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ABSTRACT 

Patients coming for elective surgery were randomly assigned to one of three treatment groups: 
control, cimetidine 300 mg orally two hours ore-operatively, or sodium citrate 0.3 M solution 
30 ml orally, given as the patient was leaving the ward for the operating room. Each group 
consisted of 15 patients. This study reconfirms the average 26 per cent risk of significant 
aspiration in patients, coming for elective surgery, who have not received an agent intended to 
decrease gastric acidity or to decrease volume of gastric content. Sodium citrate is effective 
most of the time (87 per cent) in decreasing gastric acidity but is associated with a large mean 
volume (40.8 ml) of aspirate. From the results of this study cimetidine appears to be the 
preferable agent to use because it is completely effective in decreasing gastric acidity but does 
not increase the mean volume (17.0 ml) of the aspirate. Cimetidine appears to be an excellent 
agent to use as a preventative measure against aspiration during the induction of anaesthesia. 
Sodium citrate is a reasonable alternative if there is a contraindication to the use of cimetidine. 
However, these agents should be regarded only as adjuncts in the prevention of aspiration of 
gastric contents at the time of induction of anaesthesia. 
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IN 1946, Mendelson first described the syndrome 
of pulmonary aspirat ion of gastric contents  in 
obstetrical pat ients  undergoing general anaes- 
thesia. I There  has been ongoing research to 
elucidate the significance of  the acidity of the 
aspirate,  the volume of the aspirate and how to 
alter one or both of these.  The syndrome of aspi- 
ration pneumonit is  has been reproduced in the 
laboratory situation by instilling clear solutions of 
acid or filtered gastric contents  with a hydrogen 
ion concent ra t ion  ([H+]) greater  than 3.16 x 10 -3 
milliequivalents per  litre (mEq/I) into the lungs. ~'~ 
When the [H +] of the aspirate was less than 3.16 
x 10-3mEq/I (pH greater than 2.5) the 
physiological and morphological  responses  were 
slight and transient .  The volume of aspirated 
gastric acid necessary to produce a significant 
pulmonary reaction in man is unknown.  Based on 
work done by Roberts  and Shirley 3 with Rhesus  
monkeys  the suggested minimum volume which 
may be hazardous is 0.4 ml/kg or, on the average,  
25 ml. 

Animal and human data to the present  t ime 
implicate the acidity of gastric contents  as the 
most  important  causat ive factor in the develop- 
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ment of aspirat ion pneumonit is .  Volume of fluid 
aspirated appears  to be secondary to acidity as a 
cause of  pneumonit is ,  primarily being of 
significance in the presence of  a high [H+]. 

As aspirat ion of gastric contents  is a recog- 
nized complicat ion of a depressed level of con- 
sciousness,  the aim of the study was to find an 
easily adminis tered,  effective way of  decreasing 
gastric acidity so that it is below 3.16 • 10 -3 
mEq/l (above pH 2.5) at the time of induction of 
anaesthesia .  

Two agents,  cimetidine,  a histamine-H2 re- 
ceptor  antagonist  which decreases  H + secret ion 
into gastric fluid and sodium citrate, a clear al- 
kaline solution (pH = 8.21), were studied with 
respect  to their effect iveness in decreasing gas- 
tric acidity and with respect  to their  effect on 
gastric volume in patients coming for elective 
surgical procedures .  

METHO DS AN D MATERIALS 

Patient  selection was limited to 45 adults (age 
19 to 70 years),  ASA Class I or II, non-pregnant ,  
with no gastrointestina:l pathology and coming for 
elective surgical procedures.  They were ran- 
domly assigned to one of three equal size (n = 15) 
t rea tment  groups:  control ,  cimetidine or sodium 
citrate. 
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TABLE I 

SUMMARY OF RESULTS OF [H +] AND VOLUME 

Volume [H +] > 3.16 x 10 -3 mEq/I 
[H +] > 3.16 x 10-amEq/l [H +] Mean Standard Aspirated (pH < 2.5) and Volume 

(pH < 2.5) (pH Mean) Deviation >25 cc >25 cc 

Control 
(n = 15) 

Na citrate 
0.3M sin 
(n = 15) 

Cimetidine 
300 mg po 
(n  = 15) 

12 (80%) 3.63• 10-3mEq/I 1.60 5 (347o) 4 (26%) 
(2,44) 

2 (13%) 2.63 • 10-GmEq/l 1.89 13 (87~) 0 
(5.58) 

0 9.12• 10-6mEq/l 1.86 3 (20%) 0 
(5.04) 

TABLE lI 

SUMMARY OF ANALYSIS OF VARIANCE (pH) 

Source df Mean squares F ratio* " 

Treatments 2 42.10 
Within Groups 42 3,20 

Total 44 

13.17 

*p < 0.01. 

SUMMARY OF ANALYSIS OF VARIANCE (Volume) 

Source df Mean squares F ratio* 

Treatments 2 2704.95 l l .  72 
Within Groups 42 230.73 

Total 44 

*p < 0.01. 

Each patient received premedieation as or- 
dered by the attending anaesthetist consisting of a 
benzodiazepine per us (p.o.) or a narcotic with or 
without atropine or hyoscine intramuscularly 
(I.M,). The groups were similar with regard to 
distribution of type of  pre-anaesthetic medica- 
tion. Patients in the control group received no 
additional agents. Cimetidine was administered 
as 300rag p.o., two hours before operation. 
Sodium citrate 0.3 M solution, 30 mi p.o. was 
given as the patient was leaving the ward for the 
operating room. 

After induction of anaesthesia and tracheal in- 
tubation a number 14 Salem sump gastric tube 
was inserted orally into the stomach and the 
contents aspirated until dry. Volume aspirated 
was recorded and the pH was measured using a 
Radiometer Copenhagen pH meter. 

RESULTS 

Control Group (Table I) 
Twelve (80 per cent) of  the fifteen patients in 

the control group, had measured [H +] greater 
than 3.16 x 10 -3 mEq/! ( p H <  2.5). Of  this group 
of  twelve, four (34 per cent) had aspirated vol- 
umes in excess of  25 ml. Overall four patients of 
the fifteen (26 per cent) had [H § greater than 3.16 
x 10 -3 mEq/l (pH < 2.5) and a measured volume 
greater than 25 ml. The mean [H § of the group 
was 3.63 • 10 -3 mEq/l (pH 2.44), while the mean 
measured volume was 18.3 ml. 

Sodium Citrate Group (Table 1) 
In this group of patients only two (13 per cent) 

had a [H +] greater than 3.16 x 10 -3 mEq/I (pH < 
2.5), but the volume of aspirate was markedly 
increased with thirteen (87 per cent) patients 
having more than 25 ml measured. The two pa- 
tients with the high [H +] were also the only ones 
without a significant measured volume. The mean 
[H § was 2.63 x 10 -6 mEq/l (pH 5.58), and the 
mean measured volume was 40.8 ml. 

Cimetidine Group (Table 1) 
None of the patients in this group had a mea- 

sured [H +] greater than 3.16 x 10 -3 mEq/I ( p H <  
2.5). The range was from 1.54 x 10 -3 mEq/I (pH 
2.81) to 2.45 x 10 -H mEq/I (pH 7.61) with a mean 
[H +] of 9.12 x 10 -6 mEq/I (pH 5.04). Only three 
(20 per cent) had volumes in excess of  25 ml. 
Volume measured ranged from 3 to 54 ml with a 
mean of 17.0 ml. 

One cannot assume that the stomach has been 
completely emptied by aspirating through a gas- 
tric tube; therefore, the measured volume may 
underestimate the true amount present. The vol- 



FOULKES & JENKINS: A COMPARATIVE EVALUATION OF CIMETIDINE 

ume as measured here is pertinent only as an 
indicator of minimum volume in the stomach. 

The data obtained were submitted to statistical 
analysis using one-way analysis of variance fol- 
lowed, where appropriate, with the Tukey HSD 
procedure. 4 

The two dependent variables were treated 
separately at the 0.01 level of significance. As 
shown in Table II, significant differences among 
mean [H § and mean volume were found. Appli- 
cation of Tukey 's  procedure revealed that both 
cimetidine and sodium citrate were effective in 
decreasing acidity below control levels. Sodium 
citrate produced a significantly larger volume of 
aspirate than either cimetidine or the controls. 

DISCUSSION 

Gastric fluid with a [H § greater than 3.16 x 
10 -3 mEq/l (pH < 2.5) has been implicated as 
the primary causative factor in aspiration 
pneumonitis. The logical prophylaxis for aspira- 
tion pneumonitis was to use commercial antacid 
preparations to decrease gastric acidity. The use 
of 15 rnl antacid p.o. 30 to 90 minutes before 
operation became common until 1975. At that 
time Taylor published a case report of pulmonary 
complications following aspiration of gastric 
contents with [H +] of 3.16 x 10 -4 rnEq/I (pH 3.5) 
in a patient who had received antacids, s As a 
result, the recommendation was to increase the 
volume of pre-operative antacid to 30 ml. Further 
research by Gibbs has shown that this practice is 
likely dangerous. 6 Working with dogs, he showed 
that the aspiration of  particulate antacids causes 
at least as much pulmonary damage as does the 
aspiration of  gastric acid and the effects of ant- 
acids on the lungs are greatly prolonged. 6 The 
laboratory work does have clinical relevance 
based on case reports of pulmonary problems 
following the aspiration of gastric contents con- 
taining antacids. 7"8 

There are alternatives to the use of particulate 
antacids. One of the alternatives is sodium citrate 
0.3 M solution which has variously been reported 
as being effective and non-effective in diminish- 
ing gastric acidity. 9'~~ Sodium citrate solution at 
least produces minimal insult when it is instilled 
into the lungs. 

Another alternative is the use of histamine H2 
receptor antagonists, such as cimetidine, which 
inhibit gastric secretion and thereby decrease 
acidity. There have been conflicting reports re- 
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garding its efficacy in accomplishing this aim at 
the time of induction of anaesthesia. ~ t.~ 2 

Other agents have been investigated for their 
ability to protect against aspiration pneumonitis. 
Metoclopramide has no effect on gastric acidity, 
but it has been shown to increase gastric empty- 
ing by increasing peristalsis and relaxing the 
pyloric sphincter. 13 It also increases the tone of 
the lower oesophageal sphincter.t4 Anticholiner- 
gic drugs have also been investigated, but in 
common clinical doses they have no effect on 
gastric pH ~5 and they decrease lower 
oesophageal sphincter tone, ~6 increasing the risk 
of regurgitation. 

In summary, on the basis of the data collected 
here 26 per cent of patients coming for elective 
surgery who have not received an agent intended 
to decrease gastric acidity are at risk of significant 
pulmonary aspiration, Cimetidine and sodium 
citrate 0.3 M solution are equally effective in de- 
creasing mean gastric [H § significantly below 
that of the control group as determined by the 
Tukey HSD procedure. Sodiurn citrate 0.3 M 
solution as used in this study produces a 
significantly greater mean volume of aspirate 
than that of the cimetidine and control groups as 
determined by the Tukey HSD procedure. The 
more satisfactory agent appears to be cimetldine 
300 mg p.o. two hours before operation. In this 
study it was 100 per cent effective in decreasing 
gastric [H +] below 3.16 x 10 3 rnEq/1 (pH > 2.5) 
and it did not increase gastric volume. 
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R~-SUM~ 

Quelques patients devant subir une chirurgie r6gl6e ont 6t6 r6partis au hasard en trois groupes: 
contr61e, cim&idine 300 mg par la vole orale deux heures avant I'intervention, citrate de soude 
0.3 M 30 ml par la vole orale administr6 au patient au moment o0 il quitte sa chamhre pour la 
salle d'op6ration. Chaque groupe comprenait 15 patients. Cette 6tude confirme de fa~:on 
significative le risque d'aspiration (en moyenne de 26 pour cent) pour les patients qui se 
pr6sentent en chirurgie r6gl~e et qui n'ont rien regu pour diminuer I'acidit6 ou le volume du 
contenu gastrique. Le citrate de soude est efficace la plupart du temps (5. 87 pour cent) pour 
diminuer l'acidit6 gastrique mais conduit ~ une augmentation importante du volume (40.8 ml). 
A partir de cette 6tude qui montre sa complete efficaeite, on eonclut que la cimetidine pourrait 
~tre pr6f6rable au citrate de soude car elle produit une diminution de I'aeidit6 gastrique sans 
augmentation du contenu moyen ( 17.0 ml). La cim6tidine serait donc I'agent de ehoix 5. utiliser 
comme pr~ventifcontre I'aspiration durant l'induction de I'anesth6sie. Le citrate de soude est 
une alternative raisonnable s'il y a contre-indication 5. l'emploi de la cim6tidine. Cependant, 
ces agents ne devraient ~tre regard6s que eomme des drogues d'appoint pour la pr6vention de 
l'aspiration du contenu gastrique pendant I'induction de l'anesthdsie. 


