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Prevention of Aspiration 
Pneumonia in the Enterally 
Fed Critically Ill Ventilated Patients:
Keeping the Head Up Takes a Village!

INTRODUCTION

A spiration pneumonia in the critically ill venti-
lated patient is a serious complication of enteral
nutrition (EN), but can also occur even in the

absence of feedings, such as with the aspiration of
endogenous secretions or saliva. This is especially true
in patients who have decreased mental status, are
unable to protect their airway, and/or are intubated and
mechanically ventilated (MV) (1–6). Within 24–48
hours of exposure to a healthcare environment, organ-
isms ubiquitous to the environment (pseudomonas
aeruginosa, staphylococcus aureus, methicillin resis-
tant, and staphylococcus aureus), colonize the
patients’ artificial airway (called a biofilm), and with
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One of the most serious complications in the critically ill patient is aspiration resulting
in healthcare associated pneumonia. Bedside methods to detect aspiration such as blue
dye in enteral formulas and glucose testing of pulmonary secretions have fallen short
of the goal. Recognizing that prevention of an aspiration event is essential to good out-
comes, investigators have sought to determine the relationship of other variables such
as intubation status, backrest elevation, vomiting, mental status and gastric residual
volumes to aspiration and the subsequent development of pneumonia. Of the identified
risk factors, back rest elevation (BRE) is one of the most modifiable, however, all health
care providers must play a role in accomplishing this task. Studies to date demonstrate
how difficult this intervention is to achieve. This paper discusses these topics and sug-
gests how the healthcare team might work together to proactively, and positively, effect
outcomes in this vulnerable patient population.
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micro- or gross aspiration, may result in pneumonia
(6,7). Sources of the organisms may be airborne and/or
seeded from the mouth, sinuses or stomach (8). While
it is true that not all aspirations result in pneumonia,
those that do so negatively affect morbidity, mortality,
length of stay (LOS) and cost (1,4,5,9,10). 

In an effort to delineate how we might best prevent
these healthcare associated pneumonias (HCAP), reg-
ulatory and professional organizations have developed
guidelines, consensus statements and practice alerts
aimed at prevention (11–16). Despite these evidence-
based guides to practice, ventilator associated pneu-
monia (VAP) still accounts for one-third of all HCAP
infections and between 50%–83% of infections in the
MV patient (4–7,15,17). Thus the attenuation of mod-
ifiable risk factors is an extremely important goal. 

Modifiable risk factors to the aspiration of colo-
nized organisms in the ventilated patient include such
interventions as proper endotracheal tube cuff inflation
(secretions that collect above the cuff of the endotra-
cheal or trachesostomy tube and leak past the cuff into
the lungs), use of continuous aspiration subglottic suc-
tioning (CASS) tubes, decreased ventilator tubing
changes, stringent hand-washing, and backrest eleva-
tion (BRE) of >30 degrees (11,13,15,18–21). Other
interventions that are not as widely practiced include
oral care techniques such as mouth care and oral decon-
tamination with agents such as chlorhexidine or oral

antibiotics (22–24). While selected oral care regimes
are recommended for patients at risk (e.g. chlorhexi-
dine), the evidence-based guidelines published to date
do not rank them at the highest level of evidence. 

As we consider the top category recommendations
for prevention of VAP it is clear that clinicians closest
to the patient on a daily basis play the largest role in
prevention. The preventive strategies may be classified
as those within the domain of a specific discipline and
those that are the joint responsibility of all healthcare
practitioners (Table 1). One recommendation, that of
BRE, is especially noteworthy for it’s applicability to
the practice of all disciplines and importance in pre-
vention of aspiration from any cause in both ventilated
and non-ventilated ICU patients (19–21). 

Studies and reports on healthcare initiatives
designed to decrease aspiration pneumonia suggest that
education of healthcare providers is the key to compli-
ance but even with proactive training, compliance with
recommendations falls far short of the goal. The pur-
pose of this article is to focus on aspiration as it relates
to the enterally fed mechanically ventilated patient.
Additionally addressed are: what is known about iden-
tifying aspiration, associated risk factors, the efficacy
of selected interventions aimed at prevention, and how
the health care team can assure compliance. 

(continued on page 67)

Table 1
Prevention of VAP: top recommendations for practice (by discipline) 

Guideline Recommendations for practice 
implementation (ATS, CDC, AACN, CCCT/CCCS) Disciplines responsible

Hand washing and aseptic technique All bedside clinicians: RN, RCP, MD, Nutritionists, PT

BRE (> 30–45 degrees) All bedside clinicians: RN, RCP, MD, Nutritionists, PT

CASS tubes RCP, MD, RN

No routine ventilator circuit changes RCP, MD, RN

Key: BRE = backrest elevation, VAP = ventilator associated pneumonia, RCP = Respiratory Care Practitioner, PT = Physical Therapist,
CASS = continuous aspiration subglottic suctioning, ATS = American Thoracic Society, AACN = American Association of Critical-Care
Nurses, CCCT/CCCS = Canadian Critical Care Trials Group and the Canadian Critical Care Society
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DETECTION OF ASPIRATION, RISK FACTORS
AND THE LINK TO ENTERAL FEEDING—
WHAT DO WE KNOW?
Methods to detect aspiration in enterally fed patients
have included bedside assessment techniques such as
gag reflex testing and bedside swallowing trials.
Unfortunately, as noted by Elpern, the gag reflex does
not protect the airway from aspiration; more important
is the presence of an intact swallow and cough (25).
Bedside swallowing tests may confirm an obvious
observed aspiration and help identify potential swal-
lowing problems but more definitive methods such as
videofluroscopy and videoendoscopy are required to
confirm aspiration, especially if silent. Yet, even these
video-observation methods are of limited use in pre-
venting aspiration as changes in mental status and abil-
ity to protect the airway change often in a critical care
setting. 

Despite demonstrated lack of specificity, com-
monly used bedside methods of detecting aspiration of
enteral feeding include the addition of blue food dye to
enteral formulas, and glucose oxidase reagent testing
(25–29). If blue dye is detected in pulmonary secre-
tions, aspiration may have occurred. However, the
converse is not true; lack of the color in secretions
does not rule out aspiration. The glucose testing
method is based on the premise that enteral formulas
have more glucose than the glucose concentration of
normal pulmonary secretions. This method falls short
because the presence of blood in secretions can result
in a false positive and some enteral formulas have a
low glucose concentration. Further negating the clini-
cal accuracy of these methods is the fact that not all
aspirations result in pneumonia. Thus it is essential
that we identify the risk factors for HCAP if we are to
implement effective preventive practices. 

IDENTIFYING RISK FACTORS FOR ASPIRATION—
IMPORTANCE OF BACKREST ELEVATION 
BRE is one of the most modifiable risk factors associ-
ated with VAP. Torres, et al demonstrated a relation-
ship between aspiration and BRE (30). Patients requir-
ing MV were randomly assigned to a 45-degree BRE
or the supine position. After labeling gastric contents
with technetium (tc)-99m sulphur colloid, radioactive

counts were measured on endobronchial secretions at
30-minute intervals for a total of 5 hours. Also, sam-
ples of endobronchial secretions, gastric juices and
pharyngeal contents were obtained for bacterial cul-
ture. Aspiration was significantly associated with the
supine position and increased with time in that position
(30). In a randomized controlled trial (RCT) Ibanez
(21) demonstrated that reflux of gastric contents was
significantly associated with the supine position and in
a multivariate analysis Kollef (19) identified that the
position was a strong independent risk factor for VAP.
Semi-recumbancy (45 degrees) was also associated
with less aspiration in one RCT (31), and in another, a
>25% decrease in pneumonia (32). Other significant
risk factors for pneumonia included enteral feeding,
long duration of MV (>7 days) and decreased con-
sciousness defined by a Glascow Coma Scale (GCS)
score of <9 (32). 

While the case for BRE of 45 degrees as a preven-
tion strategy for critically ill patients appears strong,
subsequent work has been done attempting to identify
additional factors such as those related to enteral feed-
ings as independent risk factors for both aspiration and
subsequent pneumonia. In one retrospective descrip-
tive study of 120 consecutive mechanically ventilated
patients in a trauma critical care unit, the incidence of
VAP was 16.7% (1). VAP was associated with duration
of mechanical ventilation, tube feeding, trauma, and
the use of histamine-2 receptor antagonists. However,
the retrospective nature of the study prevented the
evaluation of BRE or specifics related to enteral feed-
ing such as gastric residual volumes (GRV). Metheny,
et al prospectively studied patients in 5 ICUs over a 
2-year period (3). Three hundred and sixty critically ill
adult tube fed patients were followed for four days and
aspiration was determined by the presence of pepsin in
endotracheal suctioned aspirates. At least one aspira-
tion event was documented in 88.9% of patients and
pneumonia (as determined by the Clinical Pulmonary
Infection Score) increased from day one to day four
(24% to 48% respectively). Significant risks for pneu-
monia included ICU-LOS, MV and BRE of <30
degrees. Interestingly, BRE of >30 degrees was only
present in 38% of the patients. Statistically significant
risks for aspiration included a BRE <30 degrees, deliv-
ery of gastric feedings, vomiting, GCS score <9, and

(continued from page 64)
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gastroesophageal reflux disease (GERD). No associa-
tion between GRV and aspiration was found. In this
study, the most significant independent risk factors for
pneumonia were aspiration, use of paralytics, and a
high level of sedation (3). 

While BRE continues to be a risk factor for all
aspirations, many have questioned the potential link of
aspiration to feeding tube position with or without
BRE. Some study results have suggested that reflux
and aspiration risk are decreased with gastric versus
small bowel feeding tube placement (33–35). How-
ever, as noted by Krenitsky in a recent in-depth review
of these and other existing RCTs on the topic, the find-
ings must be cautiously interpreted (36). He notes that
many of the studies were small and jejunal placement
resulted in a decrease in nutrient delivery, not a
decrease in the incidence of pneumonia or mortality.

Recently, McClave demonstrated that PEG tubes
significantly reduced the rate of regurgitation and aspi-
ration events versus naso-gastric tubes (20% versus
41% respectively) (37). The GRV studied were larger
than most studies previously conducted. In the study
40 medical, surgical and coronary tube fed patients
requiring MV were randomized to cessation of EN for
GRV >400 mL (intervention) or GRV >200 mL (con-
trol). The patients were monitored every four hours for
three days. Analysis of aspiration was done using flu-
orometry and studying tracheal oropharyngeal sam-
ples. Detection of aspiration was verified if a yellow
color was noted (they put yellow microscopic beads
and blue food coloring into the EN). There were no
differences in aspiration between groups and the
authors were unable to detect a specific GRV as a risk
factor for aspiration. As in other studies (38), blue food
dye did not predict aspiration. Unfortunately, BRE was
not defined in the McClave study, thus making it diffi-
cult to determine the role BRE may have played in the
low-risk of aspiration despite the volume of residual
gastric contents (37). 

When we evaluate what relationships do exist
related to GRV and aspiration, it is interesting that no
specific GRV threshold has been associated with aspi-
ration events except when preceded by vomiting (39).
Vomiting has been associated with aspiration in other
studies as well but not GRV; in the study by Metheny
described earlier, the GRVs were small and unlikely to

be problematic (3). However, practices vary widely in
terms of the measurement of GRV and thresholds for
stopping EN infusions. Unfortunately, most clinical
recommendations for stopping EN based on GRV have
been lacking in evidence to support the recommenda-
tion. In the author’s experience, they vary widely, from
“50 mL,” “double the infusion rate” to “200 mL–500
mL” and no evidence of discomfort.” It has also been
recognized that by stopping EN for selected arbitrary
GRV’s, nutrition goals are significantly reduced
(36,37,40). 

The studies on the topic of VAP to date suggest
that significant risks of aspiration are associated with
intubation and mechanical ventilation, decreased men-
tal status and sedation (which is often the reason for
decreased sensorium in this patient population), chem-
ical paralysis, and vomiting. To date, GRVs have not
been associated with aspiration in any studies on the
topic. It stands to reason then, as noted by Krenitsky,
McClave and Parrish, that a trend of increasing GRV
may herald the need for stopping EN, but that absolute
thresholds for GRV are unwarranted given the current
paucity of data to guide our practice (36,37,40). 

An additional related area of practice is that of the
timing of extubation and the discontinuance of EN.
While premature extubation requiring reintubation is
associated with aspiration pneumonia (11), no studies
relate GRV to same. Practice patterns vary and no con-
sensus exists related to when EN should be discontin-
ued as a precautionary measure. It seems prudent to
consider stopping EN 1–2 hours before extubation to
allow the GRV to decrease. Every effort should be
made to enhance stomach emptying with techniques
known to do so—such as turning the patient on his or
her right side for 15–20 minutes. If necessary, the
stomach contents might also be aspirated prior to extu-
bation. It is rarely necessary to “hold” EN for extended
lengths of time and in fact may be detrimental, both
disallowing nutrition delivery and potentially dropping
blood glucose. 

While no single initiative to decrease aspiration
risk in critically ill enterally fed patients is the panacea
for prevention of HCAP, patient positioning is one for
which all healthcare providers can, and should be,
responsible. 

(continued on page 70)
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ADHERENCE TO BODY POSITION—
HOW WELL DO WE DO? 
Though a BRE of <30 degrees is consistently and
strongly associated with aspiration, the seemingly sim-
ple intervention is not easy to accomplish. BRE of 45
degrees has been advocated, yet studies on compliance
note that it is not a standard practice. Evans observed
that the mean BRE in 113 critically ill patients was 23
degrees and that the position decreased with increasing
severity of illness as defined by APACHE II score
(41). Grap, et al monitored 347 measurements of BRE
in 52 medical ICU patients (42). The authors sought to
determine the relationship of EN and hemodynamic
stability to adherence with BRE. They found that BRE
of >30 degrees was rarely achieved (72% of those
studied were between 0 and 30 degrees) and that ele-
vation was not associated with EN or hemodynamic
status (42). These authors subsequently studied 150
patients (506 observations) in medical, surgical and
neurological ICUs to determine predictors of BRE
(43). They randomly collected data over a 6-week
period of time. Results demonstrated that mean BRE
was 19.2 degrees and that 70% of patients were supine
(no difference between units was found). Significant
differences between BRE and BP measurements were
demonstrated (but only seven of the patients had sys-
tolic BPs less than 90 mmHg) and no differences were
noted between those receiving EN versus those not
being fed. While not statistically significant, they
found that intubated patients were maintained in lower
positions than non-intubated patients (17% versus
23% respectively) (43).

In two interesting studies looking at nurses’ ability
to estimate BRE accurately, Dillon found that critical
care nurses consistently over-estimated the BRE level
(44) yet Hanneman found that nurses self-reporting of
BRE was consistent with observed levels of 28 degrees
for intubated patients (45). In both instances, the actual
BRE levels fell far short of the recommended 45
degrees regardless of perceptions. 

Recently, a prospective multicenter study of venti-
lated patients randomly assigned to the semi-recum-
bent position with a target BRE of 45 degrees, or stan-
dard care with BRE of 10 degrees, was conducted (46).
The investigators continuously measured the total time
in the position automatically. The target BRE in the

intervention group was not reached 85% of the time
(BRE mean = 28–22 degrees on days 1 and 7 respec-
tively). In the standard group, the BRE rose from 9.8
to 16.1 degrees on study days 1 and 7 respectively. Of
interest, the overall rates of VAP were low (6.5 and
10.7% in the two groups) (46). While other interven-
tions aimed at decreasing VAP were not cataloged in
the study, it is of interest that even with the lower BRE
levels, the VAP incidence was lower than prevalence
rates cited earlier. Certainly this finding makes us
question whether a lower position might be equally as
effective as the 30 to 45 degrees so often cited as nec-
essary to prevent aspiration. To date, a comparison of
a range of BRE levels has not been done. 

Some have questioned whether perceptions of the
need for BRE influence practice. To that end, a quali-
tative study of 93 ICU bedside nurses, nutritionists,
physical therapists, residents, fellows and intensivists
was conducted (47). Results demonstrated that inten-
sivists and nutritionists were familiar with the need for
semi-recumbancy versus the supine position in com-
parison to other health care workers. Intensivists
viewed nursing preferences as the main barrier to the
non-compliance with BRE. In contrast, nurses viewed
physician orders as the major deterrent. Other identi-
fied barriers were alternative positions (e.g. lateral
rotation), hemodynamic instability, fear of ulcer for-
mation and shearing stress with positioning, safety
(e.g. sliding out of bed) and available resources (e.g.
bed types etc) (47).

In a descriptive study, 110 nurses were inter-
viewed to assess adherence with non-pharmacologic
evidence-based guidelines for preventing VAP and to
identify barriers to adherence (48). The results were
compared to previously reported results of a similar
survey given to physicians (49). Nurses reported dif-
ferent levels of adherence than physicians for non-
pharmacologic interventions. Most were related to
patient issues, such as discomfort and fear of adverse
events, whereas physicians were more related to
guideline related barriers and disagreement in the
interpretation of trial results (49).

Initiatives to improve compliance have focused on
education and process strategies. An educational ini-
tiative for respiratory therapists and critical care nurses
used an instructional module with pre- and post-testing

(continued from page 68)
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on VAP prevention strategies such as BRE (50). In this
study, VAP was reduced by 57 % following the inter-
vention. In another study, medical and surgical ICU
patients were enrolled in a prospective pre-post inter-
ventional project designed to assess the effectiveness
of an intervention to improve BRE adherence (51).
Interventions included a physician order set with an
order for semi-recumbancy. Two months following
implementation of the order sets an educational inter-
vention was provided to nurses and physicians. BRE
compliance was increased significantly (p = 0.05) with
these interventions. The mean angle of the bed
increased from 24 to 35 degrees after the order sets
were initiated. Following the educational intervention
the percent of those with HOB >45 degrees was 29%
and mean HOB was 34 degrees (51). 

From the studies done to date on adherence to
BRE guidelines, a few conclusions related to compli-
ance may be noted. The first is that adherence to a 45
degree BRE is rarely accomplished. While interviews
and surveys designed to determine the reasons for non-
adherence have helped elucidate some perceptions
related to same (47–49), we know little about the real-
ity of the perceived obstacles and how to offset them
to improve outcomes. And, forty-five degrees is a high
level of BRE and maintenance of the position is some-
what challenging, especially since patients do slide
down in the bed, sometimes into positions that are
undesirable regardless of the BRE. 

Evans noted a relationship between BRE and
APACHE II score suggesting that perhaps the patients’
instability may dictate BRE (41). Anecdotally, clini-
cians often suggest that a lower BRE is used to
enhance BP but this perception has only been tested in
the studies by Grap (42,43). The investigators noted
that there was a statistically significant relationship
between lower BPs (albeit not clinically significant)
and lower BRE. In our institution a pilot study testing
this hypothesis in a thoracic cardiovascular ICU found
no relationship between hemodynamic stability
(defined by vasopressor use) and BRE (unpublished
data, Ballew, et al 2007). Other studies testing this
hypothesis would be helpful. 

Another theme surrounding adherence to BRE is
that all health care providers may not be aware of the
necessity of BRE in the prevention of VAP. The stud-

ies on this topic suggest that for interventions aimed at
improving compliance to be successful, they will
likely require both educational strategies and process
initiatives such as order sets (51). 

Preventing aspiration in the enterally fed venti-
lated patient is an essential goal of care for which all
healthcare team members are responsible. Backrest
elevation is one of the most important interventions
clinicians can make to decrease the incidence of aspi-
ration pneumonia. While we continue to explore the
role of feeding tube position and GRV to aspiration in
this patient population, it is essential that we do what
we can to prevent aspiration. To that end a few sug-
gestions for practice improvement include:

1. Assure BRE in all ventilated patients as appro-
priate: educate all members of the team that they
share this responsibility. Educate the team that it is
not necessarily accurate to use the head of bed
gauge since the gauge measures the level of the
head of bed and does not measure the patient’s level
of BRE. For those who slide down in the bed, a
technique might include elevation of the HOB to
approximately 20–30 degrees, then changing the
angle of the whole bed to assure BRE (i.e., reverse
trendelenberg). 

2. Physician orders for BRE: should be incorporated
especially in enterally fed patients and those with
decreased mental status. If not part of routine order
sets, any member of the healthcare team can request
such an order from the physician or nurse practi-
tioner. 

3. Education, and re-education: of all healthcare
team members about the importance of BRE in all
critically ill patients should occur frequently (at
least quarterly). Repeating the information is
important to assure compliance. 

4. Monitor BRE adherence: adherence with guide-
lines fluctuates over time. If routine monitoring (i.e.
quarterly) does not occur, you do not know if your
interventions are successful!

WHAT TO DO WITH ALL THIS: 
A CASE FOR THE VILLAGE? 
Nutritionists, nurses, respiratory therapists, physical
therapists and physicians all work with the mechani-
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cally ventilated patient and share responsibility for
associated outcomes. As has been discussed earlier,
BRE in and of itself, appears to be clearly associated
with aspiration risk with or without EN. And yet,
adherence to an elevation of 45 degrees is rarely
attained. With focused initiatives, 30 degrees may be
more attainable, yet it is clear that not all understand
the importance of this simple strategy, or how to
accomplish it (52). Often BRE is considered the
domain of nursing, and to a large degree this is the
case, given that the nurse must weigh all aspects of the
patient’s condition prior to any intervention. However,
when we consider the importance of such a simple
intervention, the approach may be more effective if all
team members assume a shared responsibility for
assuring the intervention. Given the current healthcare
environment, the fast pace of critical care and patient
complexity, it is essential that a team approach be
used. The analogy is similar to that of the pilot and co-
pilot; mistakes increase (with deadly consequences) if
the pilot does not heed the co-pilots concerns. Indeed,
it may well take a village in this case, if we are to
improve outcomes for our critically ill ventilated
patients. ■
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