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Gastric fluid volume 
and pH in elective 
surgical patients: triple 
prophylaxis is not supe- 
rior to ranitidine alone 

J.R. Maltby* MB ~ARCS ~CI'C, R.H. Elliott r~B FFARCS, 
I. Warnell* MRCP ~ARCS, M. Fairbrass* MB ~ARCS, 
L.R. Sutherland[ MDCM MSc ~C~: FACP., 
E.A. Shafferl" Mo ~cPC 

The effect of oral ranitidine alone was compared with sequen- 

tially administered ranitidine, metoclopramide, and sodium 

citrate on gastric fluid volume and pH in 196 healthy, elective 

surgical inpatients, each of whom was randomly assigned to one 

of four groups. Patients in all groups received oral ranitidine 

150 mg 2-3 hr before the scheduled time of surgery. Those in 

Group 1 also received oral metoclopramide I0 mg one hour 

before surgery, and sodium citrate 0.3 M 30 ml on call to the 

operating room; Group 2 received sodium citrate but no 

metoclopramide; Group 3 received metoclopramide but no 

sodium citrate; Group 4 received ranitidine alone. Following 

induction of anaesthesia a # 18 Salem sump tube was passed 

into the stomach and all available gastric fluid was aspirated. 

Volumes were recorded and pH measured. In all groups mean 

pH was > 5.8, although at least one patient in each group had 

pH < 2.5. Mean volumes were significantly greater in patients 
who received citrate (Groups I and 2: 22 and 19 ml) than in those 

in those who did not (Groups 3 and 4: 10 and 8 ml). One patient 

in Group 2 and one in Group 3 hod pH < 2.5 with volume > 

25 ml. Our results do not demonstrate any advantage of double 

or triple prophylaxis over ranitidine alone. The practical 

difficulty of correctly administering two or even three medica- 
tions, each at different but exact preoperative intervals, is 
emphasized. 

Nous avons ~valud I'effet de la ranitidine employee seule et en 

combinaison avec du mEtoclopramide et/ou du citrate de sodium 
sur le volume e t ie  pH du liquide gastrique de 196 patients 

randomisEs en quatre groupes avant leur intervention chirurgi- 
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cale Elective. Tous prirent 150 mg de ranitidine orale 2-3 hre 

avant l' intervention. De plus, les patients du Groupe I re~urent 

!0 mg de mEtoclopramide oral I hre avant I' intervention et 30 ml 

de citrate de sodium 0,3 M au dEpart pour la salle d'opEration ; 

ceux du groupe 2, que du citrate de sodium et celtr du Groupe 3, 

que du mEtoclopramide. Aprds I' induction de I'anesthEsie, nous 

aspirions le liquide gastrique gt l'aide d'un tube de Salem de 

calibre 18 et en mesurions le vol,4me et le pH. MEme si clans tous 

les groupes, le pH moyen Etait supErieur ~ 5,8 il y avait dans 

chacun d'eux, au moins un patient dont le pH Etait infErieur 

2,5. Le volume moyen Etait significativement plus grand chez 

ceux ayant re~u du citrate (Groupes Iet  2 : 22 et 19 ml) que chez 

les autres (Groupe 3 et 4 : I0 et 8 ml). Un patient du Groupe 2 

et un autre du Groupe 3 avaient un pH de moins de 2,5 et un 

volume de plus de 25 ml. IIne semble donc pas que la double ou 

triple prophylaxie soit plus efficace que la ranitidine seule. De 
plus, il est difficile de synchroniser adEquatement la prise de 

deux ou trois medicaments. 

Preparation of patients for elective surgery includes 
measures to reduce the risk of pulmonary acid aspiration 
syndrome. To minimize gastric fluid volume an overnight 
fast is usually recommended ~ .2 although recent studies 3-s 
suggest that there is no clinically significant difference in 
gastric fluid volume in patients who fast from midnight 
and those who have taken 150 ml of oral fluids 2-3 hr 
preoperatively. The administration of an histamine H2 
receptor antagonist lowers mean volume and raises pH 
above 2.5 in most but not all patients. 4'6 Gastric prokinet- 
ic drugs such as metoclopramide accelerate gastric empty- 
ing and increase lower oesophageal sphincter tone. 7 Oral 
antacids neutralize gastric acid. s'9 It has, therefore, been 
suggested that not only should every surgical patient 
receive pharmacological prophylaxis ~~ but that routine 
triple prophylaxis using cimetidine or ranitidine, followed 
by metoclopramide, and then by a clear antacid (sodium 
citrate) will protect 100 per cent of patients against the 
hazards of acid aspiration. 1' 

The aim of this study was to investigate whether the 
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TABLE I Randomized groups 

65l 

Group 2-3 hr preop I hr preop 15-30 min preop 

I Ranitidine 150 mg Metoclopramide 10 mg Sodium citrate 30 ml 
2 Ranitidine 150 mg - -  Sodium citrate 30 ml 
3 Ranitidine 150 mg Meloclopramide - -  
4 Ranitidine 150 mg - -  - -  

addition of metoclopramide and'or sodium citrate is more 
effective than ranitidine alone in eliminating gastric pH 
values <2.5  and in minimizing gastric fluid volume in 
elective surgical patients. 

M e t h o d s  

The study protocol was approved by the University of 
Calgary Conjoint Ethics Committee. Informed consent 
was obtained from 203 inpatients, age 18-65 yr, ASA 
physical status I or II, who were scheduled for elective 
surgical procedures. Pregnant patients, those taking 
medication known to affect gastric secretion or motility 
and those with any known gastro-oesophageal pathology 
were excluded. Age, sex, weight, and duration of 
overnight fast were recorded. Patients were then random- 
ly assigned to one of four groups (Table I) using a table of 
random numbers. All patients received oral ranitidine 150 
mg with 150 ml coffee, tea, fruit juice, or water 2-3  hr 
before the scheduled time of surgery. Those in Group l 
also received oral metoclopramide I 0 mg one hour before 
the scheduled time of surgery, and oral sodium citrate 
0.3 M 30 ml when they left the nursing unit for the 
operating theatre. Patients in Group 2 received sodium 
citrate but not metoclopramide, those in Group 3 received 
metoclopramide but not sodium citrate, and those in 
Group 4 received ranitidine alone. A marker dye, phenol 
red 50 mg (phenolsulfonphthalein, Sigma Chemicals 
P4758) was added to the sodium citrate in Groups l and 2 
to estimate how much of the antacid remained in the 
stomach at the time of sampling, and to the 150 ml oral 
fluid in Groups 3 and 4 to distinguish between ingested 
fluid and gastric secretion in each gastric sample. The 
phenol red concentration in each sample was measured in 
alkalinized solution using a Beckman DU-50 spectropho- 
tometer at 560, 520, and 600 nm. 12 The lower limit of 
detection was 5 p,g. ml -l .  Patients received either no 
premedication or oral diazepam 5-15 mg 90 min preoper- 
atively, according to the preference of the anaesthetist in 
charge of the case. 

Within five minutes following induction of anaesthesia 
an investigator, who was unaware of the patient's group 
allocation, passed an 18 FG Salem sump tube into the 
stomach and confirmed its position by auscultation over 
the epigastrium for insufflated air. The epigastric region 

was manually massaged while gastric fluid was aspirated 
into a 60 ml syringe with the patient in the supine position 
and with the sampling tube in several locations within the 
stomach. Residual gastric fluid volume was recorded, and 
its pH was measured using a Coming 150 pH meter 
calibrated at 4.0 and 7.0. 

Of the 203 patients recruited, 196 completed the 
protocol. Seven patients were excluded due to cancella- 
tion of surgery, or to uncertainty that the sampling tube 
was within the stomach. Demographic data are given as 
mean -+ standard deviation (SD). Values for medication- 
induction intervals, residual gastric fluid volume and pH 
are given as mean -+ SD (range). Appropriate intervals for 
therapeutic effect, from ingestion of medication to induc- 
tion of anaesthesia, were considered to be: ranitidine >90 
min, metoclopramide 45-240 min, sodium citrate <45 
min. Tests of significance among groups were performed 
using one-way analysis of variance for parametric data, 
and the KruskaI-Wallis test for nonparametric data. 
Differences were considered statistically significant when 
P < 0.05. 

R e s u l t s  

Patients in all four groups were similar in age, weight, and 
fast since last oral fluid (Table II). There were no 
statistically significant differences among groups with 
respect to mean medication-induction intervals for ranit- 
idine, metoclopramide or sodium citrate (Table Ill). The 
wide ranges reflect the fact that surgery times are often 
behind or ahead of those on the printed schedule. The 
incidence of inappropriate timing of at least one medica- 
tion was highest with triple prophylaxis and lowest with 
single prophylaxis (Table IV). Inappropriate timing 
occurred for ranitidine (<90 rain) in five of 196 patients, 
for metoclopramide (<45 min or >240 rain) in I I of 102 
patients, and for citrate (>45 min) in 32 of 98 patients. 

TABLEII Patient characteristics. Values are mean -- SD 

Group n Age (yr) Weight (kg) Fast (hr) 

1 46 40 + - 13 74--. 16 3.1 •  
2 50 41 "" 13 73+- 13 3.0• 1.0 
3 51 40--. 13 72• 13 3.2• 1.0 
4 49 39 - 14 75 -+ 16 2.9 +- 1.0 
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TABLE II1 Preoperative medication intervals (minutes). Values mean -+ SD (range) 

CANADIAN JOURNAL OF ANAESTHESIA 

Group Ranitidine Metoclopromide Citrate 

I (RMC) 187 -+ 54 (35-340) 88 -+ 44 (15-240) 44 -+ 24(10-165) 
2 (R--C) 178 - 62 (65-400) - -  42 -+ 17(10-90) 
2 (RM--) 189 -+ 61 (60-390) 101 +- 51 (35-300) - -  
4 (R----) t78 +- 47 (95-285) - -  

TABLE IV Inappropriate medication-induction inlervals.* Number 
(%) of patients in whom at least one inlerval was incorrect 

Group Patients (%) 

I (RMC) 2 t (44) 
2 (R--C) 19 (37) 
3 (RM--) 6 (12) 
4 (R----) 0 (0) 

*Intervals for optimal therapeutic effect: ranitidine >90 min, meto 
clopramide 45-240 min, sodium citrate <45 min. 

Gastric fluid volume and pH are shown in Table V and 
in Figures I-4.  Volumes in Groups 1 and 2 were 
significantly higher than in Groups 3. and 4 (P < 0.0001). 
There were no significant differences among groups 
either in pH values or in the number of patients with 
gastric pH < 2.5 or the number with pH < 2.5 and volume 
>25 ml (Table VI). Ofthe ten patients with gastric pH < 
2.5 all received ranitidine as scheduled; one received 
ranitidine alone, six received metoclopramide as sched- 
uled, and four received sodium citrate although in three 
cases it was given more than 45 min before induction of 
anaesthesia. Medication-induction intervals for patients 
with pH > 2.5 were similarly variable. There were no 
statistically significant differences for volume or pH 
between premedicated and unpremedicated patients with- 
in groups. 

Mean phenol red retrieval values of 19 and 17 per cent 
for Groups I and 2 respectively indicated that these 
percentages of ingested sodium citrate were still in the 
stomach at the time of sampling. The wide range (0-76 
per cent) of values did not correlate with the medication- 
induction interval. In Groups 3 and 4 phenol red (which 
was given with 150 ml oral fluid 2-3 hr preoperatively) 
was detected in only two samples. This indicated that, in 

TABLE V Results: volume and pH. Values are mean -+ SD (ranged) 

Group Volume ( ml ) pH 

I (RMC) 2 2 -  + 20(0-68)* 6.31 -+ 1.46(2.12-8.10) 
I (R--C) 19 -+ 16(0--58)* 5.83 -+ 1.33(I.61-8.27) 
I (RM--) 10 -+ 15(0-80) 6.09 "4" 1.82(I.78-8.931 
4 (R----) 8 -- 10(0--40) 5.86 -+ 1.73(I .74-8.61) 

*P < 0.0001 versus Groups 3 and 4. 

all the remaining patients, emptying of ingested fluid was 
complete. 

D i s c u s s i o n  
The H2-receptor antagonists, which decrease gastric acid 
secretion, are commonly prescribed for obstetrical pa- 
tients, the morbidly obese, and others who are considered 
to be at high risk of regurgitation and aspiration of gastric 
contents during anaesthesia.t3 Cimetidine and ranitidine 
cause a clinically significant increase in pH although a 
small percentage of patients still have a pH < 2.5. t4 A 
single oral dose of ranitidine 150 mg produces peak 
plasma levels at 1-3 hr, and therapeutic plasma levels for 
8-12 hr,~5 so that operative delays are not important. 

Metoclopramide is a dopaminergic antagonist which 
increases peristalsis and relaxes the pylorus. It has no 
clinically important effect on gastric fluid pH. 7 Peak 
plasma levels occur 30-75 min afer oral metoclopramide 
10 rag. 16 However, there is such a wide variation of 
bioavailability that its efficacy by this route is question- 
able. 17 In our study comparison of volume and phenol red 
retrieval between Groups I and 2, and between Groups 3 
and 4, suggest that metoclopramide had no consistent 
effect on volume. 

Sodium citrate is a non-particulate antacid which 
increases gastric pH rapidly. When 30 ml of 0.3 M 
solution was administered shortly before induction of 
anaesthesia it raised gastric pH above 2.5 in 87 percent of 
patients, 9 but with an increase in gastric fluid volume. 
The medication-induction interval and the rate of gastric 
emptying are important because the therapeutic effect of 
sodium citrate depends upon its continuing presence in the 
stomach. ~s In our study the addition of sodium citrate, 
with or without metoclopromide, almost doubled gastric 
fluid volume without guaranteeing pH > 2.5. 

TABLE VI Number of patients "at risk" 

Vol > 25 ml 
Group n Vol > 25 ml pH < 2.5 and pH < 2.5 

I (R.MC) 46 15 3 0 
2 (R--C) 50 14 2 I 
3 (RM--) 5J 4 3 0 
4 (R----) 49 5 2 I 
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FIGURE I Group I: gastric pH and volume in patients who received 
ranitidine, metoclopramide, and sodium citrate. 
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FIGURE 3 Group 3: gastric pH and volume in patients who received 
ranitidine and met~lopramide. 
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FIGURE 2 Group 2: gastric pH and volume in patients who received 
ranitidine and sodium citrate. 

Combined prophylactic regimes have not yielded con- 
sistent results. Cimetidine was as effective alone as in 
combination with metoclopramide,19 and ranitidine was 
as effective alone as in combination with metoclopramide 
in normal patients 2~ and in the morbidly obese. 21 How- 
ever, in another study the addition of metoclopramide 
reduced gastric fluid volume and increased pH. 22 Of 50 
healthy women who received oral ranitidine 150 mg on 
the evening before and oral ranitidine with metoclopra- 
mide 10 mg on the morning of surgery, none had a residual 
gastric fluid volume greater than 30 ml or pH < 2.5. 23 

Scheduled and actual times of surgery rarely coincide. 
In our study induction of anaesthesia was often later, but 
sometimes earlier, than the scheduled time, and 
medication-induction intervals for the three drugs were 
frequently different from those intended. We have no 
reason to believe that our surgeons are either better or 

, i  
~ 1 7 6  

Gesn le  vo lume (ml)  

FIGURE 4 Group 4: gastric pH and volume in patients who received 
ranitidine alone. 

worse at keeping to schedule than those in other hospitals. 
If the intervals are too short there is insufficient time for 
ranitidine and metoclopramide to be absorbed and to exert 
their effects. If they are too long the effects of metoclo- 
pramide and sodium citrate may have dissipated. The 
maximum benefit of sequential administration of prophy- 
lactic medications may only be seen when the intervals 
can be accurately controlled, and our results demonstrate 
how difficult it is to achieve this in clinical practice, 
especially for metoclopramide and sodium citrate. Ad- 
ministration of metoclopramide did not appear to offer 
any benefit. The interval for sodium citrate exceeded 45 
min in nearly one-third of patients in Groups I and 2, but 
only one of these was at "high risk ''24 (volume > 25 ml 
and pH < 2.5), the same incidence as in Groups 3 and 4 
whose patients did not receive citrate. Ranitidine alone 
was effective in achieving gastric fluid volume < 25 ml 
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with pH > 2.5 in more than 95 per cent of patients, and 
additional medications did not give 100 per cent success. 
Our measurement of  gastric fluid volume by blind 
aspiration underestimates the total volume in each patient. 
However,  a similar error would occur in all groups and 
inter-group comparisons are therefore valid. 

Healthy, elective patients do not benefit from pro- 
longed (overnight) fasting versus 150 ml clear oral fluid 
2 - 3  hr preoperatively whether they receive ranitidine 
prophylaxis 4'6 or not. 3-50lsson et al. showed that fatal, 
or even severe, pulmonary complications following aspi- 
ration of gastric contents are rare, 25 and that almost all 
cases occur in patients who were undergoing emergency 
surgery, especially in obstetric cases, and in those with 
difficult airways, or oesophageal or gastric pathology. 
Many factors contribute to pulmonary complications, and 
the acid aspiration (Mendelson's)  syndrome accounts for 
only a small minority. 26 Although there is good evidence 
that pharmacological prophylaxis reduces volume and 
acidity of  gastric fluid, there is no evidence that its use 
reduces anaesthetic morbidity or mortality from pulmo- 
nary aspiration. ~2,27 We doubt that routine prophylaxis is 
justified for all elective patients, and believe that it should 
be reserved for those with factors which suggest increased 
risk of aspiration of gastric contents. These factors include 
increased gastric fluid volume (obstetrical patients and the 
grossly obese), symptoms of  gastro-oesophageal reflux, 
and anticipated difficult airway management. 

Triple prophylaxis is t ime-consuming and its routine 
prescription for every patient would significantly increase 
the nursing workload. Mistiming will always be common 
because of  unforeseen changes in surgical schedules. Our 
findings demonstrate that no regime guarantees safety, 
and that a single oral dose of  ranitidine 150 mg 2 - 3  hr 
preoperatively is as clinically effective as triple prophy- 
laxis. 
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