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1-Nosocomial pneumonia in the intensive care
unit: mechanisms and significance

Christine A'Court, Christopher S Garrard

The true incidence and importance of noso-
comial pneumonia in the intensive care unit
are difficult to assess. The commonly quoted
incidence of 21-26%'-3 may be an over-
estimate resulting from the lack of specificity
of clinical diagnostic criteria in the critically
ill.45 Conventionally, fever, leucocytosis,
purulent sputum, and the appearance of new
and persistent infiltrates on the chest radio-
graph are diagnostic of pneumonia.67 Al-
though these criteria are probably satisfactory
for patients in general wards, in the intensive
care unit such features as fever and
leucocytosis may result from various infec-
tious or even non-infectious disease processes.
The presence of an endotracheal tube may
cause local inflammation and the production of
purulent sputum. Radiographic infiltrates con-
sistent with pneumonia may represent other
conditions, such as mucus retention, atelec-
tasis, or pulmonary infarction. The diagnosis
of nosocomial pneumonia is particularly dif-
ficult in patients with widespread infiltrates
due to the adult respiratory distress syn-
drome. Even positive blood cultures cannot be
accepted as definitive proof of lung infection as
the organisms may arise from a non-pulmon-
ary source.

Microbiological analysis of sputum or -tra-
cheal aspirates obtained via the endotracheal
tube adds little to diagnostic accuracy and
indeed may be misleading. Colonisation of
the endotracheal tube and tracheobronchial
secretions with potential pathogens occurs
within hours of intubation, and distinguishing
between tracheobronchial colonisation and
pulmonary infection is difficult even if
quantitative cultures are used.28 A clinical
pulmonary infection score has recently been
proposed that combines individually weighted
clinical indices and tracheal aspirate results.9
Its predictive value for the diagnosis of
pneumonia approaches that of bronchoscopic
criteria.
Only relatively recently have studies of

nosocomial pneumonia used techniques for
obtaining microbiological specimens that
minimise contamination by upper airway
secretions.4 ""16 Quantitative culture of
bronchoscopic protected brush specimens,
telescoping plugged catheter specimens, and
bronchoalveolar lavage fluid has enabled bac-
teriological criteria to be more accurately
defined for the diagnosis of pneumonia in
terms of the number of organisms or colony
forming units (cfu) per millilitre. Studies in
ventilated patients and in the ventilated
baboon model indicate that counts of more

than 1iO cfu/ml from protected brush
specimens or telescoping plugged catheter
specimens 01516 and of more than IO' or IO'
cfu/ml from lavage fluid9 1217 signify lung
infection. The sensitivity and specificity of the
techniques using protected brush specimens,
telescoping plugged catheter specimens, and
lavage fluid range from 70% to 100% (table 1).
The gold standard for the diagnosis of

nosocomial pneumonia is probably the histo-
logical examination and quantitative culture
of lung biopsy specimens. The reliability of
the techniques using lavage fluid and protected
brush specimens has been shown by culture
and histopathological examination of post-
mortem lung biopsy material obtained
immediately after the bronchoscopic
procedures.0 12

In the intensive care unit transthoracic,
transbronchial or open lung biopsies are
generally reserved for immunocompromised
patients and for those with suspected
interstitial or vasculitic lung disease. In these
patients the potential benefit outweighs the
morbidity and mortality associated with such
invasive procedures.
The use of cultures of bronchoscopy

specimens reduces the estimated incidence of
pneumonia from 26% to 9%.14 In Oxford our
use of a combination of a weighted clinical
criteria score and alternate day bronchiolar
lavage via a non-directed suction catheter
(non-directed bronchiolar lavage) has yielded
an incidence of 1 %. We believe that the
decision to initiate, withhold, or discontinue
antibiotic treatment should be based on these
more stringent diagnostic criteria.

Mechanisms
Mechanical ventilation itself has been viewed
as the major risk factor for nosocomial
pneumonia in the intensive care unit. The
endotracheal tube bypasses natural upper air-
way filters and, like many of the drugs given to
the ventilated patient, interferes with laryngeal
and cough reflexes and impedes mucociliary
clearance. More recent concepts of patho-
genesis place greater emphasis on abnormal
bacterial colonisation of the respiratory and
gastrointestinal tract, aspiration, transmural
migration and haematogenous spread ofenteric
bacteria, and immunoregulation in the
critically ill. The evidence supporting these
views will be examined.

VENTILATOR ASSOCIATED PNEUMONIA
In the 1960s epidemics of ventilator associated
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Table Specificity and sensitivity of microbiological sampling techniquesfor the
diagnosis ofpnewnonia in the intensive care unit

Threshold Sensitivity Specificity
Reference Technique (cfu/ml) (%) (%)

Torres" BAL 10o 56* 71
TPC 103 56* 86
TA 14

Guerra'7 BAL 104 83 100
Pugin9 BAL BI > 5 93 100

NBL BI > 5 73 96
TA 73 43

Pham'6 PSB 103 65 93
TPC 103 100 82

Oxford NBL 104 74* 81

PSB-protected specimen brush; TPC-telescoping plugged catheter; BAL-bronchoalveolar
lavage; NBL-non-directed bronchiolar lavage; TA-tracheal aspirate; BI-bacterial index
obtained by logaridtmic sum of individual organisms.
*Torres: overall sensitivity 56%, nosocomial 72%, community acquired 22%. Oxford: overall
sensitivity 74%, nosocomial 96%, community acquired 31%. Low sensitivity for diagnosis of
community acquired pneumonia attributed to prior antibiotic treatment.

pneumonia were caused by bacterial contami-
nation ofventilators, nebulisers, humidifiers, or
tubing. Improvements in ventilator design and
the implementation of rigorous infection
control measures have largely prevented these
epidemics, andnow most cases ofpneumonia in
the intensive care unit follow infection with
endogenous organisms.
Changing the ventilator circuit daily was

intended to reduce the risk of developing a
reservoir of pathogens, but renewing circuits
every 48 hours rather than 24 hours makes no
difference to the level of colonisation of the
circuits, and was actually found to reduce the
incidence ofpneumonia.' The adverse effect of
more regular circuit changes has been attri-
buted to spillage of heavily contaminated con-
densate into the tracheobronchial tree during
manipulation of the tubing. A recent prospec-
tive study of circuit changes every 48 hours
compared with no change throughout the
period of ventilation indicated no difference in

Table 2 Bacteria causing pneumownia in the critically ill

Fagon et al" Torres et al5 Oxford

No of episodes pneumonia 52 25 36
Technique PSB TPC + BAL NBL
Threshold count (cfu/ml) 103 103 104

GRAM NEGATIVE BACTERIA No (%)* No (%)* No (%)*
Pseudomonas aeruginosa 16 (31) 7 (28) 6 (16)
Acinetobacter spp 8 (15) 6 (24) 0
Proteus spp 8 (15) 0 0
Moraxella catarrhalis 5 (10) 0 1 (3)
Haemophilus spp 5(10) 0 4(11)
Escherichia coli 4 (8) 3 (12) 1 (3)
Klebsiella spp 2 (4) 3 (12) 0
Enterobacter cloacae 1(2) 1(4) 4(11)
Pseudomonas maltophila 0 0 2 (5)
Legionella spp 1 (2) 2 (10) 0
AMiscellaneous 1 (2) 1 (4) 1 (3)

GRAM POSITIVE BACTERIA
Staphylococcus aureus 17 (33) 5 (20) 2 (5)
Streptococcus pneuonia 3 (6) 1(4) 2 (5)
Othersreptococci 8(15) 4(16) 2(5)
Corynebacteria spp 4(8) 0 0
Staphylococcus epidermidis 0 1(4) 0

ANAROBES 1 (2) 1 (4) 0
POLYMICROBIAL FLORA 21 (40) 10 (40) 7(19)

*Sum of percentages exceeds 100% owing to polymicrobial flora.
Abbreviations as in table 1.

the degree ofcolonisation of circuits or patients
(assessed by pharyngeal swabs and tracheal
aspirates), and no increase in the incidence of
pneumonia diagnosed from protected brush
specimens.'8 In most cases ventilator circuits
are contaminated by the patient rather than the
reverse.
None the less, several studies have indicated

that endotracheal intubation is a major factor
contributing to the reported high rate of
nosocomial pneumonia in the intensive care
unit. Patients who are intubated and ventilated
have been shown to have a seven fold increase
in the incidence of clinically diagnosed
pneumonia.'9 The risk seems to increase with
the duration of ventilation and, ifpneumonia is
diagnosed by clinical criteria alone, appears
maximal in the first 10 days in hospital, few
cases being identified thereafter.20 In contrast,
when criteria for establishing the diagnosis of
pneumonia are based- on the use of protected
brush specimens, the risk appears constant
over the whole period of ventilation.'4

MICROBIOLOGICAL CHARACTERISATION
From bronchoscopic studies814 and from our
own investigations using bronchiolar lavage, a
characteristic range of organisms have been
identified in the lungs of patients with
pneumonia in the intensive care unit (table 2).
Although Gram positive organisms and
Haemophilus influenzae are common in
community acquired pneumonia,9 14 Gram
negative aerobic bacteria predominate in
nosocomial pneumonia (pneumonia develop-
ing after 48 hours in hospital or intensive care
unit).
Some studies of intensive care patients have

emphasised the high incidence of apparently
polymicrobial infections occurring in 50-87%
of cases of pneumonia.912 In these studies
pneumonia was defined on the basis of a bac-
terial index calculated from the log sum of the
colony counts for the individual organisms.
This calculation includes organisms grown at
very low concentrations that would in other
studies be considered colonising agents or
contaminants. Stipulation of a threshold of
over I0cfu/ml in lavage fluid for any individual
organism,'7 or bacteraemia,2' yields the much
lower incidences of polymicrobial pneumonia
of 26% and 12% respectively. Our experience
in Oxford with the non-directed bronchiolar
lavage technique and a threshold of IO' cfu/ml
indicates a 19% incidence of polymicrobial
pneumonia. The choice of sampling technique
(protected brush specimens, bronchoalveolar
lavage, or non-directed bronchiolar lavage),
volume of lavage fluid instilled, and the
threshold colony counts used in the definition of
pneumonia will clearly all influence the repor-
ted incidence.

In this review, we have focused on the
broadly immunocompetent patient. Pneu-
monia in the immunocompromised patient in
the intensive care unit may be due to organisms
as diverse as cytomegalovirus, Pneumocystis
carinii, Mycobacterium avium-intracellulare,
and fungi. The principals of diagnosis remain
the same but the threshold for initiating
antibiotic treatment may be lower.
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COLONISATION OF THE RESPIRATORY TRACT IN
VENTILATED PATIENTS
Upper airway colonisation
The changing range of organisms causing
pneumonia in the intensive care unit is
paralleled by changes in colonisation of
the oropharynx and the gastrointestinal tract
(table 3). In normal healthy subjects the nasal
passages and oropharynx are colonised by
Gram positive, mainly anaerobic, commensals,
whereas the trachea and distal airways are

sterile, or yield counts below 104 cfu/ml.22
Johanson" was the first ofseveral authors"' to
show that in hospital the oropharynx becomes
colonised by Gram negative aerobic bacteria
and to propose that aspiration of these organ-
isms, with reduced mucociliary clearance, leads
to nosocomial pneumonia.23 The incidence of
abnormal colonisation paralleled the severity of
underlying illness, increasing from 35% in the
moderately ill to 73% in the severely ill.23 In the
intensive care unit abnormal colonisation (table
4) has been shown to increase with duration of
stay,27.' and to have been present in most
patients who subsequently develop pneu-
monia.'

Bacterial adherence
The earliest stage of bacterial colonisation is
bacterial adherence to the epithelium of the
respiratory tract, which is promoted by severe
illness, malnutrition, intubation, tracheo-
stomy, uraemia, cigarette smoking, and ciliary
dysfunction.0 In healthy people bacteria are
prevented from adhering to epithelial surfaces,
such as the oropharynx, by fibronectin and IgA.
Fibronectin is a cell surface glycoprotein,
which has binding sites for Gram positive
bacteria but at the same time prevents the
adherence of Pseudomonas spp and Entero-
bacteriaceae. In critically ill patients the
protective fibronectin layer is destroyed by
proteases present in saliva3' or released from
neutrophils,32 so that epithelial cell surface
receptors are exposed; these are then available
for bacterial adherence. Similarly, proteases

Table 3 Colonsing organisms of the oropharynx and upper gastrointestinal (GI)
tract2.1

Normal commensals of the oropharynx
(1o 8 _ 101- cfu/nm)

AEROBES
a-Haemolytic streptococci
Streptococcus pneunomae
Staphylococcus spp
Neisseria spp
Haemophilus influenzae
Moraxella catarrhalis
Escherichi coli
Candida

ANAEROBES
Peptostreptococcus
Fusobacteriwn
Bacteroides
Veilonella

ACD RESISTANT ORAL BACTERI SURVIVING IN THE
STOMACH AND UPPER SMALL INTESTINE

(< 10 cf/Ml)
Streptococcus spp
Staphylococcus spp
LactobaciUus
Candida

Abnormal commensals of the
oropharynx and upper GI tract
(103- 1O8cfu/ml)

Klebsiella
Enterobacter
Acinetobacter
Pseudomonas
Serratia
Proteus
Morganella
Citrobacter

Table 4 Risk factors associated with oropharyngeal
colonisation30

Severity of illness*
Prolonged hospitalisation
Prolonged stay in intensive care unit
Advanced age
Antibiotic therapy
Endotracheal intubation*
Tracheostomy*
Gastric acid suppressing therapy
Major surgery*
Malnutrition
Smoking*
Pre-existing lung disease
Uraemia*

*Risk factor shown to increase bacterial adherence.

may break down IgA, so impairing this
mechanism of blocking bacterial adherence.32
Most Gram negative aerobic bacteria

colonise the oropharynx before reaching the
lower respiratory tract, but Pseudomonas spp
has been shown to colonise the trachea without
prior colonisation of the oropharynx.33 This
tropism may be due to the preferred adherence
of Pseudomonas to ciliated rather than
squamous cells.4 Mechanical injury of the
trachea, which might be caused by an endo-
tracheal intubation, has also been shown
to promote attachment and growth of P
aeruginosa.35

Lower airway colonisation
Although tracheal colonisation has been
studied in mechanically ventilated patients,
little is known about the prevalence or patho-
genesis of colonisation of the distal airways.0
We have used alternate day non-directed
bronchiolar lavage to assess lower airway
colonisation in ventilated patients in our
general adult intensive care unit. With this
technique a sterile suction catheter is
introduced into the bronchial tree via the
endotracheal tube. The catheter is advanced
until substantial resistance is encountered
about 40-50 cm from the proximal end of the
endotracheal tube. Twenty millilitres of sterile
saline are instilled, immediately reaspirated,
and sent for quantitative culture. Simultaneous
chest radiography has shown that the catheter
enters the lower lobe bronchi of, in most cases,
the right lung. Surveillance with this simplified
lavage technique indicates that in most
ventilated patients, as in healthy people, the
lower airways remain sterile or yield transient
scanty growths of less than I10 cfu/ml of Gram
positive or Gram negative bacteria, which may
represent contamination of the lavage catheter.
Quantitative culture of lavage fluid enables
differentiation of contamination from coloni-
sation or infection,22 and we have defined
colonisation as a growth of more than 104 cfu/
ml obtained on more than one occasion in the
absence of clinical evidence of lung infection.
Applying these criteria, we found that in

eight of 14 patients staying more than 14 days
in the intensive care unit there was colonisation
of the distal airways with Pseudomonas spp
or Acinetobacter. All these patients were
receiving, or had recently completed, a course
of antibiotics and had severe underlying
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disease, factors that also predispose to
Pseudomonas and Acinetobacter pneumonia.'4
Prolonged colonisation for 7-21 days with
Acinetobacter or Pseudomonas maltophila
(recently renamed Xanthomonas maltophila)
was seen on four occasions, with subsequent
clinical evidence of pneumonia requiring
antibiotic treatment in only one case. Colonisa-
tion with Pseudomonas aeruginosa was followed
more rapidly (after 2-12 days) by manifesta-
tions of clinical infection in all of the remaining
six cases. In those six cases antibiotics
produced clinical improvement, despite rapid
recolonisation with antibiotic resistant variants
in two patients. The more rapid decline in
patients colonised with Pseudomonas aeruginosa
accords with the current view of the patho-
genicity of this organism.

Transitionfrom colonisation to infection
Transition from colonisation to infection is not
well understood. How a stable state ofcolonisa-
tion might progress to infection through the
production ofinflammatory mediators has been
discussed in detail elsewhere.0' It has also
been suggested that colonisation of the upper

or lower respiratory tract is a marker of a

severely ill patient, in whom the multiple
defects of host defence that lead to colonisation
also allow the progression to invasive infec-
tion.30

COLONISATION OF THE GASTROINTESTINAL
TRACT
In addition to the upper airways, another
reservoir of potentially pathogenic bacteria is
the gastrointestinal tract. Within 24-72 hours
of admission to the intensive care unit Gram
negative aerobic bacteria colonise the stomach
and small bowel, and compete with anaerobic
commensals of the large intestine.29 Antibiotic
resistance is common, possibly as a result of
exposure to small quantities of parenteral
antibiotics, which reach the gut in saliva, bile
and mucus.37
Upper airway colonisation may in many

cases be due to retrograde flow of gastric
secretions, a common occurrence in the inten-
sive care unit because of patients' supine pos-
ture, frequent gastroparesis, and the presence
of a nasogastric tube, which impairs gastro-
oesophageal sphincter function. Furthermore,
microaspiration of oropharyngeal and gastric
secretions into the trachea is known to occur

frequently and is not prevented by the endotra-
cheal tube cuff.?39 Radioactively labelled
material introduced into the stomach via a

nasogastric tube is subsequently found in the
oropharynx in 70% of patients and in the lungs
in 40% of patients.4' As aspiration frequently
occurs in healthy individuals without infective
sequelae, the development ofpneumonia in the
critically ill may depend on the dose of
inoculum, bacterial virulence, and the host's
immune response.
As an altemative to aspiration, there is

currently much interest in possible trans-
location of enteric organisms across damaged
intestinal mucosa as a mechanism for the
development of pneumonia. Both processes

may be promoted by several aspects of
management in the intensive care unit such as
prophylaxis of stress ulcers and loss of enteral
feeding.

Gastric luminalpH and stress ulcer prophylaxis
The incidence of massive gastrointestinal
bleeding in the intensive care unit has declined
over the last 20 years, probably owing to
improvement in such general measures as
cardiovascular resuscitation, nutrition, and
sedation, which affect acid secretion and
integrity of the gut mucosa. Stress ulcer pro-
phylaxis with antacids, H2 antagonists, or
cytoprotective agents has become routine, but
the contribution of these to the observed
reduction in gastrointestinal haemorrhage is in
question.4 42 Furthermore, there is concern
that raising gastric pH above 4 antagonises an
important natural defence mechanism suppres-
sing bacterial growth in the stomach and upper
small intestine.43

Colonisation of the stomach by Gram
negative aerobic bacteria is promoted by
antacids and H2 antagonists.27 445 A similar
increase in the degree of colonisation of the
oropharynx and tracheal secretions is seen in
ventilated patients receiving gastric acid
suppressing treatment." In most cases,
however, gastric Gram negative bacillary
colonisation follows colonisation of the
oropharynx or trachea, so the true importance
of retrograde carriage is still disputed."'7
Although alkalinisation of gastric juice

promotes abnormal gastric colonisation, and
possibly abnormal upper airway colonisation, it
is not clear whether it also increases the
incidence of nosocomial pneumonia. For
example, in a retrospective study of 233
mechanically ventilated patients treatment
with H2 antagonists was associated with an
increased incidence of pneumonia.' In con-
trast, in a prospective study of 40 mechanically
ventilated neurosurgical patients randomised
to receive ranitidine or no stress ulcer pro-
phylaxis there was no significant difference in
the rates of pneumonia.47

Sucralfate, a mucosal protective agent that
does not affect gastric pH, was associated with
an 80% lower incidence of pneumonia than
antacid treatment.' It was not clear from this
study, however, whether the two treatment
groups were comparable in terms ofunderlying
disease, nutritional regimen, and antibiotic
policy. In the widely quoted randomised
prospective study by Driks, in which the
comparability of the treatment groups was
made clear, the incidence ofpneumonia among
130 mechanically ventilated patients was 49%
in those receiving antacids combined with H2
antagonists, compared with a 23% incidence in
patients having sucralfate. Surprisingly,
patients receiving an H2 antagonist alone had a
still lower incidence of pneumonia of 6%.4
These studies failed to prove that either

antacids or H2 antagonists alone increase the
incidence of pneumonia, perhaps because a
single agent applied in conventional doses does
not invariably achieve alkalinisation. The com-
bination of two. acid suppressing agents may be
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more effective in this respect and hence increase
the incidence of pneumonia. The apparent
beneficial effect of sucralfate on pneumonia and
mortality rates may be due in part to its
intrinsic bactericidal action.4 48 Sucralfate also
influences the production of prostaglandin
(PGE2), mucus secretion, and mucosal blood
flow, and so could promote the integrity of the
whole gut mucosa.4' There is also experimental
evidence that sucralfate can reduce bacterial
translocation across the intact gut wall,49 which
may play a part in the pathogenesis of
nosocomial pneumonia. In cases where stress
ulcer prophylaxis is thought to be necessary the
balance of evidence, and theoretical considera-
tions, probably favour sucralfate rather than H2
blockers or antacids.
Many patients in the intensive care unit who

are not receiving stress ulcer prophylaxis have a
raised gastric luminal pH." This may be
related to the inhibitory effect of hypoxia or
splanchnic hypoperfusion on the energy re-
quiring process of acid secretion. The
incidence of a spontaneously high gastric pH
(> 4) in mechanically ventilated patients ranges
from 52%4 to 77%.5 Gastric colonisation
persisted in 55% of patients treated with
sucralfate after cardiac surgery.50 As the bac-
tericidal action of sucralfate is pH dependent48
this may limit the effectiveness of sucralfate as a
method of gastric sterilisation.

Selective decontamination of the digestive tract
An alternative method by which the enteric
reservoir of pathogens may be reduced is
selective decontamination of the digestive tract
(SDD). The objective of this is to prevent
nosocomial infections, particularly pneumonia.
SDD requires the administration of topical
non-absorbable antimicrobials to the mouth (as
a paste) and stomach (via a nasogastric tube). A
typical regimen combines polymixin E,
tobramycin or gentamicin, and amphotericin
B. These agents preserve normal anaerobic
gastrointestinal flora while Gram negative
aerobic bacteria and yeasts are eradicated.
Several studies have also used parenteral
cefotaxime during the first four to seven days in
the intensive care unit, to treat subclinical or
overt infection with "community" organisms,
and to reduce the acquisition of oropharyngeal
Gram negative aerobic bacteria during the
interval before selective decontamination ofthe
digestive tract is fully established.
Most SDD regimens achieve eradication of

oropharyngeal and gastric pathogens after
three to four days. Reducing carriage in the rest
of the colon is a slower process, dependent on
peristaltic activity. In patients with an ileus
abolition of rectal carriage can take up to 15
days.29
Although the effectiveness of SDD in

eradicating oropharyngeal and gastric colonisa-
tion appears undisputed, its impact on the
incidence of infections, nosocomial
pneumonia, and mortality is more controver-
sial. In 21 out of 22 published studies a
significant reduction in infection rates was
reported, with the greatest impact on Gram
negative respiratory tract infections.5 52

It may be argued that the inclusion of
tracheal aspirate culture as a criterion for
infection may lead to overdiagnosis of
pneumonia in the control group and under-
diagnosis in the group of treated patients, from
whom such cultures may yield negative results
owing to contamination with the agents used in
SDD. In those studies in which the diagnosis of
pneumonia was made on clinical grounds
alone, however, a significant reduction in
pneumonia rate was also seen.2953 Further-
more, in two studies using protected sampling
techniques positive cultures occurred only in
the control groups." 5 A more recent
study, however, has shown the presence of
tobramycin and amphotericin B in lung lavage
fluid, though at concentrations less than the
mean inhibitory concentration (MIC) of
bacteria cultured from simultaneous tracheal
aspirates.56 Whether undiluted distal bronchial
secretions contain high enough concentrations
of the agents used in SDD to inhibit their
growth in vitro is still not clear. Indeed, in some
cases aspiration of these agents might directly
inhibit lung colonisation or pneumonia.

In contrast to the significant and consistent
improvements in infection rates, only two
studies have shown a significant reduction in
overall mortality.5' Two further studies
reported a reduction in mortality attributable
to infections,53 57 whereas one large study found
a reduction in mortality only in the subgroup of
patients with trauma.29 The general lack of
impact on mortality may in some trials be due
to the relatively small numbers of patients, lack
of prognostic stratification, or use of neurosur-
gical and cardiac patients with low background
infection rates, who are thus unlikely to benefit.
Meta-analysis of 11 studies (1489 patients) has,
however, failed to confirm a reduction in mor-
tality,58 which may indicate that nosocomial
pneumonia is responsible for fewer deaths in
the intensive care unit than has previously been
assumed.

Resistance to the agents used in selective
decontamination of the digestive tract has
emerged among some isolates, but as yet no
infections with these resistant organisms have
followed.51 This leaves little room for
complacency as it may be only a matter of time
before infections with organisms resistant to
selective decontamination of the digestive tract
are seen.

Gut mucosal integrity: its relevance to nosocomial
pneumonia
It has been suggested that nosocomial
pneumonia might be caused not by aspiration
but by bacteria derived from the gut that have
migrated from the intestinal lumen to blood
across a damaged gut barrier, a process termed
gut bacterial translocation.59 6 This hypothesis
is consistent with the results of work relating
the incidence of pneumonia to colonisation of
the upper gastrointestinal tract as gastric
colonisation may promote colonisation of the
more distal intestinal tract.6' Indirect evidence
that translocation may cause lung infection
comes from human studies using the relatively
new technique of gastric or sigmoid tonometry
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for monitoring gut mucosal ischaemia. An
association has been found between duration
and degree of sigmoid ischaemia during
surgery and risk of nosocomial pneumonia two
to eight days after operation.6' In addition, in
ventilated patients in the intensive care unit
nosocomial pneumonia developed exclusively
in those patients with gut mucosal injury as
determined by gastric tonometry, guiac
positive nasogastric aspiration, endoscopic
evidence of mucosal injury, or bleeding.'
Gut ischaemia and other factors summarised

in table 5 have been shown to promote trans-
location of viable microorganisms across an
anatomically intact intestinal barrier. In these
mainly experimental studies translocation was
measured by recovery ofviable organisms from
regional lymph nodes, or directly visualised
with light and transmission electron micro-
scopy. Sequestration of enteric organisms
in mesenteric lymph nodes is also, however,
observed in patients with inflammatory bowel
disease and, to a lesser extent, in healthy
people.62 Thus the clinical relevance of
microbial translocation has yet to be fully
established.63

Interestingly, in a rat model dissemination of
live "4C labelled Escherichia coli has been shown
to follow translocation provoked by bowel
manipulation at laparotomy or ligation of the
superior mesenteric artery. Concentrations of
live bacteria were highest in the lung followed
(in descending order) by the liver, kidney,
heart, and spleen.'M A prospective clinical
study, however, in 20 trauma patients at risk of
gut ischaemia, using intraoperative portal vein
cannulation and sequential blood sampling, has
not confirmed significant portal or systemic
bacteraemia or gut derived endotoxaemia
within the first five days after injury.65 To prove
the importance of bacterial translocation in the
critically ill it will ultimately be necessary to
show that organisms not only pass through the
intestinal wall but consistently enter the portal
circulation and survive passage through the
liver before lodging in and infecting the lung.

Enteral versus parenteral nutrition
Long held convictions about the value of
postoperative total parenteral nutrition are

Table 5 Factors promoting translocation of
microorganisms as measured by recovery of viable
organismsfrom the regional lymph nodeS5 6482

Promoted by
Haemorrhagic shock
Intestinal obstruction
Parenterally administered endotoxin
Hyperpyrexia
Thermal injury
Parenteral feeding
Elemental diets
Cytotoxic drugs
Obstructive jaundice
Antibiotics causing Gram negative bacterial overgrowth

Decreased by
Complete enteral diets
Glutamine
Bombesin
Prevention of intestinal ischaemia
Sucralfate

being challenged.'M In most studies it has not
improved outcome. There is evidence of an
intravenous lipid related immunosuppressive
effect66 and an increase in infective complica-
tions, particularly pneumonia.59 Moreover, it is
now recognised that gut mucosa derives much
of its nutrition from the gut lumen. The gut
requires short chain fatty acids, produced by
anaerobic flora metabolising dietary fibre, and
the amino acid glutamine,67 which is too un-
stable for inclusion in standard total parenteral
nutrition solutions. Animal models confirm that
total parenteral nutrition leads to atrophy ofthe
gut mucosaTM and increased bacterial transloca-
tion,69 whereas enteral nutrition can enhance
splanchnic blood flow70 and, if it contains
glutamine, maintain mucosal integrity and
reduce bacterial translocation.67 Glutamine
supplementation of total parenteral nutrition
may be as beneficial.67

In contrast, human studies have shown
intact duodenal mucosal morphology7' and
secretion of gut hormones72 even after 21 days
ofglutamine deficient total parenteral nutrition.
Possibly there is an interspecies variation in
mucosal resistance resulting from differences in
enterocyte turnover rate (J Macfie, personal
communication).

Enteral feeding may not be without adverse
effects. One study reported the high incidence
of nosocomial pneumonia of 54% in mechani-
cally ventilated patients receiving continuous
enteral nutrition.73 This may be related to
neutralisation of gastric acid, for a substantial
rise in the number of Gram negative bacteria
has been found in gastric juice after the start of
enteral feeding.' Contamination of enteral
feeding solutions at the time of preparation or
administration has also led to infection,74
though the risk with commercially prepared
solutions is very low.
Recent recommendations for enteral feeding

have included intermittent nasogastric feeding
regimens, to allow a period of "natural"
sterilisation.75 In postoperative ileus, which
affects primarily the stomach and colon, feeding
via nasoduodenal or nasojejunal tubes facili-
tates the establishment of enteral feeding.
Placement offeeding tubes in the duodenum or
jejunum may require endoscopic or fluoro-
scopic guidance but the potential benefits are
considerable.

Importance of nosocomial pneumonia in
the intensive care unit
Mortality from nosocomial pneumonia is
widely reported to exceed 40% and is assumed
to reflect the direct effect of lung infection.
There is evidence, however, to suggest that the
mortality may be more a function of the
severity of the underlying disease than lung
infection per se. In one large study, using
multivariate analysis, of the risk factors
associated with fatality in ventilated patients in
the intensive care unit several factors, but not
nosocomial pneumonia, were significantly cor-
related with mortality.' In another investi-
gation, a matched cohort study of hospital
acquired pneumonia, the excess number of
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deaths attributable to pneumonia was only
marginally significant.76A more recent study, of
pneumonia diagnosed by telescoping plugged
catheter specimens in mechanically ventilated
patients," found the mortality rate of 42%
similar to that in ventilated patients without
pneumonia (38%).

Indirect support for the idea that most
patients in the intensive care unit die with
rather than from their nosocomial pneumonia
comes from trials of selective digestive tract
decontamination, which have had little impact
on mortality despite the reduction in the rates
of pneumonia and other infections.
The assumption that nosocomial pneumonia

is an important cause of morbidity in the
intensive care unit is called into question by the
findings of three trials of selective decontami-
nation of the digestive tract that preventing
pneumonia had no significant effect on duration
of time on a ventilator and in the intensive care
unit.35457 By contrast, other studies have
shown that nosocomial pneumonia lengthened
the mean stay in the intensive care unit by up to
21 days.7778

NOSOCOMIAL PNEUMONIA, SEPSIS SYNDROME,
AND MULTIPLE ORGAN FAILURE
Nosocomial pneumonia may be complicated by
the sepsis and multiple organ failure syn-
dromes, both of which have a poor prognosis.
In the critically ill, however, the chain of
causation is often obscure. Clearly in some
patients in the intensive care unit pneumonia is
the primary event that leads to the sepsis
syndrome and multiple organ failure. On the
other hand, lung infection may be a con-
sequence of bacteraemia following breakdown
of the gut barrier and translocation of bacteria
and endotoxin. In these circumstances gut
failure initiates the systemic inflammatory
response and so provides the "motor of multi-
organ failure. 61 65 7980

Future considerations
The accurate diagnosis of nosocomial pneu-
monia rests on the identification of several
clinical criteria combined with reliable micro-
biological tests, as provided by protected brush
specimens, telescoping plugged catheter
specimens, or lung lavage. Reducing the
incidence of nosocomial pneumonia requires a
multi-pronged approach. A low gastric pH
should be encouraged by avoidance of acid
suppressing drugs. Adequate mucosal oxygen-
ation for acid generation must be maintained.
The adoption of intermittent rather than con-
tinuous nasogastric feeding regimens may be
desirable. Nasojejunal feeding offers substantial
advantages and reduces the need for total
parenteral nutrition. Reservations about the
routine use of selective decontamination of the
digestive tract in preventing nosocomial
pneumonia must remain. Its selective use in
patients with, or at risk from, intestinal
hypoperfusion or luminal Gram negative
colonisation may be justified. There may be a
place for other new therapeutic developments,
such as prevention of bacterial adherence by
topical treatment with protease inhibitors, IgA,

or fibronectin,75 and immunomodulation with
monoclonal biopharmaceutical products.81-3
An integrated approach of this sort might
produce a greater impact on mortality as it
takes into account the possible inter-
dependence of nosocomial pneumonia, gut
barrier function, the sepsis syndrome, and
multi-organ failure.
The arguments presented in this review

attempt to characterise the importance of
nosocomial pneumonia in terms both of its true
incidence and direct morbidity and of the
attributable mortality. We maintain that
nosocomial pneumonia should be viewed not
only as a cause but also as a consequence of
critical illness. As Louis Pasteur concluded in
1895, "The germ is nothing, the soil is every-
thing."84
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