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Abstract. A retrospective survey was conducted of  all 
patients with severe aspiration pneumonitis requiring 
artificial ventilation in our Intensive Care Unit from 
1982-1986 inclusive. Of 38 patients, 8 (21070) died. 
Five of  these deaths were due to severe primary in- 
tracranial pathology, and occurred after complete or 
almost complete resolution of the pneumonitis. One 
death (2.5070) due to myocardial infarction was possib- 
ly related to aspiration, and 2 deaths (5070) were 
definitely related to aspiration. The 7.5°70 mortality 
related to aspiration is considerably lower than in pre- 
vious clinical studies of  severe aspiration pneumonia. 
There was only one death due to aspiration in patients 
under the age of  70. The mean arterial to alveolar ox- 
ygen tension ratio was 0.221, and the mean predicted 
mortality by apache II was 43070. Patients were manag- 
ed with rapid intravascular volume restoration using 
crystalloid fluids, early ventilation, no steroids, and 
no immediate antibiotics. We conclude that with such 
management it is possible to achieve a low hospital 
mortality in severe aspiration pneumonia, particularly 
in young patients. 
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Most clinical studies of  severe aspiration pneumonia 
have shown a high mortality, in the range of 30°70 to 
82°70 [1-7] .  Most deaths in these studies appear to be 
attributable to the aspiration rather than to the 
underlying illness. In one study [2], patients who had 
two or more lobes of  the lung involved had a mortality 
of  90070. Many review articles, particularly those 
discussing aspiration pneumonia in association with 
anaesthesia, stress the importance of  avoiding aspira- 

tion because of  this very high mortality, and place lit- 
tle emphasis on treatment. 

Many clinicians however, currently appear to 
believe that in their experience the mortality from this 
condition is very much lower than in these published 
studies. We were aware of  very few patients in our In- 
tensive Care Unit (ICU) who had died as a result of 
aspiration, and so undertook this retrospective study. 

Patients and methods 

The casenotes were scrutinised of  all patients over 2 
years of  age who had aspiration pneumonia recorded 
as a diagnosis in the ICU admission/discharge book 
from 1982-1986 inclusive. Patients were included in 
the study if they fulfilled the following criteria: (1) 
They had a risk factor for aspiration such as impaired 
conscious level, bulbar function or neuromuscular 
function. (2) There had been a sudden (<  12 h) devel- 
opment of hypoxaemia, new infiltrates on chest x-ray, 
and either fever or leucocytosis. (3) Either the aspira- 
tion had been observed, or gastric contents had been 
suctioned from the endotracheal tube following in- 
tubation, or in the individual clinical setting the diag- 
nosis of aspiration was virtually certain. (4) The pa- 
tient had required artificial ventilation. 

Details of  the severity of the pneumonitis, treat- 
ment and hospital mortality were recorded for patients 
entering the study. Predicted mortality was calculated 
for each patient using the apache II scoring system [8]. 

Exclusions 

Of the 57 patients who had aspiration recorded as a di- 
agnosis during the study period, 13 were excluded 
either because the pneumonitis was not sufficiently 
severe to require ventilation, or because they did not 
meet all the other criteria. There were no hospital 
deaths in these patients. 
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Table 1. Data on the 38 study patients (means _+ SD) 
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PaO2/FiO2 a (mmHg) PaO2/PAO2 a ratio Max. temp. (°C) Max. WBC (x  103/cu'mm) 

Before ventilation 139 + 62 0.237 +_ 0.113 
38.4_+0.8 18.7+7.1 After ventilation 136 + 55 0.221 _+ 0.096 

a PaO2/FiO 2 = arterial oxygen tension to fractional inspired oxygen concentration ratio. PaO2/PAO 2 ratio = arterial to alveolar oxygen 
tension ratio. "Before ventilation" values are the last values before ventilation was commenced. "After ventilation" values are the worst 
values within 48 h of commencement of ventilation. Maximum temperature and leucocyte count (WBC) are the highest values recorded from 
the time of aspiration up to 48 h following the commencement of ventilation 

Table 2. Admission diagnoses in the 38 study patients 

Diagnosis Number 

Head injury 5 
Cerebral haemorrhage/infarct 2 
Drug overdose 6 
Anaesthetic related 8 
Post-cardiac arrest 5 
Epilepsy 2 
GuiUian Barr6 syndrome 2 
Miscellaneous 8 

Total 38 

Table 3. Neurological deaths 

1. 35 years. I.V. drug overdose-apnoea. Resuscitated. Remained 
vegetative, fitting. Lung function normal at 3 weeks. Died at 6 
weeks 

2. 68 years. Cerebellar infarction. Remained unconscious. Ex- 
tubated at 6 days with near-normal lung function. Died day 15 

3. 41 years. Subarachnoid haemorrhage. Rebleed on day 4 - brain 
death. Lung function near-normal 

4. 68 years. Haematemisis. Developed dense right hemiparesis and 
obtundation post-op. Aspirated, ventilated. Deteriorated neuro- 
logically. Extubated on day 4 with near-normal lung function. 
Died day 7 

5. 2 years. Meningitis - coma - aspiration. Lung function much 
improved by 24 h. Brain dead at 36 h 

Three patients were excluded because on careful 
review it was felt that they had not had aspiration 
pneumonia, and they did not fulfill all of  the criteria. 
There was 1 death in this group: a 72-year-old man 
who was admitted to hospital in a moribund condition 
with severe streptococcal pneumonia, septicaemia, 
shock and renal failure with a serum potassium of  
7.8 mmol/1. He had a cardiac arrest shortly after ad- 
mission to the ward, and was resuscitated, intubated, 
and admitted to the ICU. Because his oxygenation had 
deteriorated following this episode, the possibility of  
aspiration had been considered, but there was no 
evidence to support this, and his chest x-ray remained 
unchanged following the episode. He remained mori- 
bund and hypotensive and died shortly after admis- 
sion to the ICU. 

Three patients were excluded because their 
casenotes were lost. There was 1 death in these pa- 
tients, recorded as being due to myocardial infarction. 
The patient had not been ventilated, so if he had 
aspirated it was presumably mild, and he did not meet 
the study entry criteria. 

Results 

The remaining 38 patients entered the study. Table 1 
shows data on these patients relating to oxygenation, 
temperature and white cell count, and Table 2 shows 
the underlying diagnoses. 

The mean predicted mortality (+_ SD) derived from 
apache II was 43% _+24°7o using the patients' primary 
diagnosis and 42% +21% using aspiration as the diag- 
nosis. 

Seventeen patients had only one lobe involved 
radiologically, and 21 patients had involvement of  2 or 
more lobes. 

Mortality 

In total there were 8 hospital deaths (21%). This is sig- 
nificantly less than the 43% mortality predicted by 
apache II (~2 = 7.47, p<0.01) .  Only 3 deaths (7.5%) 
were considered to be related to aspiration. 

Two of  the 3 deaths related to aspiration were in 
patients with pneumonitis involving all areas of  lung, 
and the third was in a patient with 4 lobe involvement. 
There were no deaths related to aspiration in patients 
with involvement of  3 lobes or less. 

Five deaths (13%) were due to severe primary in- 
tracranial pathology, occurring after complete or 
almost complete resolution of  the pneumonitis. We 
felt that these deaths were clearly unrelated to the 
aspiration. In no case was there a period of  profound 
hypoxia subsequent to aspiration which we felt had 
contributed to the final neurologic outcome. Details 
of  these patients are shown in Table 3. 
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Two deaths (5%) were due to aspiration. One was 
in a 33-year-old woman with Guillian Barr6 syndrome, 
who aspirated leading to severe Adult Respiratory 
Distress Syndrome (ARDS) ten days later. Extracor- 
poreal CO2 removal as described by Gattinoni [9] 
resulted in marked improvement in her respiratory 
failure but she died from a subarachnoid haemor- 
rhage. The second was in a 78-year-old lady who died 
from septic shock 5 days after aspiration, having been 
initially treated with captopril and diuretics for 3 days 
for presumed heart failure before referral to the ICU. 

One death may have been related to aspiration. 
This was in a 72-year-old man who aspirated following 
surgery and was ventilated. His pneumonitis had 
almost completely resolved by day 3, but he developed 
a myocardial infarction leading to a ventricular septal 
defect and cardiogenic shock, and died. We considered 
that the aspiration may have contributed to the devel- 
opment of his myocardial infarction. 

Management 

A policy of early referral had been encouraged in the 
hospital, and in 35 patients ventilation was commenc- 
ed within 12 h of  the episode of  aspiration, and in 32 
patients it was commenced within 6 h. 

Fluid therapy consisted of rapid intravascular 
volume replacement with crystalloid fluids, guided by 
measurement of pulmonary capillary wedge pressure 
(PCWP) in a number of  cases. In the adult patients 
the volume of  fluid administered as normal saline or 
lactated Ringers solution in addition to maintenance 
fluids ranged from 0.75 to 7.5 1 over the 24 h following 
admission to the ICU. Fluid was infused as required to 
improve blood pressure, skin perfusion and urine out- 
put, without increasing PCWP above 18 to 20 mm. 
Hg. After reaching a PCWP in this range, inotropic 
drugs were used if necessary. All PCWP measure- 
ments were made from a calibrated oscilloscope at end 
expiration without removing PEEP, with the 
transducer at mid chest position. No patients received 
colloid fluid. Diuretics were not used except in the one 
patient who developed a myocardial infarction and 

Table 4. Mortality in aspiration pneumonia 

Mendelson (1946) 0 
Awe et al. (1966) 7 0 %  
Cameron et al. (1973) 62% 
Bynum et al. (1976) 28% 

Wolfe et al. (1977) 30% 
Olsson et al. (1986) 38% 
Baumann et al. (1986) 85% 
This study 21% 

(90% if > 1 lobe) 
(14% if PaO2/PAO2>0.5 
48% if PaO2/PAO2<0.5 ) 

(in ventilated patients) 

(total deaths) 
7.5% (related to aspiration) 

ventricular septal defect, and developed high wedge 
pres su res .  

No patients received steroids, and none received 
initial antibiotic therapy because of  the aspiration, 
although 3 did so for other indications. 52% of  pa- 
tients received antibiotic therapy eventually, commen- 
cing at a mean of  4.4 days after aspiration, although 
this therapy was considered to be appropriate in only 
36% of patients. In many patients bronchial brushings 
using the double sleeved protected specimen brush 
[10] were used to guide antimicrobial therapy. 

Discussion 

Most clinical studies of aspiration pneumonia have re- 
ported a high mortality [1 -7 ] .  One of  the most widely 
quoted studies [2] reported a mortality of  62% in 47 
patients. If only 1 lobe was involved the mortality was 
41%, but if 2 or more lobes were involved the mortali- 
ty was 90%. Death was directly due to aspiration in 
79% of the cases, related to aspiration in a further 
17% and unrelated to aspiration in only 4%. Our pa- 
tients had a mortality related to aspiration of  7.5%0 (3 
of  38) overall, 14% (3 of  21) in patients with 2 or more 
lobe involvement, and O in those with 1 lobe involve- 
ment. Table 4 shows the reported mortality in other 

_clinical studies. The absence of  mortality in Mendel- 
son's series in 1946 has not been explained, but there 
is no information on the severity of the pneumonitis 
or the management of  these patients, and the result is 
difficult to interpret. 

One of  the difficulties in comparing mortality be- 
tween published studies is that it is directly related to 
the severity of pneumonitis, as illustrated in the study 
by Cameron et al. [2] described above, and in that of  
Bynum et al. [3]. In the latter study the mortality was 
28% overall, but in patients with an arterial to alveolar 
oxygen tension ratio (PaOa/PAO: ratio) >0.5 the 
mortality was only 14%, whereas in those with a 
PaOz/PAOa ratio < 0.5 the mortality was 48%. None 
of  our patients had a ratio of  > 0.5, and the mean of 
0.237 was less than half this value. 

In order to exclude patients with mild aspiration 
from the study we included only patients requiring ar- 
tificial ventilation. Some patients who were un- 
conscious due to intracranial pathology or drug over- 
dose had been intubated for airway protection, and it 
is possible that some of  these patients may not have 
received ventilation for their aspiration pneumonia 
had they not been unconscious. Six such unconscious 
patients had a PaO2/PAO a ratio > 0.3, but none had 
a ratio > 0.38. Thus even these 6 patients had a severe 
pneumoniti's and would have fallen well within the 
more severe group, with a mortality of  48%, in the 
study of Bynum et al. [3]. 
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Unfortunately, most published studies on aspira- 
tion pneumonia have not specified the severity of the 
pneumonitis, but the majority have included a 
substantial number of patients not requiring ventila- 
tion. It does seem probable therefore, that the patients 
described in this study had a severity of pneumonitis 
at least as great as in most other published studies. 
The mortality of 43% predicted by the apache II scor- 
ing system is a further indication that the pneumonitis 
in this group of patients was severe. 

There is unfortunately no specific diagnostic tech- 
nique for aspiration pneumonitis, and the diagnosis is 
normally based on the sudden appearance of hypox- 
aemia, new infiltrates on chest x-ray, fever and leuko- 
cytosis following an observed episode of vomiting or 
regurgitation, in a patient who has a risk factor such 
as impaired conscious level. Aspiration of gastric con- 
tents from the trachea provides further evidence. In 
many patients however the episode of aspiration is not 
observed, but when the above clinical changes appear 
suddenly in a patient with previously normal lungs, in 
a setting such as a sedative drug overdose or general 
anaesthesia, it is virtually certain that the cause is 
aspiration. 

We cannot be completely sure that in a few of our 
patients with head trauma, cerebral haemorrhage, or 
intravenous drug abuse, the lung consolidation was 
not due to neurogenic pulmonary oedema or ARDS 
from other causes, rather than aspiration. The report- 
ed mortality from these conditions is also high how- 
ever, and even if such other aetiologies were present in 
a few patients this would not be expected to result in 
an artificially low mortality. There was little doubt 
about the diagnosis in the great majority of patients 
however. 

Many aspects of management of this condition are 
controversial. There is still no universal agreement 
about the use of steroids, although several studies have 
shown a very high incidence of serious life-threatening 
infections in critically ill patients associated with the 
use of even a short course of steroids [4, 11, 12]. 

One of the main areas of controversy in this condi- 
tion concerns fluid therapy. Some authors have argued 
that fluid restriction and diuretic therapy are desirable, 
in order to reduce blood volume and pulmonary 
microvascular pressure, and thus hopefully to reduce 
pulmonary oedema formation [13-16]. In support of 
this argument some studies have demonstrated a 
reduction in pulmonary oedema and improved gas ex- 
change over a few hours, in various animal models of 
acute lung injury, following various forms of treat- 
ment achieving a reduction in lung microvascular 
pressure [17-19]. Other studies have failed to show 
any effect of such therapy on pulmonary oedema how- 
ever [20-22]. 

It has been clearly demonstrated in a number of 
studies that aspiration pneumonia can result in quite 
profound hypovolaemia [1, 22-25] due to sequestra- 
tion of fluid both in the lung and in systemic tissues 
[23]. Many authors and clinicians advocate fluid re- 
placement therapy in order to restore blood volume 
and tissue perfusion towards normal [1, 22, 26-29]. 

Even if dehydration therapy does reduce pulmo- 
nary oedema and improve gas exchange in the short 
term, it is by no means certain that it will be beneficial 
in the long term. Indeed it could conceivably be 
detrimental and result in increased mortality. There 
are several reasons to consider this possibility: 

1. Pulmonary oedema is only a symptom of the 
underlying lung injury, and it is unlikely that treating 
the pulmonary oedema will directly facilitate repair of 
the lung injury. 

2. With modern supportive therapy patients with 
ARDS rarely die from pulmonary oedema. Deaths are 
usually due to sepsis or to progressive pulmonary 
fibrosis and pulmonary hypertension [30, 31], and 
following aspiration some early deaths probably occur 
due to profound hypotension and hypovolaemia. 

3. Dehydration therapy will increase the hypovol- 
aemia already present in many patients [1, 22-25], 
and thus decrease cardiac output, tissue perfusion and 
oxygen transport. 

4. Hypovolaemic shock is clearly one of the factors 
which can lead to the development of ARDS. It seems 
quite conceivable that the addition of severe hypo- 
volaemia to an aspiration injury may exacerbate the 
lung injury by further activation of mediators. It has 
been shown experimentally that hypoxia can act syner- 
gistically with complement activation leading to lung 
injury [32], and it is possible that hypovolaemia, re- 
suiting in tissue hypoxia, may act in a similar manner. 

5. Recent work from several centres has demon- 
strated that in most patients with ARDS oxygen up- 
take (902) is dependent on oxygen delivery [33-35]. 
Thus a fall in cardiac output associated with dehydra- 
tion therapy will likely result in a decrease in 902, 
and this may result in tissue hypoxia and organ 
damage. 

6. Popper et al. [36] demonstrated in a recent 
animal study that localised aspiration resulted in the 
presence in the lung of inflammatory mediators in- 
cluding activated complement components and pro- 
staglandins, leading to generalised inflammation of all 
areas of the lung. This inflammation, and subsequent 
fibrosis, was almost completely prevented by kallikrein 
inhibitor given at the time of the aspiration. Thus 
much of the pneumonitis following aspiration appears 
to be a secondary effect due to the production of in- 
flammatory mediators rather than a direct effect of 
the aspiration. 
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Manny et al. also demonstrated in a recent ex- 
perimental study [23] that localised aspiration resulted 
in the production by the lung of thromboxane A2, 
and this was present in very high concentrations in 
pulmonary oedema fluid. The authors felt that other 
inflammatory mediators were probably also produced. 
These substances resulted in inflammation and fluid 
sequestration in non-aspirated areas of lung and in 
systemic tissues, and at autopsy the aspirated and non- 
aspirated lung were indistinguishable. These mediators 
would presumably also be present in a high concentra- 
tion in lung lymph. If dehydration therapy is suc- 
cessful in its goal of reducing lung microvascular 
pressure and fluid flux, it will reduce lung lymph flow 
and thus reduce the rate of lymphatic removal of in- 
flammatory mediators from the lung interstitium. 
This may result in progressive lung injury in the long 
term even if pulmonary oedema is reduced in the short 
term. 

It is also conceivable however, that the entry to the 
lung interstitium of precursors of inflammatory 
mediators in the pulmonary oedema fluid may ac- 
celerate the inflammatory process. If this is the case, 
then dehydration therapy may reduce this effect. 

Thus aspiration pneumonia is a complex and in- 
completely understood condition, and whilst fluid 
therapy remains controversial it is at least possible that 
dehydration therapy may be detrimental to the lung in 
the long term. Virtually all experimental studies ad- 
dressing fluid therapy in acute lung injury have been 
conducted for only a few hours, to assess the effect on 
pulmonary oedema. 

Most clinical studies have not described fluid 
management. Long term studies are needed to assess 
the effect on the long term progression of the 
pneumonitis and on mortality. The results of this 
study tend to suggest that generous fluid replacement 
therapy is not detrimental. 

The controversy concerning the use of crystalloid 
or colloid fluids in patients with acute lung injury is 
complex and will not be discussed, but many carefully 
conducted experimental studies using direct measure- 
ment of pulmonary extravascular water (PEVW) have 
shown that the choice of fluid made no difference to 
PEVW [22, 37-39]. 

Another factor which may have contributed to the 
low mortality in this study was the early use of ventila- 
tion, with 92% of patients having ventilation com- 
menced within 12 h of aspiration, and 84% within 6 h. 
Cameron et al. have shown in an animal model [40] 
that the immediate use of ventilation for 6 h following 
aspiration reduced the mortality from 80% in the con- 
trol group to 0 in the immediate ventilation group, 
even though most deaths in the control group occurred 
after several days, well after the ventilation period in 

the study group. Ventilation for the same duration but 
after a 24 h delay had no effect, the mortality remain- 
ing at 80°7o. The mechanism of this effect has not been 
explained. Henson's observation that hypoxia has a 
synergistic effect with complement activation in in- 
ducing lung injury [32], suggests that the early institu- 
tion of ventilation may prevent hypoxia from inducing 
an acceleration of the inflammatory response follow- 
ing aspiration. Unfortunately no clinical studies have 
adequately addressed the question of whether this 
prophylactic effect of early ventilation occurs in 
humans following aspiration, and if so how soon ven- 
tilation must be instituted. 

To our knowledge the mortality of 7.5°7o at- 
tributable to aspiration in this study is the lowest re- 
ported mortality in severe aspiration pneumonia re- 
quiring ventilation, and indeed it is much lower than 
in most reported studies including patients with less 
severe pneumonitis. We do not believe that these 
results are unique, and are aware of many other clini- 
cians who also believe intuitively that mortality from 
this condition in their own Intensive Care Units is cur- 
rently very low. Many recent reviews however continue 
to quote very high mortality figures for aspiration 
pneumonia, and therefore stress that prevention of 
aspiration is the only way to reduce mortality. 

We suggest that the mortality from aspiration 
pneumonia can be very low, especially in young pa- 
tients (only 1 patient under the age of 70 died from 
aspiration in this study). We also suggest that good 
early management including ventilation and adequate 
fluid replacement therapy may be important in achiev- 
ing a low mortality, but more work is needed to deter- 
mine the long-term consequences of different ap- 
proaches to fluid and ventilatory management in this 
condition. 
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