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Sodium citrate 
in paediatric 
outpatients 

To determine whether the gastric content pH of paediatric 

patients could be raised in an effort to decrease post-aspiration 

morbidity and mortality, the antacid sodium citrate (0.4 

ml.kg -J) was given preoperatively to 25 patients aged I to 14 

(6.0 + 3.5, mean • SD) years. Their gastric content pH was 

measured fallowing induction of anaesthesia. These values were 

compared to those obtained from a control groap (n = 20) 

ranging in age from seven months to nine (3.3 +- 2.7) years. A 

gastric content pH value of greater than 2.5 was measured in 23 

of the 25 patients who received sodium citrate. There were only 
two patients in the control group with a gastric content pH 

greater than 2.5, p < 0.001, Fisher exact test. Only" one child 

refused to take the medwation. The administration of sodium 

citrate appears to be an effective method of  raising the gastric 

content pH in paediatric patients. 

Aspiration of foreign material into the lungs during 
anaesthesia, although rare, can have devastating se- 
quelae. Aspiration was the cause of death in 26 per cent of 
cases in a survey of paediatric anaesthesia mortality_ 1 In 
addition, the incidence of aspiration during anaesthesia 
appears to be higher for the paediatric age group com- 
pared to adults. 2 

Nearly all paediatric patients (3-17 years of age) 
present for surgery with a gastric content pH of <2.5,  
whereas 24 to 75 per cent of adults will have a pH this 
low. 3 

Early work by Mendelson 4 and Teabeaut ~ demonstrated 
that as the pH of gastric fluid instilled in the trachea 
decreased below 2.5, the degree of lung damage increased. 
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When the pH was greater than 2.5 the effect on the lungs 
was no worse than that following the administration of an 
equivalent volume of saline. 

Many pharmacologic measures have been employed to 
alter the characteristics of gastric contents preoperatively. 
Sodium citrate, a non-particulate antacid, has emerged as 
an effective and safe method of raising gastric pH,6 and is 
often used routinely in obstetrical anaesthesia. Its use in 
paediatric anaesthesia has not Been reported. We studied a 
group of paediatric surgical outpatients to determine the 
effectiveness of sodium citrate in raising the gastric 
content pH preoperatively 

Methods 
Institutional approval was obtained for the study and the 
parent of each child gave an informed consent. We 
studied 52 outpatients, ASA physical status I, 7 months to 
14 years of age, who were scheduled for ophthalmologic 
procedures. 

The patients were randomly assigned to two groups. 
Patients in Group 1 were given sodium citrate, 0.4 
ml.kg -I ,  prepared in a 0.3 M solution by the hospital 
pharmacy. The medication was given in the Surgical Day 
Care admitting area when the patients were called to the 
operating room. Group 2 received no antacid. No other 
premedieation was given. Anaesthesia was induced either 
intravenously or with inhalational agents, as determined 
by the attending anaesthetist, lntubation was facilitated by 
intravenous succinylcholine 1.0 mg'kg -1 preceded by 
atropine 0.02 mg.kg - t ,  Immediately following tracheal 
intubation, a gastric tube was passed orally and its 
position in the stomach verified by insufflating air and 
auscultating over the abdomen. Stomach contents were 
aspirated by repeated snctioning in the supine and lateral 
positions. The volume was recorded and the pH measured 
using a Fisher ~ Acumet pH meter. 

Comparisons between groups were made using Stu- 
dent's t test for unpaired data. The patients within each 
group were divided into those with gastric content pH 
values < or -->2.5. These data were analysed using the 
Fisher exact test. To detect whether gastric content pH 
was related to either age or weight, Pearson's coefficient 
of correlation was determined. A p value <0.05 was 
accepted as significant. 
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TABLE l Patient characteristics, lasting peri~ and gastric content volume and pH (mean • SD) 

Fasting 
Age Weight period Volume Gastric 

N (years) (kg) (hours) (mg.k.q -~) pt t  

Group I 
(S~lium citrate 25 
0.4 ml'kg -I) 

Group 2 20 
(control) 

6 .0 •  23 .9•  12.5-+2.6 0.8-+ t.I 5.0+-1.2 * 

3.3---2.7 15.5 + - 7.5 11.4 • 3.0 0.4-+0.3 2.0-+0.6 

*p < 0.05 compared to control (t test). 

Resu l t s  

One child refused to take the medication, and we were 
unable to pass the gastric tube in six patients in the control 
group. Data from these seven patients were excluded from 
the statistical analysis. 

There was a significant difference in the gastric content 
pH values, ages and weights between the groups (Table I). 
There was no difference in fasting periods or gastric 
volumes. The sodium citrate was administered 13.8 -+ 6.6 
(mean • SD) minutes before the gastric tube was passed 
and the fluid aspirated. The number of patients in Group 1 
(sodium citrate) who had a gastric content pH ~ 2.5 was 
significantly greater than Group 2 (Table I1). No signi- 
ficant correlation was found between pH and age (for 
Group 1, r = 0.10 and the SEE (standard error of the 
estimate) = 1.18, and for Group 2, r = 0.07 and the 
SEE = 0.64) or between pH and weight (for Group 1, 
r = 0.12 and SEE = 1.17, and for Group 2, r = 0.07 and 
the SEE = 0.64). 

Discuss ion  

Almost all children presenting for outpatient surgery who 
did not receive antacid had a gastric content pH < 2.5, a 
value generally accepted as the level below which 
significant lung injury occurs in the event of aspiration. 4's 
This is corroborated by earlier studies where up to 96 per 
cent of paediatrie patients were found to have a gastric 
pH < 2.5. ~ 

There are a number of manoeuvres described as being 
protective against regurgitation in those patients at risk. 
These include a preoperative fasting period, awake intuba- 

TABLE It pH results 

Sodium Total 
citrate Crmtro( patients 

pH < 2.5 2* Ig 20 
oH ~ 2.5 23* 2 25 
Total patients 25 20 45 

*p < 0.001 compared to control (Fisher exae~ text). 

tion, rapid sequence induction and intub~tion using 
Sellick's manoeuvre until the airway is secured, awake 
extubatlon, and pharmacologic measures to alter gastric 
pH and/or volume. 

Of these manoeuvres, a fasting period does not neces- 
sarily ensure the presence of an empty stomach. Most of 
the children in this study had gastric volumes greater than 
0.4 ml.kg- t and although a statistically significant differ- 
ence was not detected, the children who received sodium 
citrate tended to have larger volumes than those in the 
control group. The volume of gastric contents may be 
underestimated by the technique of measurement used in 
this study. Studies in animals demonstrated that fluid in 
volumes greater than 0.4 ml.kg-l  instilled in the trachea 
can cause permanent lung damage, as compared to little or 
no damage if the volume is smaller. 7 

The second manoeuvre, intubation, may not provide 
adequate protection against aspiration. Roy 8 reported a 
ease of aspiration of gastric material around an uncuffed 
endotracheal tube, which occurred in an eight-year-old 
intraoperatively. In a study of intnbated children in an 
ICU, the incidence of aspiration of dye around uncuffed 
endotracheal tubes was 77 per cent. 9 

Finally, pharmacologic methods of altering gastric pH 
and/or volume include the use of H2 receptor antagonists, 
metoclopromide and antacids. Antacids, especially the 
non-particulate sodium citrate, have been used safely in 
obstetrical anaesthesia for a number of years. Sodium 
citrate has been shown to be as effective as cimetidine in 
raising gastric content pH preoperatively in patients aged 
19 to 70 years ~~ and has also been demonstrated to be 
safer than particulate antacids in the event of aspiration. 
When sodium citrate itself was aspirated by animals it 
caused only transient hypoxia 1 ~ compared to the aspira- 
tion of particulate antacids which produced chronic 
pulmonary granulation. ~2 

We selected this dose of sodium citrate (0.4 ml.kg-t) ,  
because the usuat dose of sodium citrate given to adult 
patients is 30 ml of 0.3 M solution. This would indicate 
that 0.4 ml.kg-~ might be an appropriate paediatrie dose, 
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assuming a standard adult weight of 70 kg. The sodium 
citrate was accepted well by the age group studied, with 
only one child refusing to take the medication. In the 
present study 92 per cent of the patients who received this 
dose had a gastric content pH -> 2.5, 

We found that there was no significant correlation 
between patient age and weight and the gastric content 
pH. The relationship of gastric content pH to age in 
paediatric patients (excluding neonates) has not been 
reported, Therefore, it is reasonable to assume that the 
observed difference in gastric content pH values was due 
to the administration of sodium citrate and not to a 
difference in age or weight between the groups. 

Difficulty was encountered in passing the gastric tube 
in six patients, all from the control group, These patients 
ranged from one to seven years of age and all were given a 
similar anaesthetic. Multiple attempts were made using 
various-sized gastric tubes, but they appeared to be held 
up in the oesophagus, perhaps in the region of the 
gastro-oesophageal junction. 

In conclusion, nearly all patients who did not receive 
sodium citrate had a gas~c  content pH < 2.5. Sodium 
citrate was readily accepted by this paediatric age group 
and raised the gastric content pH of over 90 per cent of 
patients to a value greater than 2.5. It is a simple and 
effective method of altering gastric content pH and should 
be considered as one manoeuvre to reduce post-aspiration 
morbidity and mortality. 
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Rrsum6 
Afin de d~termlner s' il dtait possible d' ~lever le pH du co ntenu 

gastrique chez des enfants pour tenter de diminuer la morbid## 

et la mortalit~ post-aspiration, on a donn~ 0.4 ml'kg -j  de 

l' antacide citrate de sodium, en p~riode prroprratoire, d 25 

patients dgEs de I d 14 (6.0 • 3.5, moyenne • SDJ ans. Le pH 

du contenu gastrique a ~t~ mesurd ~ la suite de I'induction de 

l'anesth~sie. Ces valeurs out ~t~ comparEes d celles obtenues 

partir d'un groupe-tdmoin (n = 20) dont l'dge s' Eehelonnait de 

sept mois d newt(3.3 • 2.7) arts. Une valeur de pH gastrique de 

plus de 2 ..5 a ~t~ mesurEe ckez 23 des 25 patients qui out reffu du 

citrate de sodiuen. Seulement depot des patients dons te graupe- 

t(moin avaient nn pH gastHque de plus de 2.5, p < 0.00t, test 

Fisher exact. Un sent enfant a refusd de prendre le nlrdicatnent. 
ll semble que radministration de citrate de sodium soit une 

m&hode efficaee pour augmenter le pH du eonteuu gastrique 

chez les patients pddiutriques. 


