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Objectives

Â Brief review the pathogenesis of VAP

Â Review the incidence and microbiology of 

VAP in TBI

Â Review VAP diagnostic challenges in VAP 

Â Discuss the effect of VAP of morbidity and 

mortality in TBI

Â Discuss preventative strategies specific to 

patients with traumatic brain injury



Pathogenesis

Â Most episodes of ventilator associated 

pneumonia (VAP) are suspected to originate 

from aspiration of endogenous pathogenic 

oropharyngeal bacteria into distal bronchi 

followed by bacterial proliferation

Â Early onset pneumonia (<48hrs) appears to 

be the result of mechanical bolus aspiration 

of gastric contents. 



Pathogenesis

Â VAP develops from aspiration of colonized oropharyngeal/tracheal 
secretions
Ç Several steps lead to colonization:

Â Adherence:
Ç Adhesins

Á Strept - lipoteichoic acid

Á AGNB ïfimbriae

Á Pseudomonas - have non-fimbrial cell surface adhesins 

Â Altered Host Receptors: intubation, previous influenza and various 
proteases and elastases can affect function and distribution of bacterial receptors

Â Fibronectin: decreased in severe illness, which can lead to decreased Strept 
adherence in the oropharynx which, in turn, facilitates AGNB adherence

Â Pseudomonas, S. aureus, S. epidermidis, and other bacteria secrete proteases 
which degrade fibronectin

Â S. Aureus has multiple adherence mechanisms including receptors for fibronectin, 
fibrinogen, platelet derived glycoprotein, and thrombospondin. The cell coat 
contains protein A which binds to Fc fragments of immunoglobulin and immune 
complexes. Therefore, S. aureus binds avidly to surfaces with mucosal injury and 
associated platelet aggregation and fibrin clot formation



Â 48 patients with coma due to traumatic brain injury or stroke

Â SDD and subglottic drainage was not utilized

Â Within the first 24 h after admission to the ICU and intubation, 
nasal and pharyngeal swabs (NS and PS), tracheobronchial 
aspirate (TBAS), bronchoscopic protected specimen brush (PSB) 
sampling and 3 ml of gastric juice (GJ) were obtained. 

Â Samples were taken daily until the fourth day of ICU admission, 
and every 72 h thereafter, until the end points extubation, 
development of suspected VAP, or death



Â Initial colonization with in at least one sample was 

39/47 (83%)

Â Colonization rates:

Ç in the upper airways, NS or PS: 26/46, 57%

Ç Tracheobronchial tree TBAS: 23/41, 56%, and PSB: 21/36, 

58%

Ç Stomach (GJ) was colonized in 16/36 (44%) of patients





Â 100 patients with traumatic brain injury

Â GCS < 12

Â No evidence of pulmonary infection

Â No evidence of gross aspiration

Â Did not use SDD

Â Endotracheal aspirate taken <24 hours

Â Is pneumonia suspected, miniBAL performed 





Â Early onset pneumonia was diagnosed in 26 patients

Ç Staph. aureus 44%

Ç H. influenzae 31%

Ç Strep. pneumoniae 12%

Ç Gram negative bacteria 13%

Â 77% of these patients (20/26) had positive tracheal aspirate 
specimens on admission

Â 73% (19/26) being the same organism isolated by miniBAL





Perhaps not all aspirationé

Â Patients with a TBI release currently unknown 

soluble factors into the circulating blood that up 

regulate expression of chemokine receptor 

CCR4 in peripheral blood monocytes whilst 

concurrently inducing expression of 

immunosuppressive cytokines by activated T-

lymphocytes [decreased expression of the pro-

inflammatory cytokine TNF-alpha, while 

simultaneously increasing the secretion of immune-

modulatory cytokines (IL-4, IL-10 and TGF-beta)]  
Injury. 2009 Sep 23



Perhaps not all aspirationé

Â Increased vagal tone accounts for the 

observed immune paralysis in patients with 

traumatic brain injury Neurology. 2008 Feb 5;70(6):480-5

Â Sixty-five percent of patients demonstrated 

reduced T lymphocyte counts on admission 
J Neurotrauma. 2006 Jun;23(6):962-75 



Â Prospective surveillance cohort design

Â All adult patients with severe TBI who underwent mechanical ventilation for 
duration of >48 hours from May 1, 2000 to December 30, 2002

Â The clinical, laboratory, and radiographic data for all patients were reviewed 
daily for the development of pneumonia by a trained Infection Prevention 
Practitioner (a clinical nurse

Â specialist in infectious disease). 

Â VAP was defined using criteria suggested by the Centers for Disease Control 
and Prevention and further classified in a hierarchical fashion based on 
supporting microbiology to one of 6 diagnostic categories 



VAP Diagnostic Challenges in 

Severe Traumatic Brain Injury

Â 40% of patients with severe traumatic brain 
injury have pulmonary opacity J Trauma. 1995 Dec;39(6):1081-6.

Â Fever occurs in 47% of patients with 
traumatic brain injury Neurosurgery. 2000 Oct;47(4):850-5

Â Semi-quantitative cultures of endotracheal 
aspirate are poorly concordant with 
quantitative cultures obtained via BAL 

Respir Care. 2009 Nov;54(11):1453-61 

Â Invasive diagnostic techniques may be 
harmful J Trauma. 2000 May;48(5):878-82









Â 60 patients (45%) were diagnosed with VAP during their hospitalization 
(incidence density 42.7/1000 ventilator days). 

Â VAP was diagnosed on median (interquartile range [IQR]) day 5 (3.5, 6) 
of ICU admission. A total of 78% of patients diagnosed with VAP had 
positive microbiology (VAP diagnostic categories IïV). Therefore, the 
incidence of culturepositive VAP was 33.4/1000 ventilator days. 

Â Of the 47 patients diagnosed with culture positive VAP, 29 patients 
(62%) had monomicrobial VAP and 18 patients (38%) had polymicrobial 
VAP.



Â The only admission variable significantly associated 
with the development of VAP was the Injury Severity 
Score.

Â Patients with isolated head injury were at lower risk for 
the development of VAP than those with associated 
polytrauma (risk ratio [RR] 1.7, 95% confidence 
interval [CI], 0.9ï3.1)



Â VAP was not associated with hospital mortality

Â However, patients who developed VAP had a 

significantly longer duration of mechanical 

ventilation, longer ICU and hospital length of stay, 

and more often required tracheostomy.



Â Diagnostic category was not significantly associated 
with hospital mortality, ICU length of stay, ventilator 
days, or hospital length of stay. 

Â Development of late VAP (>4 days) was not 
associated with an increased risk of hospital 
mortality when compared to patients who developed 
VAP within 4 days (p = 0.8). 



Attributable Mortality

Â Other studies have not been able to 

demonstrate excess mortality attributed to 

pneumonia in brain injury patients

Am J Respir Crit Care Med 1999;159(1):188-98

Intensive Care Med 2000;26(9):1369-72

Am J Respir Crit Care Med 1997;155(5):1729-34

Am J Respir Crit Care Med 1996;153(1):343-9

Am Rev Respir Dis 1992;146(2):290-4
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Prevention

Â Open, prospective, randomized, and controlled clinical trial

Â Head-injured patients and patients with stroke requiring 
mechanical ventilation

Â 100 with Glasgow coma scores < or = 12 and mechanical 
ventilation > 72 h.

Â Cefuroxime intravenously (two 1,500-mg doses 12 h apart after 
intubation) (the cefuroxime group) and 50 patients not receiving 
cefuroxime formed the control group

Am. J. Respir. Crit. Care Med., Vol 155, No. 5, 05 1997, 1729-1734. 

Protective effect of intravenously administered cefuroxime against 

nosocomial pneumonia in patients with structural coma

JM Sirvent, A Torres, M El-Ebiary, P Castro, J de Batlle and A Bonet 

Departament de Medicina, Universitat de Barcelona, Spain. 



Prevention

Â The incidence of microbiologically confirmed pneumonia was 
37% (n = 37); 12 (24%) belonged to the cefuroxime group, and 
25 (50%) belonged to the control group (p = 0.007)

Â No differences were found with regard to mortality and morbidity 
when comparing the study population with the control group. 

Â When comparing patients with pneumonia (from both study and 
control groups) with those without it, there was a decrease in 
total hospital stay (35 +/- 13 versus 25 +/- 14 d, p = 0.048) and 
ICU stay (20 +/- 11 versus 11 +/- 7 d, p = 0.001).

Am. J. Respir. Crit. Care Med., Vol 155, No. 5, 05 1997, 1729-1734. 

Protective effect of intravenously administered cefuroxime against 

nosocomial pneumonia in patients with structural coma

JM Sirvent, A Torres, M El-Ebiary, P Castro, J de Batlle and A Bonet 

Departament de Medicina, Universitat de Barcelona, Spain. 



Â Single centre, prospective, randomised, open study. 

Â Comatose mechanically-ventilated patients with 

traumatic, surgical or medical brain injury. 

Â Patients were randomized to either ampicillin-

sulbactam prophylaxis (3 g every 6 h for 3 days) 

plus standard treatment or standard treatment 

alone.



Â 38 of 42 analyzed

Â 39.5% of the patients developed EOP, 57.9% in the standard 
treatment group and 21.0% in the ampicillin-sulbactam group (P 
=0.022)

Â 19 LOP episodes (50.0%), 9 (47.4%) in the standard treatment 
group and 10 (52.6%) in the ampicillin-sulbactam group (P 
=0.746)

Â The two groups were also comparable in terms of the duration of 
mechanical ventilation, duration of ICU stay and ICU mortality



Â Single Centre prospective randomized controlled study

Â Patients with sTBI expected to be ventilated > 48h

Â Nasopharynx and oropharynx rinsing with 20 mL of a 10% 
povidoneiodine aqueous solution, reconstituted in a 60-mL 
solution with sterile water (povidone-iodine group) vs. those 
receiving nasopharynx and oropharynx rinsing with 60 mL of 
saline solution (saline group) vs. or those undergoing a standard 
regimen without any instillation but with aspiration of 
oropharyngeal secretions (control group) 


