, it did
not compare outcomes among those whose antibiotics were
withheld on the basis of the culture results to those whose an-
tibiotics were continued.

Because the randomized trial did not answer our question, we
next evaluated the 5 observational studies [68,70-73]. Only 2 of
the studies compared outcomes among those whose antibiotics
were withheld on the basis of the invasively obtained quantita-
tive culture results to those whose antibiotics were continued
despite the culture results. The first study was a prospective co-
hort study of 68 patients with suspected VAP, in which the prev-
alence of VAP among those undergoing invasive sampling was
51%. Patients whose antibiotics were discontinued on the basis
of the quantitative cultures had a similar mortality and rate of
new respiratory infection as those whose antibiotics were con-
tinued [71]. The second study was a retrospective cohort study
of 89 patients with suspected VAP whose invasively obtained
quantitative cultures were below the diagnostic threshold for
VAP [68]. Similar to the other observational study, patients
whose antibiotics were discontinued did not have a higher mor-
tality or rate of new respiratory infection compared to patients
whose antibiotics were continued. However, those whose anti-
biotics were withheld received a shorter duration of antibiotics,
had a lower rate of total superinfection, and a lower rate of MDR
superinfection.
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Taken together, the evidence indicates that patients whose
antibiotics are withheld on the basis of an invasive quantitative
culture below the diagnostic threshold for VAP have similar
clinical outcomes, less antibiotic use, and better microbiologic
outcomes compared to patients whose antibiotics are contin-
ued. The panel’s confidence in these estimated effects (ie, the
quality of evidence) was very low because they were derived
from observational studies with imprecision (ie, small studies
with few events) and high risk of bias (clinicians may have
been more likely to stop antibiotics early in less sick patients).

Rationale for the Recommendation

Antibiotic discontinuation in patients with suspected VAP
whose invasive quantitative culture results are below the diag-
nostic threshold for VAP may be beneficial. It decreases unnec-
essary antibiotic use, which should reduce antibiotic-related
adverse events (eg, Clostridium difficile colitis and promotion
of antibiotic resistance) and costs. Moreover, it improves micro-
biological outcomes (ie, fewer superinfections). While there is
no evidence that this approach worsens clinical outcomes, in
theory it could result in antibiotics being withdrawn from
some patients who would benefit from antibiotic therapy be-
cause the quantitative culture results were misleadingly low
due to sampling error or prior exposure to antibiotics.

Ill. In Patients With Suspected HAP (Non-VAP), Should Treatment Be
Guided by the Results of Microbiologic Studies Performed on
Respiratory Samples, or Should Treatment Be Empiric?
Recommendation

1. We suggest that patients with suspected HAP (non-VAP) be
treated according to the results of microbiologic studies per-
formed on respiratory samples obtained noninvasively, rath-
er than being treated empirically (weak recommendation,
very low-quality evidence).

Values and Preferences: The suggestion places a high value
on the potential to accurately target antibiotic therapy and
then deescalate antibiotic therapy based upon respiratory
and blood culture results. Minimizing resource use by not
obtaining respiratory cultures is given a lower value.
Remarks: Noninvasive methods to obtain respiratory sam-
ples include the following: spontaneous expectoration, spu-
tum induction, nasotracheal suctioning in a patient who is
unable to cooperate to produce a sputum sample, and endo-
tracheal aspiration in a patient with HAP who subsequently
requires mechanical ventilation. The panel recognizes that
for some patients in whom a respiratory sample cannot be
obtained noninvasively, there may be factors which could
prompt consideration of obtaining samples invasively.

Summary of the Evidence

We found only one randomized trial that compared empiric an-
tibiotic therapy with therapy based on the results of microbio-
logic studies in patients with suspected HAP [89]. Sixty-eight

patients with HAP were randomly assigned to undergo bron-
choscopy with protected specimen brushing vs noninvasive
management. In the latter group, expectorated sputum samples
were not obtained, so noninvasive management resulted in em-
piric therapy, which was supposed to adhere to the recommen-
dations from the 2005 ATS/IDSA guidelines [1]. There was no
difference among the 2 groups in either clinical cure at 28 days
or hospital length of stay. There was lower 28-day mortality in
the empirically treated group than the invasive group, but this
was not statistically significant (10% vs 21.9%; RR, 0.46; 95% CI,
.13-1.61). This evidence provided very low confidence in the es-
timated effects of microbiologic studies because there was very
serious risk of bias (fewer patients in the invasive group received
antibiotics than in the noninvasive group [76% vs 100%], lack of
blinding, lack of concealment) and imprecision.

Rationale for the Recommendation

Despite a lack of evidence showing that respiratory cultures in
patients with suspected HAP improve clinical outcomes, the
panel agreed that an attempt should be made to obtain respira-
tory samples for culture. The rationale for this suggestion is that
resistant pathogens lead to a significant risk of inadequate initial
empiric antibiotic therapy [90, 91], which is associated with an
increased risk of mortality in patients with HAP [92]. Having
culture results means that the antibiotic regimen can be adjust-
ed on the basis of those results if the patient does not respond to
initial therapy. Furthermore, performing cultures of respiratory
samples provides the opportunity to de-escalate antibiotic cov-
erage based on the results, minimizing unnecessary antibiotic
exposure. The panel acknowledges the potential for false-
positive results related to oral contamination when noninvasive
samples are obtained, but judged that the risks of inadequate
initial coverage and the potential benefit of allowing de-
escalation outweigh the negative impact of false-positive culture
results.

The panel further agreed that the respiratory specimens
should be obtained noninvasively rather than invasively. The
panel considered potential advantages of invasive sampling,
which might include less risk of inadequate initial antibiotic
coverage [90-92] and facilitation of antibiotic de-escalation.
However, there is no evidence in patients with HAP that either
of these goals would be frequently realized with regular use of
invasive sampling. Furthermore, routine use of invasive sam-
pling via bronchoscopy would be associated with increased
cost and increased risks to the patient. Although generally
safe, bronchoscopy may rarely cause life-threatening complica-
tions [93] and BAL results in temporary worsening of gas ex-
change both due to sedating medications and the lavage itself
[94], and this could result in the need for respiratory support.
The potential advantages of obtaining invasive cultures (less
risk of inadequate initial coverage, de-escalation of antibiotic
therapy) may not outweigh the disadvantages (negative impact
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of false-positive culture) of noninvasive techniques once the
costs and risks of the invasive procedure are added as potential
disadvantages.

THE USE OF BIOMARKERS AND THE CLINICAL
PULMONARY INFECTION SCORE TO DIAGNOSE VAP
AND HAP

IV. In Patients With Suspected HAP/VAP, Should PCT Plus Clinical
Criteria or Clinical Criteria Alone Be Used to Decide Whether or Not to
Initiate Antibiotic Therapy?

Recommendation

1. For patients with suspected HAP/VAP, we recommend using
clinical criteria alone, rather than using serum PCT plus
clinical criteria, to decide whether or not to initiate antibiotic
therapy (strong recommendation, moderate-quality evidence).

Summary of the Evidence

PCT is a precursor of calcitonin that is constitutively secreted
by C cells of the thyroid gland and K cells of the lung [95]. In
healthy individuals, PCT is normally undetectable (<0.01 ng/
mL). When stimulated by endotoxin, PCT is rapidly produced
by parenchymal tissue throughout the body [96]; this PCT pro-
duction has also been observed in diverse types of bacterial in-
fections [97, 98]. PCT may increase in response to sterile
inflammation or viral infection, but it is less common [99].
This characteristic makes PCT a potentially valuable diagnostic
test for the diagnosis of HAP/VAP.

We sought studies that enrolled patients with suspected
HAP/VAP and then compared outcomes among patients for
whom the initiation of antibiotic therapy was based upon
serum PCT levels plus clinical criteria with outcomes among
patients for whom therapy was based upon clinical criteria
alone. We found no such studies; therefore, we selected 6 studies
that reported the performance characteristics for serum PCT for
the diagnosis of HAP/VAP, generally diagnosed according to
the 2005 guideline definitions [1, 100-105]. Our underlying as-
sumption was that serum PCT results indicative of HAP/VAP
will prompt antibiotic therapy, which will improve clinical out-
comes. The immunoluminometric method was used to measure
serum PCT in 2 studies, and the Kryptor test using time-
resolved amplified cryptate emission technology was used to
measure serum PCT in 4 studies. The cutoffs used to distinguish
patients who had HAP/VAP from those who did not varied
among studies, ranging from 0.5 to 3.9 ng/mL. Some studies re-
ported results for varying thresholds. None of the cutoffs used
in the studies were subsequently validated.

We pooled the performance characteristics of serum PCT
for the diagnosis of HAP/VAP via a meta-analysis using a bi-
variate regression approach. The 6 studies included 665 partic-
ipants, among whom 335 (50.4%) were ultimately diagnosed
with HAP/VAP. The sensitivity, specificity, positive likelihood
ratio, negative likelihood ratio, and diagnostic OR were 67%

(95% CI, 53%-79%), 83% (95% CI, 43%-97%), 3.9 (95% CI,
.9-17.5), 0.4 (95% CI, .25-.62), and 10 (95% CI, 2-59), respec-
tively. The optimal PCT diagnostic thresholds differed accord-
ing to the severity of presentation, clinical setting, and type of
assay used. The summary receiver operating characteristic
(SROC) curve resulted in an area under the curve (AUC) of
0.76 (95% CI, .72-.79), which indicates moderate overall test
accuracy.

The panel’s confidence in the accuracy of these pooled per-
formance characteristics (ie, the quality of evidence) was mod-
erate because they were derived from accuracy studies with a
serious risk of bias. The risk of bias was multifactorial. Many
studies did not report enrolling consecutive patients, did not
report enrolling patients with a legitimate diagnostic uncer-
tainty (some studies required prior microbiological confirma-
tion of HAP/VAP), did not explain the reasons for
withdrawals, did not report blinding the outcome assessor,
and may have chosen diagnostic thresholds that gave more fa-
vorable results.

The meta-analysis revealed inconsistency of the evidence
(heterogeneity analysis I> = 87.9; P <.001). However, the panel
did not downgrade the quality of evidence due to the inconsis-
tency because the performance characteristics were similar even
after the heterogeneity was reduced by excluding certain studies.
Causes of the heterogeneity included the methodological qual-
ity of the studies, the clinical setting (ie, whether the study was
conducted in a surgical or medical unit), and the type of PCT
assay. There was no evidence of potential publication bias ac-
cording to Egger test for funnel plot asymmetry.

Rationale for the Recommendation

The systematic review identified no studies that enrolled pa-
tients with suspected HAP/VAP and then compared outcomes
among patients for whom the initiation of antibiotic therapy
was based upon serum PCT levels plus clinical criteria vs out-
comes among patients for whom therapy was based upon clin-
ical criteria alone. Therefore, the guideline development panel
used accuracy studies to inform its recommendations.

The panel decided a priori that it would recommend that an-
tibiotics be initiated or withheld on the basis of serum PCT test-
ing plus clinical criteria, rather than clinical criteria alone, if
HAP/VAP can be confirmed or excluded by serum PCT with
a sensitivity and specificity of >90%. These thresholds were
set because, assuming a prevalence of HAP/VAP of 50%
among those who undergo testing, then for every 1000 patients
tested, only 50 patients (5%) would be incorrectly categorized as
having or not having HAP/VAP.

The evidence indicates that serum PCT plus clinical criteria
can diagnose HAP/VAP with a sensitivity and specificity of 67%
and 83%, respectively. These findings failed to meet the panel’s
prespecified thresholds for recommending that serum PCT plus
clinical criteria be used to decide whether or not to initiate
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antibiotics. The false-negative and false-positive rates of serum
PCT testing plus clinical criteria are 33% and 17%, respectively.
Thus, assuming a prevalence of HAP/VAP of 50%, then for
every 1000 patients with suspected HAP/VAP who are evaluat-
ed with serum PCT plus clinical criteria, 165 patients (16.5%)
would be incorrectly diagnosed as not having HAP/VAP and
85 patients (8.5%) will be incorrectly diagnosed as having
HAP/VAP.

A recent trial that randomized ICU patients to a PCT-guided
antibiotic escalation protocol vs standard of care, aiming to im-
prove survival by increasing early appropriate antibiotic thera-
py, showed that the PCT-guided protocol did not result in
survival improvement, but resulted in a higher number of ven-
tilator-days and prolonged ICU stay [106].

In the view of the guideline panelists, patients who are incor-
rectly diagnosed with HAP/VAP are likely to receive antibiotics
and, therefore, are at unnecessary risk for side effects and incur
unnecessary costs. Perhaps more important, efforts to find the
correct diagnosis may cease, increasing the time until correct di-
agnosis and therapy. Conversely, incorrectly excluding HAP/
VAP delays the initiation of antibiotic therapy, which may
lead to poorer clinical outcomes. The panel agreed that the fre-
quency of such undesirable consequences due to misleading
PCT results was unacceptable and, therefore, recommended
not using PCT to guide antibiotic initiation.

V. In Patients With Suspected HAP/VAP, Should sTREM-1 Plus Clinical
Criteria or Clinical Criteria Alone Be Used to Decide Whether or Not to
Initiate Antibiotic Therapy?

Recommendation

1. For patients with suspected HAP/VAP, we recommend using
clinical criteria alone, rather than using BALF sTREM-1 plus
clinical criteria, to decide whether or not to initiate antibiotic
therapy (strong recommendation, moderate-quality evidence).

Summary of the Evidence

Triggering receptor expressed on myeloid cells (TREM-1) has
been studied as a biological marker of microbial infection.
TREM-1 is a member of the immunoglobulin superfamily
that has been shown to be strongly expressed on the neutrophils
and monocytes infiltrating tissues invaded by bacteria or fungi
[107]. However, its use in diagnosing infections is uncertain be-
cause several recent studies suggest sSTREM-1 may also be ele-
vated in noninfectious causes of inflammation [108, 109].

We sought studies that enrolled patients with suspected
HAP/VAP and then compared outcomes among patients for
whom the initiation of antibiotic therapy was based upon solu-
ble TREM-1 (sTREM-1) levels plus clinical criteria with out-
comes among patients for whom therapy was based upon
clinical criteria alone. We found no such studies; therefore, we
selected 6 studies that reported the performance characteristics
for sSTREM-1 for the diagnosis of HAP/VAP [110-115]. Our

underlying assumption was that sSTREM-1 results indicative of
HAP/VAP would prompt antibiotic therapy, which would im-
prove clinical outcomes. The measurement of STREM-1 was per-
formed on BALF by immunoblot in one study [115], on BALF
by enzyme-linked immunosorbent assay (ELISA) in 4 studies
[110-114], and on mini-BALF by ELISA in one study [114].
The cutoff values used to distinguish patients who had HAP/VAP
from those who did not varied widely among studies, ranging
from 5 to 900 pg/mL.

We pooled the performance characteristics of STREM-1 for
the diagnosis of HAP/VAP via a meta-analysis using a bivariate
regression approach. Our meta-analysis included 208 patients
with clinically suspected pneumonia, of whom 108 (52%)
were ultimately diagnosed with pneumonia. The sensitivity,
specificity, positive likelihood ratio, negative likelihood ratio,
and diagnostic OR were 84% (95% CI, 63%-94%), 49% (95%
CI, 18%-81%), 1.6 (95% CI, .8%-3.3), 0.33 (95% CI, .12-
0.93), and 5 (95% CI, 1-24), respectively. The sensitivity and
specificity of STREM-1 were lower in studies that used ELISA
[110-114] than in studies that used an immunoblot technique
[115]. The optimal STREM-1 diagnostic thresholds differed ac-
cording to the severity of presentation, clinical setting, and type
of assay used. The SROC curve resulted in an AUC of 0.78 (95%
CI, .75-.82), which indicates moderate overall test accuracy.

The panel’s confidence in the accuracy of these pooled per-
formance characteristics (ie, the quality of evidence) was mod-
erate because they are derived from accuracy studies with
serious risk of bias. The risk of bias is due to the studies not en-
rolling consecutive patients with legitimate diagnostic uncer-
tainty (one study used clinical plus microbiological results as
inclusion criteria [115], whereas 5 studies used clinical, radio-
logical, and microbiological findings as inclusion criteria
[110-114]). Moreover, because the studies in the meta-analysis
used BALF quantitative culture as the reference standard, the
prior use of antibiotics may have resulted in more negative
cases and participants with anaerobic infections may have
been misclassified, which could have altered the performance
characteristics of sSTREM-1.

Rationale for the Recommendation

Our systematic review identified no studies that enrolled pa-
tients with suspected HAP/VAP and then compared outcomes
among patients for whom the initiation of antibiotic therapy
was based upon soluble sSTREM-1 levels plus clinical criteria
vs outcomes among patients for whom therapy was based
upon clinical criteria alone. Therefore, the guideline
development panel used accuracy studies to inform its
recommendations.

The panel decided a priori that it would recommend that an-
tibiotics be initiated or withheld on the basis of BALF sTREM-1
testing plus clinical criteria, rather than clinical criteria alone, if
HAP/VAP could be confirmed or excluded by BALF sSTREM-1
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with a sensitivity and specificity of >90%. These thresholds were
set because, assuming a prevalence of HAP/VAP of 50% among
those who undergo testing, then for every 1000 patients tested,
only 50 patients (5%) will be incorrectly categorized as having
or not having HAP/VAP.

The evidence indicates that BALF sTREM-1 can diagnose
HAP/VAP with a sensitivity and specificity of 84% and 49%, re-
spectively. These findings failed to meet the panel’s prespecified
thresholds for recommending that BALF sTREM-1 plus clinical
criteria be used to decide whether or not to initiate antibiotics.
The false-negative and false-positive rates of BALF sTREM-1
are 16% and 51%, respectively. Thus, again assuming a preva-
lence of HAP/VAP of 50%, then for every 1000 patients tested,
80 patients (8%) will be incorrectly diagnosed as not having
HAP/VAP and 255 patients (25.5%) will be incorrectly diag-
nosed as having HAP/VAP.

Patients who are incorrectly diagnosed with HAP/VAP are
likely to receive antibiotics and, therefore, are at unnecessary
risk for side effects and incur unnecessary costs. Perhaps
more important, efforts to find the correct diagnosis may
cease, increasing the duration until correct diagnosis and ther-
apy. Conversely, incorrectly excluding HAP/VAP delays the ini-
tiation of antibiotic therapy, which may lead to poorer clinical
outcomes. The panel agreed that the frequency of such undesir-
able consequences due to misleading BALF sTREM-1 results
was unacceptable and, therefore, recommended not using
BALF sTREM-1 to guide antibiotic therapy.

VI. In Patients With Suspected HAP/VAP, Should CRP Plus Clinical
Criteria, or Clinical Criteria Alone, Be Used to Decide Whether or Not to
Initiate Antibiotic Therapy?

Recommendation

1. For patients with suspected HAP/VAP, we recommend
using clinical criteria alone rather than using CRP plus clin-
ical criteria, to decide whether or not to initiate antibiotic
therapy (weak recommendation, low-quality evidence).

Summary of the Evidence
We sought studies that enrolled patients with suspected HAP/
VAP and then compared outcomes among patients for whom
the initiation of antibiotic therapy was based upon CRP levels
plus clinical criteria with outcomes among patients for whom
therapy was based upon clinical criteria alone. We found no
such studies; therefore, we selected 3 studies that evaluated
the ability of CRP to identify patients with VAP [102,115,116].
One observational study enrolled 148 patients receiving me-
chanical ventilation and then found that the CRP levels in pa-
tients who had pneumonia were the same as in those who did
not [115]. A similar study that enrolled 44 patients receiving me-
chanical ventilation found no differences in the CRP levels of pa-
tients who had VAP compared with those who did not [102].
Finally, in a study of 28 patients who had a return of spontaneous
circulation after an out-of-hospital arrest, the CRP levels were the

same among patients with and without VAP [116]. Taken togeth-
er, these studies suggest that CRP cannot reliably distinguish pa-
tients with VAP from patients without VAP.

The panel’s confidence in the findings that CRP levels are
similar among patients with and without VAP was low because
the findings are from observational studies with serious impre-
cision (ie, few patients and events).

Rationale for the Recommendation

For a diagnostic test to be helpful in deciding whether or not to
initiate or withhold antibiotics for VAP, it must be capable of
distinguishing patients with VAP from patients without VAP.
All 3 studies suggest that CRP levels do not make this distinc-
tion. Therefore, the panel judged that CRP testing was just as
likely to lead clinicians astray as it is to help clinicians and,
therefore, the benefits of using CRP levels to inform decision
making in patients with possible VAP does not outweigh the
costs and burdens of testing.

VII. In Patients With Suspected HAP/VAP, Should the Modified CPIS Plus
Clinical Criteria, or Clinical Criteria Alone, Be Used to Decide Whether or
Not to Initiate Antibiotic Therapy?

Recommendation

1. For patients with suspected HAP/VAP, we suggest using
clinical criteria alone, rather than using CPIS plus clinical
criteria, to decide whether or not to initiate antibiotic therapy
(weak recommendation, low-quality evidence).

Summary of the Evidence

Clinical criteria have historically informed the need to start an-
tibiotics in patients with suspected HAP/VAP. However, semi-
objective measures such as the CPIS have emerged as a potential
tool to assist clinicians in deciding whether or not to initiate an-
timicrobial therapy for patients with suspected VAP. The CPIS
is a semiobjective assessment of several clinical factors predic-
tive of pneumonia; temperature, white blood cell count, pres-
ence and character of respiratory secretions, PaO,/FiO,
(arterial oxygen partial pressure/inspired oxygen fraction)
ratio, and chest radiograph findings.

We sought studies that enrolled patients with suspected
HAP/VAP and then compared outcomes among patients for
whom the initiation of antibiotic therapy was based upon the
CPIS plus clinical criteria with outcomes among patients for
whom therapy was based upon clinical criteria alone. We
found no such studies; however, we found a published system-
atic review with meta-analysis of 13 accuracy studies that re-
ported the performance characteristics of the CPIS for the
diagnosis of VAP [117-121]. The pooled prevalence of VAP
in the studies was 48%. The meta-analysis found that the
CPIS can confirm or exclude VAP with a sensitivity, specificity,
and diagnostic OR of 65% (95% CI, 61%-69%), 64% (95% CI,
60%-67%), and 4.84 (95% CI, 2.42-9.71), respectively. The
SROC curve resulted in an AUC of 0.748 (95% CI, .65-.85).
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The panel’s confidence in the accuracy of these pooled perfor-
mance characteristics (ie, the quality of evidence) was low because
they are derived from accuracy studies with serious risk of bias (ie,
many studies did not enroll consecutive patients with true diag-
nostic uncertainty, withdrawals were not explained) and inconsis-
tency (heterogeneity analysis I° > 87% for all pooled analyses).

Rationale for the Recommendation

Our systematic review identified no studies that enrolled pa-
tients with suspected VAP and then compared outcomes
among patients for whom the initiation of antibiotic therapy
was based upon the CPIS plus clinical criteria vs outcomes
among patients for whom therapy was based upon clinical cri-
teria alone. Therefore, the guideline development panel used a
published systematic review and meta-analysis of accuracy stud-
ies to inform its reccommendations.

The panel decided a priori that it would recommend that an-
tibiotics be initiated or withheld on the basis of the CPIS plus
clinical criteria, rather than clinical criteria alone, if VAP can be
confirmed or excluded by the CPIS with a sensitivity and spe-
cificity of >90%. These thresholds were set because, assuming a
prevalence of VAP of 48% among those who undergo testing,
then for every 1000 patients tested, only 48 patients (4.8%)
will be incorrectly categorized as having or not having VAP.

The evidence indicates that the CPIS can diagnose VAP with
a sensitivity and specificity of only 65% and 64%, respectively.
These findings failed to meet the panel’s prespecified thresholds
for recommending that the CPIS plus clinical criteria be used to
decide whether or not to initiate antibiotics. The false-negative
and false-positive rates of the CPIS are 35% and 36%, respec-
tively. Thus, again assuming a prevalence of VAP of 48%,
then for every 1000 patients tested, 168 patients (16.8%) will
be incorrectly diagnosed as not having HAP/VAP and 187 pa-
tients (18.7%) will be incorrectly diagnosed as having VAP.

Patients who are incorrectly diagnosed with HAP/VAP are like-
ly to receive antibiotics and, therefore, are at unnecessary risk for
side effects and incur unnecessary costs. Perhaps more important,
efforts to find the correct diagnosis may cease, increasing the du-
ration until correct diagnosis and therapy. Conversely, incorrectly
excluding HAP/VAP delays the initiation of antibiotic therapy,
which may lead to poorer clinical outcomes. The panel agreed
that the frequency of such undesirable consequences due to mis-
leading CPIS results was unacceptable and, therefore, recom-
mended not using CPIS to guide antibiotic therapy.

TREATMENT OF VENTILATOR-ASSOCIATED
TRACHEOBRONCHITIS

VIIl. Should Patients With Ventilator-A
(VAT) Receive Antibiotic Therapy?
Recommendation

iated Tracheobronchitis

1. In patients with VAT, we suggest not providing antibiotic
therapy (weak recommendation, low-quality evidence).

Summary of the Evidence

To determine whether or not treatment for VAT is warranted,
we sought evidence that the treatment of VAT improves clinical
outcomes. VAT has been defined as fever with no other recog-
nizable cause, with new or increased sputum production, posi-
tive ETA culture (>10° CFU/mL) yielding a new bacteria, and
no radiographic evidence of nosocomial pneumonia [122].

Our systematic review identified 3 randomized trials that
compared the effects of antibiotics to either placebo or no anti-
biotics in patients with VAT [123-125]. However, the panel de-
cided to exclude 2 of the trials because they were too indirectly
related to the clinical question, as they defined VAT differently
than all other studies and evaluated aerosolized antibiotics rath-
er than intravenous antibiotics [124, 125]. The remaining ran-
domized trial randomly assigned 58 patients to receive either
intravenous antibiotics or no antibiotics for 8 days [123]. The
group that received antibiotic therapy had lower ICU mortality
(18% vs 47%; OR, 0.24, 95% CI, .07-.88), less subsequent VAP
(13% vs 47%; OR, 0.17, 95% CI, .04-.70), and more mechanical
ventilation—free days (median 12 vs 2 days; P <.001), but no dif-
ference in the duration of mechanical ventilation or length of
ICU stay [123].

The panel was concerned about the randomized trial’s risk of
bias because it was unblinded and stopped early due to benefit.
Therefore, the panel also evaluated 4 observational studies [122,
126-128]. When the observational studies were combined with
the randomized trial, P. aeruginosa comprised 34% of the iso-
lates; other common organisms included Acinetobacter (27%),
Klebsiella (5%), and MRSA (32%). MDR organisms comprised
61% of all isolates, and polymicrobial infections comprised 31%
of the episodes of VAT [122, 126-128].

The observational studies compared adult mechanically ven-
tilated patients with VAT who received intravenous antibiotics
to patients who did not receive antibiotics. Antibiotic therapy
was associated with a shorter duration of mechanical ventilation
(-3.5 days; 95% CI —6.88 to —.019 days); however, no signifi-
cant differences were found for mortality or the duration of
ICU stay [122, 126-128].

Taken together, the evidence suggests that antibiotic therapy
for VAT may shorten the duration of mechanical ventilation;
however, it is uncertain whether it improves other clinical out-
comes due to inconsistent findings. The panel’s confidence in
the estimated effects of antibiotic therapy in VAT (ie, the quality
of evidence) was low because it consisted of a randomized trial
limited by very serious risk of bias as described above, observa-
tional studies, and inconsistent findings. Two other observa-
tional studies on VAT were published more recently, but their
results did not change the panel’s recommendations [129, 130].

Rationale for the Recommendation
The potential desirable consequence of antibiotic therapy is a
decreased duration of mechanical ventilation; in contrast, the
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potential undesirable consequences of antibiotic therapy in-
clude side effects such as rash, C. difficile colitis, antibiotic resis-
tance, and cost. The panel recognizes the potential desirable and
undesirable consequences, but judged that the latter outweigh
the former, given the uncertainty regarding the benefits. Fur-
thermore, the panel recognizes that in some patients, VAT
may occasionally result in mucus plugging, and resultant wean-
ing difficulty. In such patients, antibiotic treatment might be
considered, but no evidence for or against is available for this
situation. Last, the panel also recognizes that the diagnosis of
pneumonia is imperfect. The sensitivity and specificity of por-
table chest radiographs for pneumonia are lower than those of
computed tomography and autopsy. Thus, in the presence of
new respiratory signs of infection, such as an increased amount
of purulent sputum and a high-quality sample with positive
Gram stain, in conjunction with new systemic signs of infection
plus worsening oxygenation and/or increasing ventilator set-
tings, antibiotic treatment may be considered even in the ab-
sence of new or progressive persistent infiltrates on portable
chest radiographs; the rationale for that is because of the high
likelihood of a new VAP.

Research Needs

Randomized trials are needed to examine the effects of treating
VAT on clinical outcomes, since the existing randomized trials
have serious limitations. Such trials should use a concise defini-
tion that precludes overlap with VAP or, alternatively, combines
the diagnosis of VAT and VAP and adjusts for severity of respi-
ratory illness. Studies assessing the effect of inhaled and intra-
venous antibiotics on clinical outcomes are needed. In addition,
such trials should measure days of systemic antibiotics and
posttreatment antimicrobial resistance from both respiratory
and nonrespiratory sites, as the high frequency of MDR patho-
gens in the existing studies suggests that antimicrobial resistance
is increasing in the ICU.

INITIAL TREATMENT OF VAP AND HAP

Selecting an empiric antibiotic regimen for clinically suspected
VAP is difficult because clinicians must balance the potential
benefits of starting adequate antibiotics early (eg, decreased
mortality) with the harms of superfluous coverage (eg, adverse
drug effects, C. difficile infection, and increased antimicrobial
resistance).

IX. Should Selection of an Empiric Antibiotic Regimen for VAP Be
Guided by Local Antibiotic-Resistance data?
Recommendations

1. We recommend that all hospitals regularly generate and dis-
seminate a local antibiogram, ideally one that is specific to
their intensive care population(s) if possible.

2. We recommend that empiric treatment regimens be in-
formed by the local distribution of pathogens associated
with VAP and their antimicrobial susceptibilities.

Values and preferences: These recommendations place a

high value on targeting the specific pathogens associated
with VAP as narrowly as possible in order adequate treat-
ment while minimizing overtreatment and its undesirable
consequences.
Remarks: The frequency with which the distribution of path-
ogens and their antimicrobial susceptibilities are updated
should be determined by the institution. Considerations
should include their rate of change, resources, and the
amount of data available for analysis.

Summary of the Evidence

Antimicrobial flora and resistance patterns can vary consider-
ably between and within countries, regions, hospitals, ICUs in
a hospital, and specimen sources (ie, pulmonary vs other spec-
imens) [32,74,131, 132]. This was illustrated by an observation-
al study that compared quantitative culture results obtained by
bronchoscopy from 229 patients with VAP at 4 different insti-
tutions; there was wide variation in both the frequency of path-
ogens and patterns of antibiotic resistance among the
institutions [32]. Similarly, another observational study of pa-
tients with VAP found wide variation in both the frequency
of pathogens and patterns of antibiotic resistance in different
ICUs within a single institution [132]. However, another
study found that resistance rates measured in overall hospital
antibiograms are reflected in the resistance rates found in
ICU-acquired infections, although the frequency of MRSA
might be underestimated [133].

Rationale for the Recommendations

The panel recommends basing regimens for the empiric
treatment of suspected VAP on the local prevalence of path-
ogens and antimicrobial susceptibilities associated with VAP.
Because antimicrobial flora and resistance patterns can vary
considerably between ICUs, hospitals, regions, and countries,
the only way to know the local prevalence and resistance pat-
terns of pathogens associated with VAP is to develop a local
antibiogram. Ideally, the antibiogram should be specific for
VAP patients, or failing that, specific for ICU patients, since
there is wide variability between different settings and speci-
men sources. Nonetheless, the panel did recognize that devel-
oping a local antibiogram, especially one tailored to patients
with VAP, will not be feasible in many settings. This is par-
ticularly the case for hospitals that do not routinely conduct
surveillance for VAP, hospitals that have very few cases of
VAP, and/or hospitals with relatively few positive ICU cul-
tures regardless of specimen source. In the absence of local
microbial epidemiology, clinicians can refer to large national
and international surveys of organisms and resistance pat-
terns. The survey closest to the local level should be utilized.
An approved guideline for susceptibility testing is available
[134].
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X. What Antibiotics Are Recommended for Empiric Treatment of
Clinically Suspected VAP?

Recommendations (See Table 3 for specific antibiotic
recommendations)

1. In patients with suspected VAP, we recommend including
coverage for S. aureus, P. aeruginosa, and other gram-
negative bacilli in all empiric regimens (strong recommenda-
tion, low-quality evidence).

i. We suggest including an agent active against MRSA for the
empiric treatment of suspected VAP only in patients with
any of the following: a risk factor for antimicrobial resis-
tance (Table 2), patients being treated in units where
>10%-20% of S. aureus isolates are methicillin resistant,
and patients in units where the prevalence of MRSA
is not known (weak recommendation, very low-quality
evidence).

ii. We suggest including an agent active against MSSA (and
not MRSA) for the empiric treatment of suspected VAP in
patients without risk factors for antimicrobial resistance,
who are being treated in ICUs where <10%-20% of S. au-
reus isolates are methicillin resistant (weak recommenda-
tion, very low-quality evidence).

2. If empiric coverage for MRSA is indicated, we recommend
either vancomycin or linezolid (strong recommendation,
moderate-quality evidence).

3. When empiric coverage for MSSA (and not MRSA) is indica-
ted, we suggest a regimen including piperacillin-tazobactam,
cefepime, levofloxacin, imipenem, or meropenem (weak rec-
ommendation, very low-quality evidence). Oxacillin, nafcillin,
or cefazolin are preferred agents for treatment of proven
MSSA, but are not necessary for the empiric treatment of
VAP if one of the above agents is used.

4. We suggest prescribing 2 antipseudomonal antibiotics
from different classes for the empiric treatment of suspect-
ed VAP only in patients with any of the following: a risk
factor for antimicrobial resistance (Table 2), patients in
units where >10% of gram-negative isolates are resistant
to an agent being considered for monotherapy, and pa-
tients in an ICU where local antimicrobial susceptibility
rates are not available (weak recommendation, low-quality
evidence).

5. We suggest prescribing one antibiotic active against P.
aeruginosa for the empiric treatment of suspected VAP
in patients without risk factors for antimicrobial resistance
who are being treated in ICUs where <10% of gram-nega-
tive isolates are resistant to the agent being considered for
monotherapy (weak recommendation, low-quality
evidence).

6. In patients with suspected VAP, we suggest avoiding amino-
glycosides if alternative agents with adequate gram-negative
activity are available (weak recommendation, low-quality
evidence).

7. In patients with suspected VAP, we suggest avoiding
colistin if alternative agents with adequate gram-negative ac-
tivity are available (weak recommendation, very low-quality
evidence).

Values and Preferences: These recommendations are

a compromise between the competing goals of

providing early appropriate antibiotic coverage and avoid-

ing superfluous treatment that may lead to adverse drug

effects, C. difficile infections, antibiotic resistance, and in-
creased cost.

Remarks: Risk factors for antimicrobial resistance are
provided in Table 2. The 10%-20% threshold for deciding
whether or not to target MRSA and the 10% threshold for
deciding whether or not to prescribe one antipseudomo-
nal agent or 2 were chosen by the panel with a goal of try-
ing to assure that >95% of patient receive empiric therapy
active against their likely pathogens; when implementing
these recommendations, individual ICUs may elect to
modify these thresholds. If patient has structural lung dis-
ease increasing the risk of gram-negative infection (ie,
bronchiectasis or cystic fibrosis), 2 antipseudomonal
agents are recommended.

Summary of the Evidence

Surveillance studies suggest that the organisms most com-
monly associated with VAP in the United States are S. aureus
(approximately 20%-30% of isolates), P. aeruginosa (approx-
imately 10%-20% of isolates), enteric gram-negative bacilli
(approximately 20%-40% of isolates), and Acinetobacter
baumannii (approximately 5%-10% of isolates) [138].
These organisms are also the most frequent isolates identified
in international surveillance programs, albeit with a higher
fraction of cases attributable to P. aeruginosa and A. bauman-
nii [139)].

Many of these organisms, both in the United States
and abroad, are resistant to common antibiotics. These same
surveillance studies reported that almost 50% of S. aureus
isolates were resistant to methicillin (MRSA), 28%-35% of
P. aeruginosa isolates were resistant to cefepime, 19%-29% of
P. aeruginosa were resistant to piperacillin-tazobactam, and
56%-61% of A. baumannii isolates were resistant to carbape-
nems [138, 139].

A large number of observational studies suggest that inade-
quate and/or delayed treatment is associated with higher mortal-
ity rates in patients with VAP [118, 140-143]. In a meta-analysis
of 9 observational studies (813 patients), inadequate antibiotic
therapy for VAP was associated with a higher risk of death
(OR, 2.34; 95% CI, 1.51-3.62) [141].

Our systematic review did not identify randomized con-
trolled trials (RCTs) comparing regimens with and without
agents active against one or more of the potentially resistant
pathogens commonly associated with VAP. Nonetheless, the
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breadth of studies associating inadequate and delayed therapy
with poor outcomes suggests that empiric treatment regimens
for VAP should include agents likely to be active against these
pathogens.

Gram-Positive Coverage

There are limited data to inform the choice between different
agents active against MRSA. Vancomycin and linezolid have
been best studied. Meta-analyses of RCT's comparing vancomy-
cin and linezolid suggest that they are associated with similar
clinical outcomes [144-147] (see section XV). Other theoretical
choices include teicoplanin, telavancin, ceftaroline, and tedizol-
id [148-150]. Two randomized clinical trials evaluated teicopla-
nin vs vancomycin or linezolid for gram-positive infections
[151, 152]. However, multiple sites of infection were included
in both studies and small numbers of patients with pneumonia
were evaluated, and a small number of patients with docu-
mented MRSA pneumonia were evaluated. Thus, more evi-
dence is needed to define the clinical role of teicoplanin in
patients with HAP/VAP. Two RCTs comparing telavancin
and vancomycin found similar outcomes for both agents,
but <10% of patients in these trials had MRSA VAP, and pa-
tients with moderate to severe renal dysfunction (creatinine
clearance <50 mL/min) randomized to telavancin had higher
mortality rates [148, 153, 154]. There are no published RCT's
evaluating ceftaroline or tedizolid for the treatment of MRSA
VAP. Daptomycin is inactivated by surfactant and is therefore
not used for treatment of pneumonia. RCTs comparing tige-
cycline to imipenem and ceftobiprole to ceftazidime noted
significantly lower clinical cure rates among VAP patients
randomized to tigecycline and ceftobiprole, respectively
[155, 156].

Gram-Negative Coverage

Potential options to cover gram-negatives are more varied.
We identified 29 RCTs comparing different gram-negative
regimens for empiric treatment of VAP [155-183]. The
regimens tested varied considerably but included compari-
sons within and between carbapenems, cephalosporins, anti-
pseudomonal penicillins, aminoglycosides, quinolones,
aztreonam, and tigecycline either alone or in combination. In-
dividually, none of these trials reported significant differences
in clinical response or mortality rates between comparator
arms with the exceptions of tigecycline and doripenem,
which were both associated with worse outcomes [155, 158].
We did not identify any RCTSs assessing colistin as empiric
therapy for VAP, but a systematic review and meta-regression
of observational studies comparing colistin to other antibiot-
ics found no differences in clinical response rates, mortality,
or nephrotoxicity [184]. The US FDA recently approved 2 new
cephalosporin-f-lactamase combinations, ceftolozane-
tazobactam and ceftazidime-avibactam, for the treatment of
complicated urinary tract and intra-abdominal infections.

These agents are active against Pseudomonas and other gram-
negative bacteria, but their effectiveness against VAP has yet to
be determined [185].

We performed a series of meta-analyses comparing each class
of antibiotics against all other classes to evaluate whether any
particular class of antibiotics might be superior to another.
For each class, we identified all RCTs that included the antibi-
otic class of interest in one study arm vs agents from any other
class in the comparison arm. These trials were combined using
random-effects models. Summary risk ratios for mortality, clin-
ical response, acquired resistance, and adverse events are pre-
sented in the supplementary materials [21].

There were no significant differences in mortality, clinical re-
sponse, acquired resistance, or adverse events for patients ran-
domized to cephalosporin vs noncephalosporin regimens or
antipseudomonal penicillin vs non-antipseudomonal penicillin
regimens.

Our meta-analysis of 9 trials including 2174 patients on car-
bapenem-based regimens demonstrated a 22% relative decrease
in mortality with carbapenem-based regimens compared to reg-
imens without carbapenems (RR, 0.78; 95% CI, .65-.95;
I>=0%; P=.01) [155, 159, 161, 163, 167, 168, 173, 182, 183].
The pooled mortality rate in the carbapenem arm was 13.9%,
vs 17.8% in the noncarbapenem arm, for an absolute reduction
0f 3.9% (95% CI, .8-7.0). However, there were no differences be-
tween carbapenems vs noncarbapenems in clinical response
rates or adverse event rates. In addition, the published studies
did not consistently report the rates of subsequent C. difficile in-
fection and acquired carbapenem resistance.

Patients randomized to aminoglycoside-containing regimens
had similar mortality rates but lower clinical response rates
compared to patients treated with aminoglycoside-free regi-
mens (56% vs 68%; RR, 0.82; 95% CI, .71-.95). Patients ran-
domized to quinolone-containing regimens had similar
mortality and clinical response rates but slightly fewer adverse
events compared to those randomized to quinolone-free regi-
mens (24% vs 27%; RR, 0.88; 95% CI, .78-.99).

Combination Versus Monotherapy for Empiric Gram-Negative
Coverage of Suspected VAP

We evaluated whether there was a difference in outcomes in pa-
tients randomized to one vs 2 antipseudomonal agents. We
identified 7 eligible trials [160-162, 170, 171, 176, 181]. There
were no differences in mortality, clinical response, adverse ef-
fects, or acquired resistance between the monotherapy and
combination arms. However, many of these studies excluded
patients with comorbid illnesses and patients known to be col-
onized with resistant pathogens. A number of the studies also
allowed adjunctive empiric coverage for Pseudomonas until pa-
tients” actual pathogens were identified. These factors limit the
applicability of these studies to the selection of empiric regi-
mens in unselected patients with suspected VAP.
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Gram Stains

The role of Gram stains in guiding empiric therapy for VAP is
unclear. Some studies suggest that the absence of gram-positive
organisms on Gram stain makes it less likely that S. aureus will
be cultured [186, 187]. A recent meta-analysis of observational
studies, however, found relatively poor concordance between
Gram stains and final cultures [188]. The pooled kappa was
0.40 (95% CI, .34-.46) for gram-positive organisms and 0.30
(95% CI, .25-.36) for gram-negative organisms [188]. We did
not identify RCT's evaluating the use of Gram stains to inform

empiric treatment choices.

S. aureus Surveillance Screening

Many hospitals perform surveillance screening for MRSA in
some or all inpatients. The sensitivities of MRSA screens vary
considerably by anatomical site and by method of isolation
(nares vs oropharynx, conventional culture vs polymerase
chain reaction) [189]. Observational data suggest that concur-
rent or recent positive MRSA screens increase the likelihood
that clinical infection is due to MRSA [45, 190]. This association
is strongest, however, for skin and soft tissue infections. Only
about 30% of respiratory infections are due to MRSA in patients
with positive MRSA surveillance studies [44, 46]. Likewise, neg-
ative MRSA surveillance studies need to be interpreted within
the context of the local prevalence of MRSA. In settings with
low prevalence of respiratory infections due to MRSA, a nega-
tive nasal screen further suggests that pneumonia is unlikely to
be due to MRSA and that anti-MRSA coverage can be withheld
[190]. In settings with higher prevalence rates of MRSA, a neg-
ative screen decreases the probability that infection is due to
MRSA but does not rule out the possibility [44,46].In these set-
tings, some studies have found that up to 75% of critically ill
patients with MRSA lower respiratory tract infections have neg-
ative nasal culture surveillance screens for MRSA [46]. We did
not identify any RCTs evaluating the use of MRSA screening to
inform empiric treatment choices for VAP.

Rationale for the Recommendations

Selecting empiric treatments for clinically suspected VAP is a
difficult balancing act between starting adequate antibiotics
early and limiting superfluous coverage. Delaying treatment
and failing to cover patients’ causative pathogens are both asso-
ciated with higher mortality rates Conversely, broader coverage
and longer treatment courses increase the risks of adverse drug
effects, C. difficile infections, and antimicrobial resistance [191,
192]. The generally recommended compromise is to pair early
and aggressive treatment with early and aggressive de-escalation
(see section XXIII) [68, 84, 120, 193-197].

National and international surveillance data suggest that a
considerable fraction of VAP is attributable to MRSA and resis-
tant gram-negatives. Unless local or regional data demons-
trating pathogen and/or antimicrobial resistance patterns
significantly different from the rates listed above are available,

empiric coverage should include an agent active against
MRSA and at least 2 agents active against gram-negative organ-
isms, including P. aeruginosa. The rationale for including 2
gram-negative agents in empiric regimens is to increase the
probability that at least one agent will be active against the pa-
tient’s pathogen. On the other hand, if local or regional data
suggest a low prevalence of MRSA and low antibiotic resistance
rates among gram-negatives, then a single agent active against
both P. aeruginosa and MSSA or one agent active against
MSSA combined with one agent active against Pseudomonas
and other gram-negatives is likely adequate [162].

Empiric therapies should be informed by patient-specific risk
factors for antimicrobial-resistant pathogens and the distribu-
tion of pathogens and antibiotic resistance in the local practice
environment [131, 133]. Not all patients require maximal em-
piric coverage (see Table 3 for specific antibiotic recommenda-
tions). Patient-specific factors to consider include prior culture
results and antimicrobial resistance patterns, recent antibiotic
exposures, time since hospital admission, and severity of illness.
The risk factors for antibiotic-resistant pathogens are listed in
Table 2. The positive predictive values of individual risk factors
for drug resistance are variable and imperfect; hence, clinicians
should also consider the local prevalence of drug-resistant path-
ogens when choosing empiric regimens. Coverage for MRSA
and resistant gram-negative bacilli may still be appropriate in
a patient without specific risk factors for resistant pathogens
if the local prevalence of antibiotic-resistant pathogens is
high. Conversely, narrow-spectrum coverage may be appropri-
ate for patients without specific risk factors for antibiotic-
resistant pathogens being treated in locations with a low
prevalence of antibiotic-resistant organisms.

There are no data to pinpoint what specific organism fre-
quencies or antibiotic resistance rates should be used when de-
signing empiric regimens to assure coverage. The panel suggests
that ICU-level S. aureus methicillin resistance rates of >10%-
20% merit selecting a gram-positive agent active against
MRSA, and that ICU-level gram-negative resistance rates of
>10% to an agent being considered for empiric gram-negative
monotherapy merit using 2 gram-negative agents for empiric
therapy of suspected VAP. The reason for the lower threshold
for gram-negatives compared with gram-positives is because
gram-negatives are more frequently implicated in VAP; hence,
there is increased risk for inadequate empiric gram-negative
coverage. The panel recognizes that calculating the total VAP
gram-negative resistance rate to a potential antibiotic choice
may be challenging because it requires knowing both the local
prevalence of organisms associated with VAP and their resis-
tance rates to all potential antibiotic choices. For hospitals
that are unable to calculate their gram-negative VAP resistance
rate for each antibiotic, the resistance rate for Pseudomonas is a
reasonable, albeit conservative, proxy as Pseudomonas is the
most common gram-negative organism associated with VAP
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and tends to have higher resistance rates than other gram-negatives
commonly causing VAP.

The thresholds selected by the panel were chosen to try to
minimize the probability of inappropriate coverage while recog-
nizing that indiscriminate use of broad-spectrum coverage for
all patients in all settings is not necessary and is potentially
harmful. In arriving at these thresholds, the panel considered
the number of patients that would need to be treated to benefit
one individual. For example, if the average prevalence of S. au-
reus in VAP is approximately 25%, then a methicillin resistance
rate of 10%-20% implies that only 2.5%-5% of VAPs will be due
to MRSA and the vast majority of patients will not benefit from
MRSA coverage. Higher prevalence rates of MRSA, however, in-
crease the percentage of patients likely to benefit from MRSA
coverage. We acknowledge that, given the lack of data to inform
optimal thresholds for broadening coverage, individual units
can adjust these thresholds in accordance with local values
and preferences. We note that other infectious disease guide-
lines have suggested a similar threshold to inform empiric an-
tibiotic choices [198]. We believe that further research on
optimal thresholds for selecting broad vs narrow empiric regi-
mens is an important priority.

The panel recommended vancomycin or linezolid for empir-
ic MRSA coverage, vs other agents, based on the many trials
comparing these agents. Because the effects of vancomycin
and linezolid on clinical outcomes appear to be similar, the
final choice should rest upon other factors such as blood cell
counts, renal function, concurrent prescriptions for serotonin-
reuptake inhibitors, and cost.

The panel suggested that monotherapy with an agent active
against both MSSA and Pseudomonas may be adequate in pa-
tients without risk factors for antimicrobial-resistant pathogens
receiving treatment in units with low prevalence rates of MRSA
and resistant gram-negatives. Possible agents include piperacil-
lin-tazobactam, cefepime, levofloxacin, imipenem, or merope-
nem. The panel cautions clinicians that quinolone resistance
is slightly more common in MSSA vs resistance to the other op-
tions. If infection is confirmed to be due to MSSA, the panel
suggests selecting a narrower-spectrum agent with less likeli-
hood of inducing resistance such as cefazolin, oxacillin, or
nafcillin.

The panel suggested using 2 antipseudomonal agents from 2
different classes for empiric treatment of patients with risk fac-
tors for antibiotic-resistant pathogens as well as patients receiv-
ing care in units where >10% of VAPs are resistant to an agent
being considered for monotherapy. We made this suggestion
despite the panel’s meta-analysis suggesting no difference in
mortality, clinical response, adverse effects, or acquired resis-
tance rates between regimens with one antipseudomonal
agent vs 2. The panel was concerned that the trial data we re-
viewed do not apply to all patients with VAP because most of
the studies specifically excluded patients colonized with

resistant pathogens and patients at increased risk for resistant
pathogens. It was the panel’s belief that these data then are
most applicable to patients at low risk for resistant pathogens
or in whom resistant pathogens have been excluded. These
data do suggest, however, that once a pathogen has been iden-
tified and susceptibilities are known, there is no reason to con-
tinue combination therapy.

The panel did not specifically recommend carbapenems as
the empiric agent of choice for VAP despite our meta-analysis
suggesting that carbapenems may be associated with lower
mortality rates in VAP. The panel was concerned because all
of the carbapenem studies only evaluated patients for short-
term outcomes. Many studies now associate carbapenems
with selection of C. difficile and antibiotic-resistant organisms
at both the individual patient and hospital levels, includ-
ing organisms resistant to agents other than carbapenems
[199-209]. Furthermore, despite the lower number of studies
collecting and reporting the development of carbapenem resis-
tance (only 7 studies), our standard meta-analysis showed a
trend for an increased risk of developing resistance (RR,
1.40; 95% CI, .95-2.06; P =.08), and our Bayesian analyses
showed a 96% probability of developing carbapenem resis-
tance with the use of empiric carbapenem. It is therefore pos-
sible that short-term mortality benefits may be outweighed by
long-term harms. Of note, a significant increase in antibiotic re-
sistance and a lack of survival benefits with carbapenems com-
pared to other antibiotics was observed by our panel’s analysis
of the treatment of HAP/VAP due to P. aeruginosa (see section
XVI). Finally, carbapenem resistance rates have risen since the
publication of many of the studies included in our analysis
[210-212], and hence a blanket recommendation in favor of car-
bapenems may not be suitable for many contemporary ICUs. We
believe this is a critical area for future research.

The panel suggested avoiding aminoglycosides when alterna-
tive agents with adequate gram-negative activity are available
because of aminoglycosides’ poor lung penetration, increased
risk of nephrotoxicity and ototoxicity, and our meta-analysis
suggesting that they are associated with poorer clinical response
rates compared with other classes.

Although there are no randomized trials assessing polymyx-
ins (colistin or polymyxin B) as empiric therapy for VAP, poly-
myxins may yet be a reasonable component of empiric
regimens in units with high rates of resistance to agents from
other classes [184]. In some ICUs, organisms sensitive to colis-
tin alone are responsible for >20% of gram-negative VAP [213].
In ICUs operating under these difficult conditions, including
colistin in empiric regimens may increase the frequency of ini-
tially appropriate empiric antibiotic treatment. However, there
are limited data on how this might affect nephrotoxicity rates,
colistin resistance, and mortality rates over the long term. Over-
use of polymyxins may jeopardize its current role as the gram-
negative antibiotic of last resort.
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Finally, the panel strongly encourages clinicians to consider
all relevant, available data about both their individual patient
and their practice environment to tailor empiric choices for
each patient. Factors to consider include the clinician’s confi-
dence about whether or not the patient truly has pneumonia,
the patient’s risk factors for drug-resistant pathogens, the pa-
tient’s drug allergies and severity of illness, results from prior
clinical cultures, results of MRSA screening, the morphology
and quantity of organisms on Gram stains, and the local distri-
bution of organisms and resistance patterns associated with
VAP. Some of these factors could reasonably cause a clinician
to include coverage for MRSA even if the local prevalence of
methicillin resistance is <10%-20% (for example, if the patient
is severely ill and has a good-quality ETA Gram stain dense with
gram-positive cocci and a recent positive surveillance nasal
screen for MRSA). Conversely, some factors could also reason-
ably support a decision to omit MRSA coverage even within a
unit with relatively high rates of antibiotic resistance (eg, if the
clinical suspicion for pneumonia is relatively low, the patient is
not severely ill and has no risk factors for drug-resistant path-
ogens, and a good-quality Gram stain of pulmonary secretions
shows gram-negative bacilli alone).

Research Needs

There is a pressing need for more data to guide the selection of
broad- vs narrow-spectrum empiric regimens. More data are
also needed on the differential impact of different empiric reg-
imens on antimicrobial resistance rates and long-term out-
comes at the individual and population levels, such as
mortality and antibiotic resistance.

XI. Should Selection of an Empiric Antibiotic Regimen for HAP (Non-
VAP) Be Guided by Local Antibiotic Resistance Data?
Recommendations

1. We recommend that all hospitals regularly generate and dis-
seminate a local antibiogram, ideally one that is tailored to
their HAP population, if possible.

2. We recommend that empiric antibiotic regimens be based

upon the local distribution of pathogens associated with
HAP and their antimicrobial susceptibilities.
Remarks: The frequency with which the distribution of path-
ogens and their antimicrobial susceptibilities are updated
should be determined by the institution. Considerations
should include their rate of change, resources, and the
amount of data available for analysis.

Summary of the Evidence

We performed a systematic review of both randomized trials
and observational studies to determine the prevalence of infect-
ing organisms in HAP. Studies published prior to 2000 were ex-
cluded because of changes in resistance patterns and organism
prevalence over time. We selected 24 studies that provided rel-
evant data [11, 89, 92, 139, 155, 179, 214-231]. The studies

enrolled patients predominantly in North America, Europe,
and Asia, with a small percentage from South America. A
meta-analysis determined the following frequencies of potentially
drug-resistant pathogens: non-glucose-fermenting gram-negative
bacilli (19% [95% CI, 15%-24%] of isolates, with Pseudomonas
species accounting for 13% [95% CI, 10%-17%] and Acineto-
bacter species accounting for 4% [95% CI, 2%-6%]), enteric
gram-negative bacilli (16% [95% CI, 13%-20%] of isolates), S.
aureus (16% [95% CI, 12%-21%] of isolates), MRSA (10%
[95% CI 6%-14%] of isolates), and MSSA (6% of isolates).
There was considerable variation in the rates of isolation of spe-
cific pathogens across studies, but the study year and geographic
area did not account for the variation, with the possible exception
of Acinetobacter species. Acinetobacter species increased in prev-
alence from studies published between 1994 and 1999 to studies
published between 2006 and 2012, and are a more common
cause of HAP in Asia than in Europe and the United States.
One study was not included in the meta-analysis because the
number of observations could not be determined [139]; however,
exclusion of the study was inconsequential as the results of the
study and meta-analysis were concordant.

The systematic review had limitations that should be consid-
ered before applying the findings to clinical practice. There was
significant variation among studies regarding whether or not
patients who were immunosuppressed or did not have a con-
firmed pathogen were included; inclusion of only patients
with positive microbiologic results may bias the data to reflect
the sickest patients, as severely ill patients are more likely to
have positive microbiology and more likely to have infection
with drug-resistant organisms [27, 232, 233]. There was also
variation in the unit of analysis (ie, the patient or the isolate).
Because specific antibiotic sensitivities were not reported in
most studies, the results reflect potentially antibiotic-resistant
organisms, not actual antibiotic resistance rates.

Antimicrobial flora and resistance patterns can vary consid-
erably among countries, regions, hospitals, ICUs within a hos-
pital, and specimen sources (ie, pulmonary vs other specimens)
[32,131,132]. This was illustrated by an observational study that
enrolled 405 patients who were consecutively admitted to the
medical, surgical, or trauma ICU of a large academic medical
center and then followed prospectively for 3 months. There
were significant differences in antibiotic susceptibility among
ICUs for S. aureus, Enterococcus species, Acinetobacter species,
Enterobacter species, Klebsiella species, and Pseudomonas spe-
cies [132]. However, another study found that resistance rates
measured in overall hospital antibiograms are reflected in the
resistance rates found in ICU-acquired infections, although
the frequency of MRSA might be underestimated [133].

Rationale for the Recommendations
To balance the competing goals of providing early appropri-
ate antibiotic coverage and avoiding superfluous treatment
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that may lead to antibiotic resistance and other adverse
consequences, one approach involves preferentially providing
broad antimicrobial therapy to patients with the greatest
need for such therapy, such as those with risk factors for
antimicrobial-resistant pathogens and those in an environ-
ment where antibiotic-resistant pathogens are common
(131, 133].

Identifying patients who are in an environment where anti-
biotic-resistant pathogens are common requires that both local
prevalence and antibiotic resistance patterns be determined.
The distribution of pathogens and antibiotic-resistance patterns
associated with HAP should ideally be determined using local
data from each medical unit, if possible, because antimicrobial
flora and resistance patterns vary considerably among coun-
tries, regions, hospitals, ICUs, and specimen sources. The
guideline panel agreed that the use of local antibiograms to in-
form antibiotic selection is the preferred approach to initiating
early appropriate antibiotic coverage while avoiding superfluous
treatment.

XIl. What Antibiotics Are Recommended for Empiric Treatment of
Clinically Suspected HAP (Non-VAP)?

Recommendations (See Table 4 for Specific Antibiotic
Recommendations)

1. For patients being treated empirically for HAP, we recom-
mend prescribing an antibiotic with activity against S. aureus
(strong recommendation, very low-quality evidence). (See
below for recommendations regarding empiric coverage of
MRSA vs MSSA.)

i. For patients with HAP who are being treated empirically
and have either a risk factor for MRSA infection (ie,
prior intravenous antibiotic use within 90 days, hospitali-
zation in a unit where >20% of S. aureus isolates are meth-
icillin resistant, or the prevalence of MRSA is not known,
or who are at high risk for mortality, we suggest prescrib-
ing an antibiotic with activity against MRSA (weak recom-
mendation, very low-quality evidence). (Risk factors for
mortality include need for ventilatory support due to
HAP and septic shock).

ii. For patients with HAP who require empiric coverage for
MRSA, we recommend vancomycin or linezolid rather
than an alternative antibiotic (strong recommendation,
low-quality evidence).

iii.

=

For patients with HAP who are being treated empirically
and have no risk factors for MRSA infection and are not at
high risk of mortality, we suggest prescribing an antibiotic
with activity against MSSA. When empiric coverage for
MSSA (and not MRSA) is indicated, we suggest a regimen
including piperacillin-tazobactam, cefepime, levofloxacin,
imipenem, or meropenem. Oxacillin, nafcillin, or cefazo-
lin are preferred for the treatment of proven MSSA, but
are not necessary for empiric coverage of HAP if one of

the above agents is used (weak recommendation, very
low-quality evidence).

2. For patients with HAP who are being treated empirically, we
recommend prescribing antibiotics with activity against
P. aeruginosa and other gram-negative bacilli (strong recom-
mendation, very low-quality evidence).

i. For patients with HAP who are being treated empirically
and have factors increasing the likelihood for Pseudomo-
nas or other gram-negative infection (ie, prior intrave-
nous antibiotic use within 90 days; also see Remarks) or
a high risk for mortality, we suggest prescribing antibiot-
ics from 2 different classes with activity against P. aerugi-
nosa (weak recommendation, very low-quality evidence).
(Risk factors for mortality include need for ventilatory
support due to HAP and septic shock). All other
patients with HAP who are being treated empirically
may be prescribed a single antibiotic with activity against
P. aeruginosa.

ii. For patients with HAP who are being treated empirically,
we recommend not using an aminoglycoside as the sole
antipseudomonal agent (strong recommendation, very
low-quality evidence).

Values and Preferences: These recommendations are a
compromise between the competing goals of providing
early appropriate antibiotic coverage and avoiding super-
fluous treatment that may lead to adverse drug effects,
C. difficile infections, antibiotic resistance, and increased
cost.

Remarks: The 20% threshold for deciding whether or not
to target MRSA or MSSA was chosen in an effort to bal-
ance the need for effective initial antibiotic therapy against
the risks of excessive antibiotic use; when implementing
these recommendations, individual units may elect to
modify this threshold. If patient has structural lung dis-
ease increasing the risk of gram-negative infection (ie,
bronchiectasis or cystic fibrosis), 2 antipseudomonal
agents are recommended. A high-quality Gram stain
from a respiratory specimen with numerous and pre-
dominant gram-negative bacilli provides further sup-
port for the diagnosis of a gram-negative pneumonia,
including fermenting and non-glucose-fermenting
microorganisms.

Summary of the Evidence

With respect to whether patients with HAP should be empiri-
cally treated for S. aureus, our meta-analysis of 23 studies de-
scribed above (see section XI) found that MRSA and MSSA
were associated with 10% and 6% of cases of HAP, respectively.
Inadequate initial treatment of S. aureus may be associated with
increased mortality according to an observational study of 165
patients with HAP. The study found that inadequate antibiotic
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therapy was associated with increased total mortality (75% vs
22%; RR, 10.41; 95% CI, 2.01-53.95) and increased mortality
due to pneumonia (50% vs 15.1%; RR, 4.92; 95% CI, 1.31-
18.49) [11]. This study is indirect evidence that failure to ade-
quately target S. aureus increases mortality because the study
identified the causative pathogen in only one-third of cases
and, among the cases in which the pathogen was identified,
<10% were due to S. aureus.

With respect to selection of an antibiotic once the decision is
made to target MRSA, the guideline panel found limited evi-
dence specific to patients with HAP that compared different
regimens. The panel, therefore, decided that the most appropri-
ate evidence to inform its judgments was the comparisons of
various regimens described above for VAP, which found no dif-
ferences in clinical outcomes when vancomycin was compared
to linezolid (see section XV).

With respect to whether patients with HAP should be empir-
ically treated for P. aeruginosa and other gram-negative bacilli,
the meta-analysis of 23 studies described above found that
P. aeruginosa was associated with 13% of cases of HAP, and
other gram-negative bacilli were associated with 22% of cases.
Inadequate initial treatment of P. aeruginosa and other gram-
negative bacilli may be associated with increased mortality
according to the observational study of 165 patients with
HAP described above. [11]. However, this study constitutes in-
direct evidence that failure to adequately target P. aeruginosa
and other gram-negative bacilli increases mortality because
the study identified the causative pathogen in only one-third
of cases; among the cases in which the pathogen was identified,
<50% were due to P. aeruginosa or other gram-negative bacilli.

With respect to whether to use a single antibiotic or 2 anti-
biotics to target P. aeruginosa and other gram-negative bacilli in
HAP, we found limited evidence that addressed this question in
patients with HAP.

With respect to the preferred antibiotic regimen, our system-
atic review identified 10 randomized trials that compared
empiric antibiotic regimens in adult populations in which at
least two-thirds of the patients had HAP rather than VAP
[153,155,177,179,183,214,229,234-236]. Four trials compared
carbapenems to piperacillin-tazobactam [179, 183, 229, 235],
5 trials compared a cephalosporin to various alternative anti-
biotics [177,214,237-239],and 2 compared a new antimicro-
bial (televancin or tigecycline) to an alternative antibiotic
[153, 155]. Our meta-analysis of the 4 trials that compared
carbapenems to piperacillin-tazobactam revealed no differ-
ence in mortality (RR for carbapenems, 0.94; 95% CI, .66-
1.34). The remaining 6 trials could not be pooled; however,
all of the trials found that no specific antimicrobial regimens
demonstrated better outcomes than comparator regimens
with the exception of one trial, which had important limita-
tions and in which the difference may not have been clinically
significant [177].

Given the association of aminoglycoside therapy with adverse
effects in patients with VAP, the panel was concerned that sim-
ilar effects may occur in HAP. Several of the antimicrobial reg-
imens used in the trials included aminoglycosides. Although
side effects were not compared to other regimens, the incidence
of renal failure and vertigo/tinnitus in patients with HAP who
received an aminoglycoside-containing regimen was 3% and
2%, respectively [229, 235].

Although not available in the United States, ceftobiprole is a
new cephalosporin with in vitro activity against common HAP
pathogens, including MRSA, Enterobacter species, and P. aeru-
ginosa. In a study of 781 patients with nosocomial pneumonia,
including 571 with HAP, ceftobiprole had a similar clinical cure
rate and microbiological eradication rate to those of the combi-
nation of ceftazidime and linezolid for HAP (but not VAP). Ad-
junctive antipseudomonal therapy was provided to patients
with suspected or proven Pseudomonas infection [156].

The guideline panel had very low confidence in the following
bodies of evidence: (1) the estimated prevalence of various path-
ogens, because the estimates are based upon a meta-analysis
that included studies with risk of bias; (2) the estimated effects
of inadequate antibiotic therapy on non-mechanically ventilat-
ed patients with HAP due to P. aeruginosa and other gram-
negative bacilli, since the study was an observational study
that was limited by indirectness of the population (the popula-
tion of interest was patients with HAP due to P. aeruginosa and
other gram-negative bacilli, but the population studied was
patients with HAP due to a variety of pathogens) [11]; (3) the
estimated effects of various empiric regimens (including mono-
therapy vs combination therapy) because they were based upon
meta-analyses of randomized trials with risk of bias and very
serious indirectness (the indirectness reflects the fact that the
trials were performed in patients with HAP in different settings
using different protocols and different regimens); (4) the esti-
mated adverse effects of aminoglycosides because they were
not compared to a control group (ie, a case series within a ran-
domized trial [229,235]); (5) the study that evaluated the effects
of inadequate antibiotic therapy on patients with HAP due to
S. aureus, as the study was an observational study that was lim-
ited by indirectness of the population (the population of interest
was patients with HAP due to S. aureus, but the population
studied was patients with HAP due to a variety of pathogens
[11]); and (6) the estimates derived from comparisons of van-
comycin to linezolid because they were determined by a meta-
analyses of randomized trials, which were limited by a risk of
bias and indirectness (see section XV). The indirectness refers
to the meta-analyses including patients with VAP, whereas the
population of interest was patients with HAP.

Rationale for the Recommendations
The evidence indicated that 16% (95% CI, 12%-21%) of HAP
cases are caused by S. aureus. The guideline panel agreed that
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this frequency was sufficient to recommend that all empiric reg-
imens include an antibiotic with activity against S. aureus, par-
ticularly in light of evidence that inadequate treatment of
S. aureus may increase mortality. In other words, the panel
judged that the benefit of potentially decreasing mortality out-
weighs the additional side effects, burdens, and cost of including
an antibiotic with activity against S. aureus. The recommenda-
tion is strong despite the very low quality of evidence because
the panel judged that the upsides of the recommendation are
more important to patients than the downsides and, therefore,
most well-informed patients would want to receive the addi-
tional antibiotic.

The guideline panel agreed that the finding that 10% (95% CI
6%-14%) of HAP cases are attributable to MRSA was insuffi-
cient justification to use an antibiotic that targets MRSA in all
patients with HAP. Factors that the panel considered included
the following: HAP patients tend to be less severely ill than VAP
patients and, therefore, the negative consequences of initial in-
appropriate antibiotic therapy are likely less severe than with
VAP patients [92, 219, 222]; culture data are often not obtained
in patients with HAP because adequate sputum samples can be
difficult to obtain and, therefore, clinicians are likely to continue
the initial broad-spectrum antibiotic regimen for the entire
course of therapy as there are no culture data to support de-
escalation; and lack of de-escalation increases the likelihood of
acquiring antibiotic resistance.

Instead, the panel agreed that empiric coverage of MRSA
should be reserved for patients with HAP who have either fac-
tors increasing the likelihood for MRSA infection or a high risk
for mortality. Our analyses revealed intravenous antibiotic treat-
ment during the prior 90 days as a risk factor for MRSA noso-
comial pneumonia. Other factors that probably increase
likelihood of MRSA pneumonia include prior known MRSA
colonization detected via nasal or respiratory cultures or non-
culture screening [45,190] and a high-quality Gram stain show-
ing numerous and predominant gram-positive cocci in clusters
with the morphology of Staphylococcus species [187,240]. Hos-
pitalization in a unit where >20% of S. aureus isolates are meth-
icillin resistant or the prevalence of MRSA is not known
increases a priori the risk of MRSA compared with hospitals
where MRSA is known to be rare. The 20% threshold for decid-
ing whether or not to target MRSA or MSSA was arbitrarily
chosen by the panel in an attempt to balance the need for effec-
tive initial antibiotic therapy against the risks of excessive anti-
biotic use. A high risk for mortality was defined by the guideline
panel as requiring ventilatory support due to pneumonia and
having septic shock.

The guideline panel prefers vancomycin or linezolid for pa-
tients whose empiric antibiotic regimen will include an agent
that targets MRSA. This is based upon extensive clinical expe-
rience with these agents and the effects of these agents in pa-
tients with VAP. Because the effects of vancomycin and

linezolid on clinical outcomes are similar, the final choice
rests upon factors such as blood cell counts, concurrent pre-
scriptions for serotonin-reuptake inhibitors, renal function,
and cost.

Patients with HAP who have no risk factors for either MRSA
infection or a poor clinical outcome may receive an empiric reg-
imen that includes an antibiotic targeting MSSA. Of note, some
agents that may be included in empiric regimens for HAP due
to their activity against P. aeruginosa and gram-negative bacilli
are also suitable for empiric coverage against MSSA. These in-
clude piperacillin-tazobactam, cefepime, levofloxacin, imipe-
nem, and meropenem. An empiric antimicrobial regimen that
includes one of these agents does not require an additional
agent to target MSSA. If infection with MSSA alone is con-
firmed, oxacillin, nafcillin, and cefazolin are narrow-spectrum
intravenous antibiotics that are optimal for treating MSSA.

The evidence indicated that approximately 35% of HAP cases
are caused by gram-negative bacilli. The panel agreed that this
high prevalence, combined with the possibility that inadequate
treatment increases mortality, dictates that all empiric regimens
target P. aeruginosa and other gram-negative bacilli. In other
words, the panel judged that the benefit of potentially decreas-
ing mortality outweighs the side effects, burdens, and cost of
targeting P. aeruginosa and other gram-negative bacilli. The rec-
ommendation is strong despite the very low quality of evidence,
because the panel judged that the upsides of the recommenda-
tion are more important to patients than the downsides and,
therefore, most well-informed patients would want antibiotics
with activity against P. aeruginosa and other gram-negative
bacilli.

With respect to whether the empiric regimen should include
one antibiotic or 2 antibiotics with activity against P. aerugino-
sa, the guideline panel considered indirect evidence from pa-
tients with VAP. Similar to its decision making with VAP, the
panel was concerned about applying this evidence to all patients
with HAP because most of the studies excluded patients at in-
creased risk for resistant pathogens. It was the panel’s impres-
sion that the data are most applicable to patients who are at low
risk for resistant pathogens or in whom resistant pathogens
have been excluded. The panel concluded that patients with
HAP with factors increasing the likelihood of gram-negative in-
fection, including Pseudomonas, or increased risk for mortality
should receive antibiotics from 2 different classes with activity
against P. aeruginosa, whereas patients without these factors
should receive only one such antibiotic. The panel agreed that
this approach was an appropriate balance between the compet-
ing goals of providing early appropriate antibiotic coverage to
improve clinical outcomes such as mortality while avoiding
superfluous treatment that may lead to antibiotic resistance,
side effects, and increased cost.

Factors likely increasing the probability of gram-negative in-
fection, including Pseudomonas, are a high-quality Gram stain
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from a respiratory specimen with numerous and predominant
gram-negative bacilli [240], and having structural lung disease
that is associated with Pseudomonas infection (ie, bronchiecta-
sis and cystic fibrosis). Risk factors for mortality include the re-
quirement for ventilatory support due to pneumonia and
having septic shock.

This approach will likely decrease the number of patients
with HAP for whom 2 antibiotics with activity against P. aeru-
ginosa would be recommended for initial empiric therapy, com-
pared with the recommendations from the 2005 ATS/IDSA
HAP/VAP guidelines [1]. The panel agreed that this change is
warranted, particularly in light of the growing prevalence of
C. difficile induced by antibiotics, the public health concerns re-
lated to increasing antibiotic resistance, and the dearth of new
antibiotics. The evidence suggests that non-glucose-fermenting
gram-negative bacilli (eg, Pseudomonas and Acinetobacter) and
enteric gram-negative bacilli account for 19% (95% CI, 15%-
24%) and 16% (95% CI, 13%-20%), respectively, of cases of
HAP. This means that even in a hospital with a high rate of
antibiotic resistance (eg, 20% for non-glucose-fermenting
gram-negative bacilli and 10% for enteric gram-negative
bacilli), the rate of HAP caused by antibiotic-resistant gram-
negative bacilli will be approximately 5%. Thus, gram-negative
monotherapy would be expected to be adequate for 95% of
patients with HAP. Of course, in hospitals with a high rate
of antibiotic resistance to the agent being considered for
monotherapy, the use of 2 antipseudomonal agents should
be considered.

The panel elected to not recommend a specific antibiotic
class to target P. aeruginosa and other gram-negative bacilli
due to the lack of evidence that any regimen is superior to an-
other. The only exceptions are the aminoglycosides. The panel
chose to recommend against aminoglycosides in most situa-
tions because of the poor lung penetration and risk of nephro-
toxicity and ototoxicity in the absence of improved outcomes in
patients with HAP, coupled with the indirect evidence from pa-
tients with VAP of inferior clinical outcomes and increased ad-
verse effects.

Patients with early-onset HAP (variably defined as pneu-
monia occurring within 4-7 days of hospital admission)
have a lower rate of MDR pneumonia than patients with
late-onset HAP [228]. Still, a number of patients with early-
onset HAP are infected with MDR pathogens [228,241], prob-
ably because many have risks for resistant pathogens, such as
prior receipt of intravenous antibiotics. Thus, the panel did
not recommend different antibiotic regimens for early-onset
HAP, preferring to address the specific risk factors that confer
increased risk in patients independent of the timing of the
HAP.

Although not available in the United States, ceftobiprole may
be an option for HAP monotherapy where it is available, given
the results of the study described above [156].

PHARMACOKINETIC/PHARMACODYNAMIC
OPTIMIZATION OF ANTIBIOTIC THERAPY

XIll. Should Antibiotic Dosing Be Determined by PK/PD Data or the
Manufacturer's Prescribing Information in Patients With HAP/VAP?
Recommendation

1. For patients with HAP/VAP, we suggest that antibiotic dos-
ing be determined using PK/PD data, rather than the manu-
facturer’s prescribing information (weak recommendation,
very low-quality evidence).

Values and Preferences: This recommendation places a high
value on improving clinical outcome by optimization of ther-
apy; it places a lower value on burden and cost.

Remarks: PK/PD -optimized dosing refers to the use of an-
tibiotic blood concentrations, extended and continuous infu-
sions, and weight-based dosing for certain antibiotics.

Summary of the Evidence

Our systematic review identified 3 randomized trials [242-
244] and 4 observational studies [245-248] that measured
the effects of PK/PD-optimized dosing (ie, dosing guided by
therapeutic drug monitoring or extended continuous intrave-
nous infusion) on clinical outcomes. A meta-analysis of 3
studies (one randomized trial [244] and 2 observational stud-
ies [246, 248]) determined that PK/PD-optimized dosing re-
duced both mortality (12% vs 24%; RR, 0.49; 95% CI,
.34-.72) and the ICU length of stay (mean difference, —2.48
days; 95% CI, —3.09 to —1.87 days). A meta-analysis of 5 stud-
ies (2 randomized trials [242,243] and 3 observational studies
[246-248]) found that PK/PD-optimized dosing improved the
clinical cure rate (81% vs 64%; RR, 1.40; 95% CI, 1.16-1.69).
These benefits from PK/PD optimization have also been de-
tected during the treatment of infections other than HAP/
VAP [249].

PK/PD targets associated with improved clinical outcomes
have been reported in observational studies. Generally speaking,
the PK/PD targets reported for quinolones and aminoglyco-
sides are fairly consistent, whereas the PK/PD targets reported
for B-lactams are highly variable.

The guideline panel’s confidence in the estimated effects on
mortality, ICU length of stay, and clinical cure rate in patients
with HAP/VAP was very low, because most of the studies in-
cluded in the meta-analyses were observational studies with a
risk of bias due to the excess influence of one observational
study [248]. In the mortality and ICU length-of-stay meta-
analyses, the study contributed 638 of 741 patients (86%),
and in the clinical cure rate meta-analysis, the study contrib-
uted 638 of 908 patients (70%). In addition, the evidence is in-
direct for any specific class of antibiotics or any specific
approach to PK/PD optimization, as several antibiotic classes
and dosing strategies (eg, extended or continuous infusion
[242-244, 246, 247] and monitoring serum concentrations
[245, 248]) were included in the studies in the meta-analyses.
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Finally, the meta-analysis for clinical cure was also limited by
inconsistency.

Rationale for the Recommendation

The guideline panel carefully weighed the potential advantages
of PK/PD-optimized dosing (decreased mortality, decreased
ICU length of stay, and increased clinical cure rate) against
the potential downsides (more burdensome and costly, possibly
more toxicity among patients who require higher doses due to
augmented clearance). In addition, the panel considered the
possibility that the increased clinical cure rate might lead to
shorter courses of antibiotics and, subsequently, less antibiotic
toxicity and less antibiotic resistance. On the basis of this infor-
mation, the panel decided that patients with HAP/VAP should
have PK/PD-optimized dosing of their antimicrobial regimens,
rather than simply following the dosing described in the man-
ufacturer’s prescribing information. The panel agreed that the
potential benefits were far more important to patients than
the inconveniences and costs associated with the approach,
and agreed that their low confidence in the estimated effects
of PK/PD-optimized dosing was insufficient to justify an alter-
native approach.

The rationale for using PK/PD-optimized dosing rather than
following the manufacturer’s prescribing information is sound.
The distribution of many antibiotics can be severely altered by
pathophysiological changes that are common to critically ill pa-
tients, leading to altered pharmacokinetics [250]. Because the
ICU is also commonly associated with less susceptible patho-
gens, the likelihood of standard antibiotic dosing achieving de-
sired PK/PD targets is probably reduced in critically ill patients,
which may partially explain suboptimal clinical outcomes ob-
served in HAP/VAP [251, 252].

PK/PD-optimized dosing is probably more burdensome and
costly than conventional dosing. As an example, the most accu-
rate approach to dosing in patients with HAP/VAP requires
measurement of the blood concentration of the antibiotic and
then incorporation of the result into a dosing software package
[253]. Costs and burdens include education, blood sampling,
performing the drug assay, and acquiring and updating the soft-
ware. Alternative interventions, such as routine extended infu-
sions of B-lactams or weight-based dosing of aminoglycosides,
are probably less burdensome and costly than management
using the blood concentration of antibiotics, but still more bur-
densome than conventional dosing, because clinical staff must
be trained and educated.

No published studies describing the PK/PD of piperacillin-
tazobactam or polymyxins (colistin or polymyxin B) in patients
with HAP/VAP are available at this time and so these drugs
were not included in this recommendation. However, the
most optimal dosing of these drugs, based on limited evidence
and extrapolation from similar drug classes, is provided in
Table 3 (see section X).

More recently, the Agency for Healthcare Research and Qual-
ity (AHRQ) published a report on the use of PK/PD for HAPs,
which concluded that the evidence does not favor the routine
use of PK/PD [254]. This contrasts with our guideline recom-
mendation. We suggest that the reasons for the different conclu-
sions between the AHRQ report and ours are related to the
following: (1) We used a distinct research question where we
consolidated the studied issue into a singular PICO question,
rather than 3 questions that were considered separately in the
AHRQ report; (2) given this difference from the AHRQ meth-
ods, we were able to use the meta-analytic methodology to an-
alyze the combined effects of studies, which may have given
further confidence for interpreting the relative effects of identi-
fied studies; and (3) the ATS/IDSA guideline also evaluated
noninterventional studies that analyzed patient outcomes asso-
ciated with optimized drug exposure; these studies were not
evaluated by the AHRQ report.

ROLE OF INHALED ANTIBIOTIC THERAPY

XIV. Should Patients With VAP Due to Gram-Negative Bacilli Be Treated
With a Combination of Inhaled and Systemic Antibiotics, or Systemic
Antibiotics Alone?

Recommendation

1. For patients with VAP due to gram-negative bacilli that are
susceptible to only aminoglycosides or polymyxins (colistin
or polymyxin B), we suggest both inhaled and systemic anti-
biotics, rather than systemic antibiotics alone (weak recom-
mendation, very low-quality evidence).

Values and Preferences: This recommendation places a high
value on achieving clinical cure and survival; it places a lower
value on burden and cost.

Remarks: It is reasonable to consider adjunctive inhaled an-
tibiotic therapy as a treatment of last resort for patients who
are not responding to intravenous antibiotics alone, whether
the infecting organism is or is not MDR.

Summary of the Evidence
Our systematic review identified 9 studies of inhaled antibiotics
as adjunctive therapy for VAP due to gram-negative bacilli. Five
of the studies were randomized trials and 4 were observational
studies [125, 255-262]. Three different inhaled antibiotics were
administered in the 9 investigations—tobramycin, gentamicin,
and colistin. Most of the studies provided minimal information
about the device and method used to deliver the inhaled antibi-
otic. The predominant organisms isolated in the studies were
MDR Klebsiella pneumoniae, P. aeruginosa, and A. baumannii.
Our meta-analyses found that the addition of an inhaled an-
tibiotic to a systemic antibiotic regimen improved the clinical
cure rate (ie, resolution of signs and symptoms of respiratory
infection) (RR, 1.29; 95% CI, 1.13-1.47), but had no definitive
effects on mortality (RR, 0.84; 95% CI, .63-1.12) or nephrotox-
icity (RR, 1.11; 95% ClI, .78-1.57). There were no other harmful
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effects attributed to the inhaled antibiotics. When only the trials
that evaluated colistin were pooled, the clinical cure rate similar-
ly improved (RR, 1.28; 95% CI, 1.11-1.47).

Several outcomes were reported by a few studies. One trial
found that inhaled antibiotics reduced the frequency of requir-
ing additional intravenous antibiotics [125]. Two studies looked
for, but did not find, increased antibiotic resistance among pa-
tients who received an adjunctive inhaled antibiotic [125, 256].
Two studies reported that inhaled colistin reduces the duration
of mechanical ventilation [260, 261]. The effects of adjunctive
inhaled antibiotics on the ICU length of stay and hospital length
of stay were not evaluated.

The panel’s confidence in the estimated effects of adjunctive
inhaled antibiotics was very low because a large proportion of
the evidence used to derive the estimates was observational
data limited by imprecision (ie, most of the studies were
small, with the largest study including 208 patients).

Rationale for the Recommendation

The guideline panel weighed the evidence for advantages of ad-
junctive inhaled antibiotic therapy in patients with VAP due to
gram-negative bacilli (increased clinical cure rate) against the
potential downsides (increased burden and cost) in the context
of no proven effects on mortality, side effects, or antibiotic re-
sistance. The panel agreed that the potential benefits were more
important to patients than inconvenience and cost. However,
the panel acknowledged having very low confidence in the esti-
mated effects of adjunctive inhaled antibiotic therapy and rec-
ognized that there are many important unknowns (eg, optimum
dosing, optimum delivery method, population most likely to
benefit). For these reasons, the panel elected to recommend ad-
junctive inhaled antibiotic therapy for patients who are most
likely to benefit: specifically, those who have VAP caused by bac-
teria that are only susceptible to the classes of antibiotics for
which evidence of efficacy by the intravenous alone route is
the most limited (ie, aminoglycosides or colistin). However,
the panel also believes that it is reasonable to consider adjunc-
tive inhaled antibiotic therapy as a treatment of last resort for
patients who are not responding to intravenous antibiotics
alone, whether the infecting organism is or is not MDR.

The rationale for adjunctive inhaled antibiotic therapy is
based in part upon the observation that antibiotic efficacy
against bacteria within purulent secretions may require anti-
biotic concentrations >10-25 times the minimum inhibitory
concentration (MIC); these levels cannot be achieved with in-
travenous therapy alone and, therefore, the addition of inhaled
antibiotic therapy may be beneficial [263]. The finding of low
antibiotic concentrations in the secretions and epithelial lining
fluid of the lung during intravenous therapy with aminoglyco-
sides is well known [264-266]. However, it also occurs with
other antibiotics and its correlation with clinical outcomes re-
mains unknown. Studies of high-dose intravenous colistin

have shown that the concentration in the serum is approximately
the MIC of Acinetobacter and Pseudomonas [267,268]; concentra-
tions in the lung and airway are lower and, therefore, subtherapeu-
tic. The ongoing use of antibiotics at subtherapeutic levels may
lead to the selection of antibiotic-resistant organisms.

Research Needs

There is an urgent need for information about the optimal delivery
and dosing of inhaled antibiotic therapy. In addition, clinical trials
are needed that evaluate the concentrations of antibiotics that en-
sure efficacy in the context of viscous purulent secretions. The du-
ration of systemic antibiotic therapy and antibiotic resistance are
important endpoints for future studies. If future investigations
demonstrate that adjunctive inhaled therapy decreases the duration
of systemic antibiotics and lessens the emergence of resistance, this
could have a relevant impact on treatment decisions.

PATHOGEN-SPECIFIC THERAPY

XV. What Antibiotics Should Be Used for the Treatment for MRSA
HAP/VAP?
Recommendation

1. We recommend that MRSA HAP/VAP be treated with ei-

ther vancomycin or linezolid rather than other antibiotics
or antibiotic combinations (strong recommendation, moder-
ate-quality evidence).
Remarks: The choice between vancomycin and linezolid may
be guided by patient-specific factors such as blood cell
counts, concurrent prescriptions for serotonin-reuptake in-
hibitors, renal function, and cost.

Summary of the Evidence

Our systematic review identified 7 randomized trials that ad-
dressed the selection of antibiotics for HAP/VAP caused by
MRSA [153,269-274]. Four trials compared linezolid to vanco-
mycin [271-274]. The remaining 3 trials compared telavancin
[153], quinupristin plus dalfopristin [269], or vancomycin
plus rifampin [270] to vancomycin alone.

Linezolid is the most extensively studied alternative to vanco-
mycin for MRSA pneumonia [271-274]. Our meta-analyses of
the 4 trials found no difference in mortality when analyzed
using an intention-to-treat strategy (RR, 0.91; 95% CI, .71-
1.16) or a modified intention-to-treat strategy (RR, 0.82; 95%
CI, .37-1.80). We also found no difference in the clinical cure
rate when analyzed using an intention-to-treat strategy; howev-
er, there was improvement of the clinical cure rate among pa-
tients who received linezolid when analyzed using a modified
intention-to-treat strategy (RR, 1.18; 95% CI, 1.00-1.40). Use
of a modified intention-to-treat analysis is controversial because
it involves excluding patients following randomization [275].
Linezolid and vancomycin appear to confer no clear difference
in nephrotoxicity, thrombocytopenia, serious adverse events, or
need for treatment discontinuation due to an adverse event.
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None of the other trials demonstrated a clear superiority of
an alternative antibiotic or regimen over vancomycin alone.
The study that compared telavancin to vancomycin combined
2 smaller trials that were conducted in patients with gram-pos-
itive nosocomial pneumonia. In the combined population of
1503 patients, there were no differences in clinical cure rate,
mortality, or adverse effects, although there was a trend toward
increased all-cause mortality with telavancin in one of the com-
ponent studies (21.5% vs 16.6%; mean difference, 4.9%; 95% CI,
—.7% to 10.6%) [153]. This primarily occurred among patients
with creatinine clearance values <30 mL/minute, prompting an
FDA advisory panel to recommend limiting the use of telavan-
cin to patients with creatinine clearance levels above this thresh-
old [276]. Increases in serum creatinine were more common in
the telavancin group (16% vs 10%) [153].

A nonblinded trial that compared quinupristin plus dalfo-
pristin to vancomycin in 298 patients with gram-positive nos-
ocomial pneumonia found similar clinical response rates in
both treatment groups. This was also true for the subgroup
of 51 patients with MRSA pneumonia [269]. Another non-
blinded trial compared vancomycin plus rifampin to vancomy-
cin alone in 83 patients with MRSA nosocomial pneumonia
[270]. It found that vancomycin plus rifampin increased the
14-day clinical cure rate and decreased the 60-day mortality
rate, but had no effect on 28-day mortality. Of note, 34.1% of
the patients who were treated with rifampin developed resis-
tance to the antibiotic [270]. Although this trial did not report
significant adverse effects, other studies have reported an asso-
ciation of rifampin with hepatotoxicity, acute renal failure, and
hemolytic anemia [277].

Two randomized clinical trials evaluated teicoplanin vs van-
comycin or linezolid for gram-positive infections [151, 152].
However, multiple sites of infection were included in both stud-
ies and small numbers of patients with pneumonia were evalu-
ated, and a small number of patients with documented MRSA
pneumonia were evaluated. Thus, more evidence is needed to
define the clinical role of teicoplanin in patients with HAP/VAP.

Taken together, the evidence suggests that there are no im-
portant differences among the antibiotics available to treat
HAP/VAP due to MRSA with 2 exceptions: vancomycin plus
rifampin may improve the short-term clinical cure rate at the
expense of more rifampin resistance and possibly other side ef-
fects, and telavancin may be harmful in the setting of a creati-
nine clearance <30 mL/minute. Our confidence in the accuracy
of these estimated effects was diminished by risk of bias, which
included lack of blinding, ineffective randomization (ie, baseline
differences), missing data, failure to follow an intention-to-treat
analysis, and protocols that allowed outcomes to be overridden
“by the sponsor . . . all revisions were made before unblinding”
[274, 278]. It was also decreased by indirectness of the popula-
tion, as our population of interest was patients with HAP/VAP
due to MRSA but many of the trials enrolled patients with

HAP/VAP due to a variety of gram-positive organisms or pa-
tients with healthcare-associated non-HAP/VAP pneumonia.
The panel decided that its overall confidence in the evidence
was moderate, electing to downgrade due to the serious risk
of bias, but not the indirectness.

There has been concern related to the potential phenomenon
known as “MIC creep,” referring to reports of a trend of increas-
ing vancomycin MICs among MRSA isolates in some institutions
[279,280]. This has not been a universal phenomenon, and sur-
veillance studies from different countries have not demonstrated
such an overall increase; in general, MRSA isolates with interme-
diate vancomycin MICs remain uncommon [281-285]. Further-
more, although there are theoretical reasons for concern when
treating MRSA pneumonia if the isolate has intermediate
MICs, there is evidence that outcomes are not worse in such pa-
tients [286-288]. As with any other organism defined as interme-
diate to the selected antibiotic, a lack of clinical improvement
despite appropriate antibiotic dosing and duration should
prompt consideration of a change in antibiotic therapy.

Rationale for the Recommendation
The evidence indicates that vancomycin and linezolid are roughly
equivalent, and no alternative agent or regimen is clearly superior
to vancomycin or linezolid; additionally, alternative regimens may
be more harmful. Given these observations, the guideline panel
had a high level of confidence that the benefit-risk ratio of
using vancomycin or linezolid to treat patients with HAP/VAP
caused by MRSA is higher than the ratio for alternative regimens.
While a difference in nephrotoxicity risk between vancomy-
cin and linezolid was not identified using the measure of abso-
lute risk difference, there was an increased RR of nephrotoxicity
associated with vancomycin compared with linezolid. The lack
of double-blinding in about half of the randomized studies may
have led to ascertainment bias with respect to nephrotoxicity,
which could have favored linezolid. It should be noted that a va-
riety of definitions for nephrotoxicity were used across studies
and that there were no differences in terms of serious adverse
events, or need for treatment discontinuation between the 2 an-
tibiotics. Nonetheless, based on observational evidence, the se-
lection of vancomycin vs linezolid may depend upon factors
such as blood cell counts, concurrent prescriptions for seroto-
nin-reuptake inhibitors, renal function and cost. The panel
agrees with a prior consensus recommendation to achieve a
vancomycin trough level of 15-20 mg/L in patients being treat-
ed for pneumonia [289], although the panel did not review the
related evidence systematically.

XVI. Which Antibiotic Should Be Used to Treat Patients With HAP/VAP
Due to P. aeruginosa?
Recommendations

1. For patients with HAP/VAP due to P. aeruginosa, we recom-
mend that the choice of an antibiotic for definitive (not em-
piric) therapy be based upon the results of antimicrobial
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susceptibility testing (strong recommendation, low-quality
evidence).

2. For patients with HAP/VAP due to P. aeruginosa, we recom-

mend against aminoglycoside monotherapy (strong recom-
mendation, very low-quality evidence).
Remarks: Routine antimicrobial susceptibility testing should
include assessment of the sensitivity of the P. aeruginosa
isolate to polymyxins (colistin or polymyxin B) in set-
tings that have a high prevalence of extensively resistant
organisms.

Summary of the Evidence

Our systematic review identified no RCTs that compared anti-
biotic regimens in patients with HAP/VAP caused by P. aerugi-
nosa. The panel therefore considered 2 bodies of evidence:
evidence from randomized trials that compared antibiotic reg-
imens in patients with HAP/VAP due to any pathogen, and ev-
idence from subgroup analyses on patients with HAP/VAP
caused by P. aeruginosa.

With respect to studies that compared antibiotic regimens in
patients with HAP/VAP due to any pathogen, a systematic re-
view of 41 randomized trials found that no specific antimicro-
bial regimen decreased mortality and treatment failure more
than any other regimen [290], and 33 randomized trials
found that no specific antimicrobial regimen improved a variety
of clinical outcomes more than any other regimen [155-183,
229, 291-293]. The panel’s confidence in applying these esti-
mated effects to the clinical question was low because they are
derived from randomized trials limited by risk of bias (ie, many
trials were not blinded) and indirectness (ie, the question is spe-
cific to patients with HAP/VAP caused by P. aeruginosa, but the
studies were conducted with patients who had HAP/VAP due to
any pathogen).

The prevalence of antibiotic resistance among patients with
HAP/VAP due to P. aeruginosa is high. An observational
study of 314 patients with VAP caused by P. aeruginosa deter-
mined that susceptible, MDR, and extensively drug-resistant
P. aeruginosa represented 54%, 32%, and 14% of P. aeruginosa
isolates, respectively [294]. In another observational study of 91
episodes of VAP caused by P. aeruginosa, it was found that sus-
ceptible, MDR, and extensively drug-resistant P. aeruginosa
represented 34%, 20%, and 46% of P. aeruginosa isolates, re-
spectively [295]. Antibiotic resistance has been associated with
an increased ICU length of stay, but not mortality or recurrence
of HAP/VAP; however, the lack of statistical power is a common
issue with the published evidence [294]. Mortality due to HAP/
VAP is more closely associated with severity of illness than an-
tibiotic resistance [296].

With respect to studies that performed subgroup analyses on
patients with HAP/VAP caused by P. aeruginosa, the evidence is
probably best understood by considering each antibiotic class
separately. A review of 36 RCTs confirmed that it was only

possible to perform this analysis for the carbapenem antibiotic
class, due to lack of comparative studies within a specific anti-
biotic class or lack of specific data for the P. aeruginosa sub-
group for fluoroquinolones and B-lactams.

Doripenem: Three randomized trials were identified that com-
pared doripenem to other antibiotic regimens in a subgroup of
patients with P. aeruginosa [157, 158, 179]. The comparisons
were to either imipenem [157, 158] or piperacillin-tazobactam
[179]. We pooled the subgroup analyses and found no signifi-
cant differences between doripenem and the other regimens
in terms of mortality (28% vs 21%; RR, 1.07; 95% CI, .49-
2.35) and treatment failure rate (45% vs 63%; RR, 0.76; 95%
CI, .40-1.42). The panel’s confidence in these estimated effects
was very low because they are derived from randomized trials
limited by risk of bias (ie, many trials were unblinded), incon-
sistency (ie, I” test for heterogeneity >25%), and imprecision (ie,
few events and wide CIs). In addition, the doripenem FDA label
was recently modified due to this drug’s association with in-
creased risk of death in patients with VAP due to P. aeruginosa
[297].

Imipenem: We identified a published systematic review of 20
randomized trials that compared imipenem to an alternative
antibiotic in patients with P. aeruginosa [298]. Patients who re-
ceived imipenem had a lower clinical cure rate (45% vs 75%; RR,
0.60; 95% CI, .48-.75) and microbiological cure rate (48% vs
53%; RR, 0.91; 95% CI, .73-1.13) than patients who received
an alternative antibiotic. Among patients who received imipe-
nem, antibiotic resistance increased from 15% to 39%; among
patients who received an alternative antibiotic, antibiotic resis-
tance increased from 2.5% to 22%. The panel’s confidence in
these estimated effects was low because they are derived from
randomized trials limited by risk of bias (ie, many trials were
unblinded) and imprecision (ie, few events).

Other carbapenems: We identified a published systematic re-
view of 12 randomized trials that compared a carbapenem
(alone or in combination with an aminoglycoside) to an alter-
native antibiotic in patients with P. aeruginosa [299]. Most of
the trials compared a carbapenem to either a fluoroquinolone
or a B-lactam. Our meta-analyses found that patients treated
with a carbapenem had a lower treatment success rate (6 ran-
domized trials: OR, 0.42; 95% CI, .22-.82) [159, 161, 169, 183,
300, 301], a lower eradication rate (7 randomized trials: OR,
0.50; 95% CI, .24-.89) [159, 161, 169, 173, 183, 299, 300], and
a higher incident antibiotic resistance rate (4 randomized trials:
OR, 5.17; 95% CI, 1.96-13.65) [173, 291, 293, 301]. Exceptions
to the lower eradication rate existed when the carbapenem was
meropenem (3 randomized trials: OR, 1.10; 95% CI, .39-3.14)
[159,161,300]. The panel’s confidence in these estimated effects
was very low because they are derived from randomized trials
limited by risk of bias (ie, many trials were unblinded), incon-
sistency (ie, low I” test for heterogeneity), and imprecision
(ie, few events). Ertapenem has no or limited activity against
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P. aeruginosa and is therefore not recommended for treatment
of pneumonia due to this organism.

Aminoglycosides: Our systematic review identified no recent
trials comparing aminoglycoside monotherapy to other antimi-
crobial regimens in HAP/VAP and, therefore, there were no data
related to the effects of such therapy in patients with HAP/VAP
due to P. aeruginosa.

Rationale for the Recommendations

The evidence synthesis failed to identify an antipseudomonal
agent that is clearly preferable to the others, due to either greater
benefit or less harm. Thus, the panel did not recommend a pre-
ferred antibiotic regimen for patients with confirmed HAP/VAP
caused by P. aeruginosa. Some of the outcomes described above
suggest that imipenem may have outcomes that are inferior to
other regimens (ie, a lower cure rate); however, the panel’s con-
fidence in these results was so low that it was unwilling to sug-
gest not using this agent.

The panel recognized that as many as two-thirds of patients
with HAP/VAP caused by P. aeruginosa have antibiotic resistance
and that the prevalence of antibiotic resistance is widely variable.
This variability was the primary reason that the panel agreed that
antibiotic choices should be based upon antimicrobial susceptibil-
ity testing. The benefits of this approach include assurance that
the patient is being treated with an antibiotic with activity against
the pathogen, while the downsides are the costs, burdens, and de-
lays associated with testing. The recommendation is strong despite
the low quality of evidence because the panel agreed that the im-
portance of avoiding ineffective therapy (ie, potential for harms
without benefits) far outweighs the costs, burdens, and time for
antibiotic susceptibility testing.

The aminoglycosides are the only exceptions with regard to the
panel not making a recommendation for or against a specific an-
tibiotic class in HAP/VAP due to P. aeruginosa. The panel chose
to recommend against aminoglycoside monotherapy for 2 rea-
sons. First, aminoglycosides penetrate the lung poorly; therefore,
high peak serum concentrations are necessary to obtain microbi-
ologically active concentrations in the alveoli, which increases the
risk of nephrotoxicity and ototoxicity [266, 302, 303]. Studies have
found no detectable antipseudomonal activity within bronchial
secretions despite therapeutic aminoglycoside levels in the
serum of patients with Pseudomonas pulmonary infection
[304]. Second, there is a lack of studies evaluating the effects of
aminoglycoside monotherapy in HAP/VAP.

Occasionally, routine antimicrobial susceptibility testing
identifies no antibiotics to which P. aeruginosa is susceptible.
Intravenous polymyxins (colistin or polymyxin B) [305-310]
may be an option for the treatment of such extensively resistant
P. aeruginosa [184]. For this reason, the panel agreed that poly-
myxin susceptibility should be routinely assessed for Pseudomo-
nas isolates in settings with a high prevalence of extensively
resistant organisms.

Research Needs

There is a lack of trials that enrolled patients with HAP/VAP
caused by P. aeruginosa and compared antibiotic regimens,
and subgroup analysis from trials that enrolled patients with
HAP/VAP caused by any pathogen are limited by the small
sizes of the subgroups. There is an urgent need for multicenter
trials that enroll patients with HAP/VAP caused by P. aerugino-
sa and then evaluate the benefits and harms of various antibi-
otic regimens. Such trials should measure mortality, treatment
failure, side effects, and antibiotic resistance as outcomes, and
should control for variables such as severity of illness, bactere-
mia, organ failure, and aminoglycoside use.

XVII. Should Monotherapy or Combination Therapy Be Used to Treat
Patients With HAP/VAP Due to P. aeruginosa?
Recommendations

1. For patients with HAP/VAP due to P. aeruginosa who are
not in septic shock or at a high risk for death, and for
whom the results of antibiotic susceptibility testing are
known, we recommend monotherapy using an antibiotic to
which the isolate is susceptible rather than combination ther-
apy (strong recommendation, low-quality evidence).

2. For patients with HAP/VAP due to P. aeruginosa who re-
main in septic shock or at a high risk for death when the re-
sults of antibiotic susceptibility testing are known, we suggest
combination therapy using 2 antibiotics to which the isolate
is susceptible rather than monotherapy (weak recommenda-
tion, very low-quality evidence).

3. For patients with HAP/VAP due to P. aeruginosa, we recom-

mend against aminoglycoside monotherapy (strong recom-
mendation, very low-quality evidence).
Remarks: High risk of death in the meta-regression analysis
was defined as mortality risk >25%; low risk of death is defined
as mortality risk <15%. For a patient whose septic shock
resolves when antimicrobial sensitivities were known, contin-
ued combination therapy is not recommended.

Summary of the Evidence

Our systematic review identified one published systematic re-
view [290] and 7 randomized trials [159, 161, 162, 170, 171,
181, 311] that compared monotherapy to combination therapy
in the treatment of HAP/VAP due to any pathogen. The pub-
lished systematic review included 41 randomized trials (7015
patients) [290]. HAP/VAP caused by P. aeruginosa represented
13.8% of cases. Our meta-analysis of trials that reported mortal-
ity determined that combination therapy offered no benefit be-
yond monotherapy (RR, 0.94; 95% CI, .76-1.16); similarly, a
meta-analysis of trials that reported the treatment failure rate
determined that combination therapy was not associated with
a lower rate of treatment failure than monotherapy. Among
the 7 randomized trials, 5 trials found that patients treated
with combination therapy and monotherapy had similar
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clinical outcomes which, depending upon the study, included
mortality, clinical treatment success, microbiological treatment
success, and ICU and hospital length of stay [159,161, 162,170,
171, 181, 311]. Two trials, however, demonstrated superior out-
comes among those who received carbapenem monotherapy
compared with those who received combination therapy [159,
161]. The different findings in these trials might be attributable
to the combination of the broad spectrum of carbapenems and
increased nephrotoxicity due to aminoglycoside-containing
combination therapy.

Taken together, the efficacy information provided by the sys-
tematic review and most randomized trials was remarkably sim-
ilar, finding no differences between monotherapy and
combination therapy for mortality, treatment failure, ICU and
hospital length of stay, duration of mechanical ventilation, and
acquisition of resistance. The panel’s confidence that these esti-
mates apply to the clinical question was low because there was a
risk of bias (many trials were unblinded) and because the trials
enrolled patients with HAP/VAP due to any pathogen. The lat-
ter introduces indirectness of the population, as the clinical
question was about patients with HAP/VAP due to P. aerugino-
sa, but only 6%-23% of the population in the trials had HAP/
VAP due to P. aeruginosa. Additional limitations that the panel
was aware of, but did not consider serious enough to warrant
further downgrading of the quality of evidence, were that
most of the studies were conducted more than a decade ago
and the antimicrobial agent was often not the only independent
variable, as the duration of therapy also varied.

More direct evidence (ie, studies that specifically evaluated
patients with HAP/VAP due to P. aeruginosa) was available
from the 2 observational studies [312,313]. The first was a mul-
ticenter observational study that included 183 episodes of VAP
caused by P. aeruginosa [312]. Inappropriate empiric therapy
was associated with increased mortality (adjusted hazard ratio
[HR], 1.85; 95% CI, 1.07-3.10), and the initial use of combina-
tion therapy reduced the likelihood of inappropriate therapy.
Once patients who received inappropriate empiric treatment
were excluded, however, mortality was similar among those
who received definitive treatment using monotherapy and com-
bination therapy (23.1% vs 33.2%; adjusted HR, 0.90; 95% ClI,
.50-1.63). The second was a single-center observational study
that enrolled 100 consecutive patients with bacteremic P. aeru-
ginosa pneumonia [313]. It found that a decreased all-cause 28-
day mortality was associated with the absence of septic shock at
the time of bacteremia (OR, 0.07; 95% CI, .01-.49) and adequate
combination therapy (OR, 0.05; 95% CI, .01-.34).

The observational studies suggest that combination therapy is
beneficial for initial empiric therapy; however, once the antibiotic
susceptibilities are known, there are no differences in outcome
among patients who receive definitive treatment using mono-
therapy or combination therapy. Nonetheless, there is a possi-
bility that a subset of patients with P. aeruginosa pneumonia

complicated by septic shock may benefit from combination ther-
apy [313, 314]. The panel’s confidence in these effects was also
low because they were based upon observational studies.

Septic shock: The panel sought additional evidence that pa-
tients with septic shock may benefit from combination therapy
by looking at evidence from patients who had septic shock from
sources other than just HAP/VAP caused by P. aeruginosa. The
studies identified had inconsistent results. A meta-analysis of 64
randomized and quasi-randomized trials (7586 patients with
culture-positive bacterial septic shock) that compared B-lactam
monotherapy to combination therapy with a B-lactam and ami-
noglycoside in hospitalized patients with sepsis determined that
there was no difference in mortality, regardless of whether the
trial arms included the same B-lactam (RR, 1.01; 95% CI, .75-
1.35) or different B-lactams (RR, 0.85; 95% CI, .71-1.01) [315].
In contrast, a propensity-matched analysis (2446 patients)
found that early combination therapy was associated with de-
creased mortality in septic shock [314].

A potential reason for the discordant results is that the stud-
ies did not require specific criteria to define the patients as hav-
ing septic shock. It is possible that the benefits of combination
therapy were diluted by including less severely ill patients in the
studies. This is supported by a meta-analysis of randomized tri-
als and observational studies that determined that combination
antimicrobial therapy decreased mortality only among patients
with severe sepsis or septic shock and a high risk of death (31%
vs 41%; HR, 0.71; 95% CI, .57-.89 among patients with sepsis
due to pneumonia, who comprised 36% of the study popula-
tion), with potentially harmful consequences in low-risk pa-
tients [316].

The guideline panel had very low confidence that the estimat-
ed effects of monotherapy and combination therapy from these
studies of sepsis and septic shock from any cause are accurate in
patients with sepsis or septic shock due to HAP/VAP caused by
P. aeruginosa, because much of the evidence base is observa-
tional and the results are both inconsistent and indirect (the
question is about patients with septic shock due to P. aeruginosa
pneumonia, but the evidence is from patients with septic shock
from any cause). To be consistent with the approach described
above, the panel did not further downgrade the quality of evi-
dence due to the age of the studies [317] or the variability of the
duration of antibiotic therapy.

Bacteremia: Approximately 20% of patients with P. aerugino-
sa bacteremia develop septic shock according to an observation-
al study of 709 episodes of P. aeruginosa bacteremia, and those
who develop septic shock are at increased risk for mortality
(OR, 6.6; 95% CI, 4.0-10.0) [318]. Given the strong relationship
between shock and bacteremia, the panel also sought additional
evidence that patients with bacteremia may benefit from com-
bination therapy by looking at evidence from patients who had
bacteremia from sources other than just HAP/VAP caused by
P. aeruginosa.
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An initial meta-analysis from 2004 comparing combination
antimicrobial therapy with monotherapy for Pseudomonas bac-
teremia demonstrated a mortality benefit from combination an-
timicrobial therapy (OR, 0.50; 95% CI, .32-.79) [319]. However,
more recent studies have not confirmed this finding. Three
meta-analyses that included more recent studies compared the
use of combination therapy to monotherapy for definitive ther-
apy in patients with P. aeruginosa bacteremia and found no dif-
ferences in all-cause mortality [320-322]. The largest individual
study was a post hoc analysis of an observational study that
compared monotherapy to combination therapy in 593 patients
with a single episode of P. aeruginosa bacteremia; it demonstrat-
ed that combination therapy was not associated with a reduc-
tion in the 30-day mortality risk compared with monotherapy
(adjusted HR, 1.34; 95% CI, .73-2.47) [323]. A potential expla-
nation for the different findings in the initial meta-analysis and
the subsequent studies is that many of the studies in the initial
meta-analysis included patients who received aminoglycoside
monotherapy.

The guideline panel had very low confidence that the estimat-
ed effects of monotherapy and combination therapy from these
studies apply to patients with P. aeruginosa bacteremia due to
HAP/VAP. The reasons for the very low confidence are that a
large proportion of the evidence base is observational with incon-
sistent results, and because of indirectness of the population (the
question is about patients who are severely ill with septic shock
and bacteremia due to P. aeruginosa pneumonia, but the evi-
dence is from patients whose severity of illness was unspecified
and who have P. aeruginosa bacteremia from any source).

Rationale for the Recommendations

The evidence synthesis found no differences in the effects of
monotherapy and combination therapy as definitive treatment
(ie, treatment once the antibiotic susceptibility results are
known) on mortality, treatment failure, ICU and hospital length
of stay, duration of mechanical ventilation, and acquisition of
resistance, regardless of whether the results derived from obser-
vational studies that enrolled patients with HAP/VAP caused by
P. aeruginosa or meta-analyses of randomized trials that en-
rolled patients with HAP/VAP due to any pathogen. The
panel felt strongly that, in the absence of any demonstrable ben-
efit, the costs and potential side effects of an additional antibi-
otic were not warranted. Therefore, the recommendation is
strong despite the low quality of evidence.

There was an important exception, however. The panel
judged that combination therapy is warranted as definitive ther-
apy for patients with HAP/VAP due to P. aeruginosa who have
septic shock or a high risk for death. The decision was based
upon the evidence that combination therapy was associated
with decreased mortality among patients with pneumonia com-
plicated by septic shock. The panel agreed that the potential for

decreased mortality outweighs the additional costs,

inconveniences, and possible side effects attributable to an ad-
ditional antibiotic. The potential upsides of the recommenda-
tion seemed more important to patients than the potential
downsides.

The panel chose to recommend against aminoglycoside
monotherapy as definitive therapy for 2 reasons. First, amino-
glycosides penetrate the lung poorly; therefore, high peak serum
concentrations are necessary to obtain microbiologically active
concentrations in the alveoli, which increases the risk of neph-
rotoxicity and ototoxicity [266, 302, 303]. Studies have found no
detectable antipseudomonal activity within bronchial secretions
despite therapeutic aminoglycoside levels in the serum of pa-
tients with Pseudomonas pulmonary infection [304]. Second,
there is a lack of studies evaluating the effects of aminoglycoside
monotherapy in HAP/VAP. Given this lack of empirical evi-
dence, the recommendation is based upon the committee’s col-
lective clinical experience.

Research Needs

The potential benefit of combination therapy in patients with
septic shock is based upon studies in septic shock from any
cause. These findings need to be confirmed by randomized
trials in patients with septic shock due to P. aeruginosa
pneumonia. Outcomes for such trials should include mortality,
treatment failure, ICU and hospital length of stay, side effects,
and development of antibiotic resistance.

XVIII. Which Antibiotic Should Be Used to Treat Patients With HAP/VAP
Due to ESBL-Producing Gram-Negative Bacilli?
Recommendation

1. For patients with HAP/VAP due to ESBL-producing gram-
negative bacilli, we recommend that the choice of an antibi-
otic for definitive (not empiric) therapy be based upon the
results of antimic