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ABSTRACT 

The effects of acid aspiration on lung mechanics, gas exchange, haemodynamics and lung 
water, and their modification by nebulized dexamethasone were studied in 10 dogs. Each dog 
received 0. I N l-lCI pH of 1.0 (15 mill vital capacity), instilled down the tracheal tube. PEEP 
0.98 kPa (10cm H20) was introduced 20 minutes after aspiration and was continued until the 
completion of experiment. Treated animals (N = 5) received dexamethasone 5 rag. kg -~ by 
continuous nebulization over a two hour period starting 20 minutes after aspiration. Untreated 
(N = 5) animals received nebulized saline. Measurements were taken before aspiration and at 
20 minutes 2.5 and 5,0 hours after aspiration. Red blood cells labelled with s~Cr were injected 
before sacrifice. After sacrifice multiple lung samples were taken for measurement of 
pulmonary extravascular water (PEW) by the gravimetric technique. Acid aspiration caused 
significant changes in lung volumes, Pace, and intrapulmonary shunt. Pulmonary extravas 
cular water was 6.16 + 0.93 ml/g dry tissue in treated and 6.47 +_ 0.60 ml/g dry tissue in 
untreated animals. These results indicate the presence of severe pulmonary oedema. There 
were no significant differences in any measured parameter between treated and untreated 
animals. We conclude that nebulized dexamethasone is of no value in treatment of the acute 
changes induced by acid aspiration. 
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ASPIRATION of gastric contents  continues to be a 
major complication of general anaesthesia, par- 

ticularly in the obstetrical patlent.I Treatment  of  
established acid aspiration includes tracheal suc- 
tioning, maintenance of  intravascular volume, 
oxygenation,  and mechanical ventilation with 
or  without positive end-expiratory pressure 
(PEEP). 2 Although the use of parenteral steroids 
remains controversial ,  they are recommended in 
most basic anaes thes ia )  "4 med ica l :  su rg ica l :  
and obstetrical 7 texts. Despite these recommen- 
dations, there is little experimental  evidence 
indicating the value of  parenteral steroids in the 
treatment of  aspiration of acid or  food and several 
authors 8"9 have questioned the safety of paren- 
teral steroids in patients who are at increased risk 
of infection. 

The value of  steroids administered by the 

tracheal route is unproved, Two studies~~ have 
claimed marked improvement  in animals with 

experimental acid aspiration treated with endo- 
tracheal steroids alone or in combination with 
intramuscular steroids. However ,  an additional 
study ~z showed no improvement in animals with 
aspiration, and the development  of pneumonitis 
in animals without aspiration suggesting a possi- 
ble deleterious effect of  endotracheal steroids. 
All three studies were uncontrolled and did not 
include full modern supportive therapy. 

The purpose of this study was to investigate 
the effects of nebulized dexamethasone in dogs 
with acute acid aspiration who were also treated 
with oxygenation,  mechanical ventilation, PEEP 
and maintenance of intravascular  volume. 

METHODS AND MATERIALS 
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Ten mongrel dogs (wt. 18-29 kg) were anaes- 
thetized with pentobarbitone sodium 25 rag-kg -t ,  
the trachea was intubated and the lungs were 
ventilated with a Harvard animal respirator to 
maintain Paco2 at 4,25-5.32 kPa (32-40 torr), 
Fio~ was 1.0 throughout the experiment.  A ther- 
modilution Swan-Ganz catheter (Electronics for 
Medicine 620040) was placed in the pulmonary 
artery for measurement  of pulmonary artery 
pressure (Ppa) and cardiac output (CO). Addi- 
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tional catheters were placed in the left common 
carotid artery, pulmonary capillary wedge posi- 
tion and right femoral vein for measurement of 
systemic blood pressure (B.P.), pulmonary capil- 
lary wedge pressure (Ppaw) and for sampling of 
blood and injection of drugs. Transducers for 
measurement of vascular pressures (Statham 
P23BB, Hewlett-Packard X0180) were zero ref- 
erenced at the bottom of the lung (5 cm above the 
back of the animal). Pleural pressure (Ppl) was 
measured with an oesophageal balloon catheter 
(Young's Rubber Corporation, Trenton, N.J.) 
which was positioned in the lower one-third of 
the oesophagus at the point of maximum negative 
end expiratory pressure. The animals were posi- 
tioned supine in a plexiglass volume displacement 
body plethysmograph and volume was measured 
with a Krogh spirometer coupled to a linear 
displacement transducer (Sanborn Lynearsyn 
585 D.T.-250, Hewlett-Packard). This system 
has a frequency response which is fiat to eight 
cycles/second. Transpulmonary pressure (PL) 
was obtained by subtracting pleural pressure 
(Ppl) from tracheal pressure using a differential 
pressure transducer (Validyne Model M.P. 45-2). 
Functional residual capacity (FRC) was deter- 
mined by the gas compression technique based 
on Boyle's law, 13 residual volume (RV) was 
defined as the lung volume at a PL of --2.94 kPa 
( -30  cm H20) and a total lung capacity (TLC) 
was defined as the lung volume at a PL of 
+2.94 kPa (+30 cm HzO). 

Control measurements of arterial and mixed 
venous blood gases (temperature corrected, Ra- 
diometer ABLZ Acid-Base Laboratory), vascular 
pressures (BP, Ppa, Ppaw), subdivisions of lung 
volume (TLC, VC, FRC, RV) a quasi-static 
deflation pressure volume curve of the lung, 
cardiac output, total serum proteins (American 
Optical T-S meter, B5996-I), haemoglobin (Am- 
erican Optical haemoglobinometer 134521) and 
haematocrit were obtained. Measurements of 
lung mechanics and vascular pressures were 
recorded on a Hewlett-Packard (7758B) eight 
channel recorder. After control measurements, 
0. IN HCI, pH 1.0 in a dose of 15ml per litre of 
measured vital capacity was instilled down the 
tracheal tube and the lungs were inflated to total 
lung capacity. Repeat measurements were taken 
20 minutes after aspiration and all dogs were 
placed on PEEP of 0.98 kPa (10 cm H20) for the 
remainder of the experiment. Ringer's solution 
was infused at a rate to maintain cardiac output at 
near control levels. The dogs were randomized 
into two groups: treated (N= 5) received nebu- 
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lized dexamethasone over two hours in a dose of 
5 mg. kg -~ by Hudson nebulizer(Updraft Neb-U- 
Mist 1700). This nebulizer produces 6 x 106 
particles/ft 3 at 8-10 I/rain, 75 per cent of which 
are <31a in size. Untreated animals (N = 5) 
received nebulized saline over the same time 
period. Repeat measurements were taken 2.5 and 
5.0 hours after aspiration. Five minutes before 
sacrifice with intra-aortic saturated KCI, red 
blood cells tagged with 100u Ci 5~Cr were injected 
as a marker of pulmonary blood volume to 
determine pulmonary extravascular water by the 
gravimetric technique. ~4 Blood samples were 
drawn from the pulmonary artery for later deter- 
mination of haematocrit, wet-to-dry weight ratio 
(W/D) of blood, and radioactive counts of s ~Cr so 
that extravascular water could be calculated. ~4 
After sacrifice, the chest was widely opened and 
multiple lung samples were taken in a systematic 
fashion and were then placed in pre-weighed 
glass scintillation vials and re-weighed to obtain 
wet lung weight (WW). The amount of radioac- 
tivity of s~Cr in the lung samples and systemic 
blood was determined using a Beckman three- 
channel gamma scintillation spectrometer 
(Model 7000). Correction was made for back- 
ground radioactivity. Samples were then dried in 
an oven at 65~ until no further weight change was 
recorded and reweighed to obtain dry lung weight 
(DW). Plasma oncotic pressure was calculated 
from the equation of Landis and Pappenheimer ~S 
and pulmonary capillary hydrostatic pressure 
(Pc) from Gaar & Taylor, et al.~6 Intrapulmonary 
shunt (Qs/Qt) was calculated in a standard fash- 
ion.~7 Static compliance was calculated from the 
expiratory pressure-volume curve of the lung 
over 500 ml above FRC. 

Unpaired t-tests were done between treated 
and untreated groups and paired t-tests within 
groups. Significance was at p < 0.05. 

CALCULATIONS 

1. Calculations of lung water were based on the 
assumption that pulmonary artery haematocrit 
was representative of small vessel lung haemat- 
ocrit. 

Using the measurements of wet and dry ratios 
and stCr counts for lung and blood samples, we 
calculated total lung water (TLW), blood water 
(BW) and pulmonary extravascular water (PEW) 
and expressed these parameters per gram of dry 
extravascular tissue (gtd). 

Total Lung Water. TLW (g water/g lung) was 
obtained from measurements of sample wet and 
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dry weights 

T L W  = W / D -  I 

Blood Water. BW (g blood/g lung) was ob- 
tained by dividing the n u m b e r  of s~Cr counts /g  
lung by the n u m b e r  of ~ C r  counts /g  systemic 
blood and multiplying this by the fract ion of 
wate r  in the blood 

s tCr  counts /g  lung 
B W =  

s tCr counts /g  sys temic  blood 

x (1 - D/W blood) 

Extravascular Water. P E W  (g/g lung) was 
obta ined  by subtrac t ing blood water  f rom the 
total amount  of lung water  

P E W = T L W - B W  

Dividing PEW/g lung by the grams of  dry t issue 
per  gram lung (gtd/g) yields PEW/gtd .  

2. Calculat ion of  Plasma Oncotic Pressure ( n 
in cm H20)  is based  on the following formula 
where  C represen ts  total plasma protein concen-  
t rat ion. t  s 

p lasma n = (2.1C + 0.16C 2 + 0.009C3)1.36 

3. Capillary hydrostatic pressure (Pc in cm 
H20)  is based  on the following calculat ion:  ~6 

Pc = 0.4(Ppa - Ppaw) + Ppaw. 

TABLE 1 

CONTROL MEASUREMENTS 

Measurement Treated (n = 5) Untreated (n = 5) 

TLC (ml) 2315 + 552 2741 + 470 
VC (ml) 2130 + 574 2550 + 526 
FRC (ml) 745 ___ 187 776 ___ 153 
RV (ml) 185 4- 41 191 -I- 85 
CO (l/min) 2.85 + 0.57 2.69 + I. I 
Pao~ (kPa) 73,3 -I- 6.8 71.4 + 6.0 

(torr) (551 ___ 51) (537 ___ 45) 
HBG (g/dl) 12.2+ 1.6 12.1 + 1.5 
Qs/Qt (%) 12.3 + 4.5 11.0 _+ 3.8 
Ppa (kPa) i.58 4- 0.23 1.84 4- 0.27 

(torr) (11.9 + 1.7) (13.8 + 2.0) 
Ppaw (kPa) 0.78 + 0.47 0.92 -I- 0.27 

(tort) (5.9 + 3.5) (6.9 + 2.0) 
BP (kPa) 16.76 ___ 2.26 15.43 ___ 1.86 

(torr) (126-1- 17) (116+ 14) 
CaMP (ml/cmHzO) 117 + 57 129 + 36 
Tot. Protein (g/d0 6.0 4- 0.4 6.5 -I- 0.5 
Weight (kg) 21 + 2.8 24 + 4.1 

Mean -t- S.D. Differences not significant. 
TLC = total lung capacity. VC = vital capacity. 
FRC = functional residual capacity. RV = residual 

volume. 
CO = cardiac output. Pao~ = arterial oxygen tension. 
HBG = haemoglobin. Qs/Qt = intrapulmonary shunt. 
Ppa = pulmonary artery pressure. Ppaw = pulmonary 

capillary wedge pressure. BP = mean arterial blood 
pressure. 

CaMP = compliance. 

RESULTS 

The control  values for all measured  parameters  
are shown for bo th  groups in Table  I. There  were 
no significant differences  in control  lung vol- 
umes,  vascular  pressures ,  weight,  in t rapulmon-  
ary shunt ,  Pao2 or  compl iance  be tween  the two 
groups  of  dogs. 

The subdivis ions  of lung volume (Figure 1) 
show that  total lung capaci ty was reduced (p < 
0.05) at  5.0 hr  after  aspi ra t ion in both  groups and 
at 20 rain and 2.5 hr af ter  aspirat ion in the t reated 
group. Residual  volume was increased at 20 
minutes  2.5 and 5.0 hours  in the t reated group, 
and 2.5 and 5.0 hours  in the un t rea ted  group (p < 
0.05). Funct ional  residual  capaci ty was increased 
at 5.0 hours  in t rea ted  and at 2.5 and 5.0 hours  in 
un t rea ted  animals  (p < 0.05). Static compl iance  
(Figure 2) was less than control  at  all post  
aspi ra t ion t imes in bo th  groups ( p <  0.05). Pao~ 
(Figure 3) was less than  control  (p < 0.05) in bo th  
groups  at all t imes after  aspirat ion.  Qs/Qt  (Figure 
4) increased at 20 minutes  after  aspirat ion in both  
groups  (p < 0.05) but re turned toward control  
levels at 2.5 and 5.0 hours .  Serum oncot ic  pres- 
sure did not change  in e i ther  group th roughout  

VOL 
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RV 

C 0.33 25 5~0 
TIME hours 

FIGURE I Subdivisions of lung volume in litres for 
treated and untreated animals. * indicates significant (p 
< 0.05) change from control. TLC = total lung capaci- 
ty, FRC = functional residual capacity, RV = residual 
volume, C = control measurement. No significant 
difference between group. 
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FIGURE 2 Static compliance in nl/cm HzO for 
treated and untreated animals after aspiration. * indi- 
cates significant (p < 0.05) change from control. No 
significant difference between groups. 
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FIGURE 3 Poe2 in mm Hg for treated and untreated 
animals after aspiration. * indicates significant (p < 
0.05) change from control. No significant difference 
between groups. 
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FIGURE 4 Per cent intra-pulmonary shunt for 
treated and untreated animals after aspiration. * indi- 
cates significant (p < 0.05) change from control. No 
significant difference between groups. 

the exper imen t  and pu lmonary  cap i l la ry  hydro-  
static pressure was significantly increased in both 
groups at 5.0 hours after aspiration (Figure 5). 
Pulmonary extravascular  water (Table II) was 
6.16 _+ 0.93 ml/g dry tissue in treated animals and 
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FIGURE 5 Plasma oncotic pressure (Px) and pul- 
monary capillary hydrostatic pressure (Pc) for treated 
and untreated animals after aspiration. * indicates 
significant (p < 0.02) change from control. No signifi- 
cant difference between groups. 

6.47 + 0.60 ml/g dry tissue in untreated animals 
(mean +__ SD). PEW in normal ventilated dogs in 
this laboratory is 3.41 -I: 0.16 ml/g dry tissue. Our 
measurements indicate marked pulmonary oed- 
ema. 

There were no significant differences in the 
changes in lung mechanics, gas exchange or lung 
wate r  b e t w e e n  t r e a t ed  and  u n t r e a t e d  d o g s .  

DISCUSSION 

In the present experiment  we studied the 
effects of acute aspiration of  0. IN HCI with a pH 
of 1.0 on lung volumes and mechanics, gas 
exchange and haemodynamics in dogs. We also 
studied possible modification of  these acute ef- 
fects by high dose nebulized dexamethasone.  

Our animals developed marked pulmonary 
oedema as indicated by pulmonary extravascular  
water values that are nearly twice normal. Gas 
exchange as measured by Pao2 and Qs/Qt was 
markedly impaired within 20 minutes of aspira- 

TABLE II 

PULMONARY EXTRAVASCULAR 
WATER/G DRY TISSUE 

Treated Untreated 

6.39 5.90 
5.64 6.36 
6.70 7.00 
4.84 7.07 
7.22 6.31 
6.16 + 0.93 6.47 + 0.60 

(Mean + S.D.) 
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tion and lung volumes were decreased. These 
results can all be explained by the development of 
severe alveolar oedema following acid aspira- 
tion. 

In this study acid was injected as a bolus, 
rather than nebulized, as this is the situation 
clinically. The steroid was nebulized in an effort 
to distribute the drug to all areas of the lung 
because an intratracheal bolus of dexamethasone 
would be distributed in a patchy, unpredictable 
manner with no guarantee that the agent would 
reach the sites of acid damage. Nebulization of 
the dexamethasone does not guarantee even 
distribution of the drug as areas of atelectasis 
uncorrected by PEEP would receive little of the 
agent. Delivery by nebulization, however, will 
ensure the best possible distribution of agents 
administered through the airway. If any value 
could be shown from inhalational steroid, it 
would be an easy matter to add it to the treatment 
regimen of patients being ventilated after aspira- 
tion. 

We concentrated on the acute changes pro- 
duced by acid aspiration and our results show 
that there are marked changes in lung volumes, 
gas exchange, and intrapulmonary shunt within 
20 minutes of acid aspiration. While there is some 
improvement in shunt and lung volumes follow- 
ing treatment with oxygen, ventilation, and PEEP, 
the improvement is no greater in animals receiv- 
ing nebulized dexamethasone than in those re- 
ceiving nebulized saline. Chapman and Modell,2~ 
using aspirate volumes similar to ours, had mor- 
talities of 68 per cent in the first 24 hours after 
aspiration in spontaneously breathing dogs. 
When controlled positive pressure ventilation 
w a s  a d d e d  to  t he  t r e a t m e n t  r e g i m e n ,  2~ m o r t a l i t y  

dropped to 40 per cent in the first 24 hours. This 
high early mortality leads us to believe that any 
treatment advocated for acid aspiration must 
show early improvement in the animals. Our 
results fail to show any improvement in the acute 
outcome of acid aspiration with the use of nebu- 
lized dexamethasone. 

Aspiration of acidic gastric contents produces 
a patchy chemical burn immediately, with the 
development of epithelial degeneration of the 
bronchi, pulmonary oedema, and haemorrhage 
within the first few hours. 2 The role of steroids in 
the treatment of acid aspiration remains contro- 
versial. Advocates contend that steroids should 
improve outcome by reducing inflammation, 
stabilizing lysosomal membranes, preventing 
platelet and leukocyte agglutination and increas- 
ing oxygen delivery to tissues by shifting the 
oxyhaemoglobin dissociation curve to the right, z 

Despite these theoretical considerations experi- 
mental support is lacking. The value of parenteral 
steroids has been investigated by Lawson, et 

al. ~s who were unable to show any differences 
in mortality or pathology in treated animals. 
Chapman, Modell, et al. in three well-controlled 
studies 19-21 were unable to show any differences 
in outcome of acid aspiration between dogs 
receiving no steroids, single high-dose steroids, 
multiple high-dose steroids, or multiple low-dose 
steroids. In the ex vivo lung, however, Toung, 
Bardos, Benson, et al. z2 were able to show that 
the addition of high doses of methylprednisolone 
to the perfusate five minutes after aspiration was 
associated with less increase in lung weight and 
improved lung inflation. 

The failure of parenteral steroids to improve 
the outcome of acid aspiration in vivo might be 
due to failure of the drug to reach the site of injury 
in amounts sufficient to modify tissue damage. Is 
there any value in applying the steroid directly to 
the injured tissue? The use of intratracheal ster- 
oids has been reported in three previous stud- 
ies. 1~ In the first of these, ~~ Lewinski com- 
pared a number of methods of treating aspiration 
of 10 ml 0. IN HCI in cats. The instillation of 
25-50 ml of hydrocortisone solution in 10 ml 
NaHCO3 down the tracheal tube was associated 
with a low incidence of necrosis and oedema 
compared to groups of animals not given this 
solution. No attempt was made to show any 
statistically significant differences between treat- 
ment groups. 

A second study II by Wamberg and Zeskov 
compared a number of modalities in the treat- 
ment of acid (15 ml 0. IN HCI) aspiration in cats. 
They found improved survival and resolution of 
pneumonia in cats receiving intratracheal Sol- 
visat Leo (hydrocortisone xanthogen acidum) 
plus daily intramuscular injections of cortisone. 
Again, no statistical evaluation of results was 
attempted. 

In the study by Taylor and Pryse-Davies, ~2 
rabbits and cats were given HCI various pH 
followed by various treatments. There was no 
apparent useful effect from intratracheal hydro- 
cortisone although numbers were small and no 
statistical analysis was done. A group of normal 
cats given intratracheal hydrocortisone devel- 
oped pneumonitis suggesting that steroids dam- 
aged the lungs. In our study we could show no 
value in the use of nebulized dexamethasone in 
the treatment of acute acid aspiration. 

In summary, acute acid aspiration produces 
marked changes in lung mechanics, gas exchange 
and intrapulmonary shunt. These changes are 
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alleviated to some degree by oxygenat ion,  mech- 
anical venti lat ion with P E E P  and in t ravascular  
volume replacement .  There  is no beneficial effect 
of  nebulized dexame thasone  on the acute 
changes  of  the acid aspirat ion syndrome  in dogs. 
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Rt~SUM~ 

Les effets d'une aspiration de liquide acide ainsi que les modifications de ses effets par un 
traitement b. la dexam6thazone, en n6bulisation, DOt fait I'ohjet d'une 6tude chez le chien. Les 
modifications 6tudi~es 6taient celles de la m6canique et de I'h~modynamique pulmonaire, 
ainsi que celles des 6changes gazeux et de I'eau pulmonaire extra-vasculaire. A cet effet, on 
instillait dans le tube trach6al de chacun des animaux 15 mill de capacit6 vitale d'une solution 
0.1 N d'acide chlorhydrique. Une PEEP de 10 cm H~O 6tait initi6e vingt minutes apr~s 
I'aspiration. Chez cinq des animaux on commeng:ait 6galement la n6bulisation de dexam6- 
thazone (5 rag. kg -~) vingt minutes apr/~s I'aspiration. Cette n~bulisation s'~tendait sur une 
p6riode de deux heures. Cinq autres animaux (groupe t6moin) recevaient du solut~ 
physiologique en n6bulisation. Les mesures 6taient effectu6es avant I'aspiration, puis vingt 
minutes, deux heures el demie et, enfin, cinq heures apr~s I'aspiration. On injectait des 
globules rouges marqu6s au Cr 51 avant de sacrifier les animaux. Des 6chantillons pulmonaires 
multiples 6taient prt~lev6s apr~s le sacrifice pour la mesure de I'eau pulmonaire extra- 
vasculaire (technique gravim6trique). 

L'aspiration de liquide acide causait des modifications significatives des volumes 
pulmonaires, de la Pao~ et du shunt. L'eau pulmonaire extravasculaire 6tait de 6.16 _ 0.93 
ml/g de tissu sec chez les animaux trait~s eI de 6.47 4- 0.6 ml/g chez les animaux non Irait6s. 
Ces r6sultats t~moignent d'un 0ed~me pulmonaire important, On n'a pas trouv6 de diff6rence 
significative dans les param/~tres mesur6s entre les animaux trait6s et non trait6s. Nous 
concluons que le d6zam6thazone en n6bulisation est sans valeur dans le traitement des 
modifications aigues caus6es par une aspiration de liquide acide. 


