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Lansoprazole reduces
preoperative gastric
fluid acidity and
volume in children

The purpose of this study was to explore the efficacy of lan-
soprazole, a proton pump inhibitor, in reducing the acidity and
volume of gastric aspirate in children immediately following
the induction of anaesthesia. One hundred healthy in-patients
aged 3-11 yr undergoing elective surgery were randomly al-
located 10 four groups (n = 25 each): lansoprazole-lansoprazole,
placebo-placebo,  placebo-lansoprazole, and lansoprazole-
placebo. For each treatment regimen, the first medication was
administered at 9:00 pm on the night before surgery and the
second at 5:30 am on the morning of the day of surgery (three
hours preoperatively). The dose of lansoprazole was 30 mg (ap-
proximately 14 mg- kg=! mean). Children were offered 10
ml kg~ apple juice three hours before induction of anaes-
thesia. Afier induction of anaesthesia and tracheal intubation,
gastric fluid was aspirated through a large-bore, multiorifice
orogastric tube and analyzed for pH and total fluid volume.
Lansoprazole increased gastric fluid pH and decreased gastric
Jluid volume regardiess of whether it was administered before
or afier placebo. Two consecutive doses of lansoprazole was
the most effective means of increasing the pH and reducing
the volume of gastric aspirate; in this group, there were no
subjects with gastric aspirate volume >0.4 ml-kg=! and pH
<2.5. Oral lansoprazole, at least 30 mg, given on the night
before surgery or on the morning of surgery will improve the
gastric environmen at the time of induction of paediatric anaes-
thesia. The most effective regimen was two doses (at bedtime
and on the morning) of lansoprazole.

Key words

ANAESTHESIA: paediatric;

COMPLICATIONS: aspiration;

GASTROINTESTINAL TRACT: gastric fluid volume,
gastric pH;

PREMEDICATION: lansoprazole.

From the Department of Anaesthesiology, Kobe University
School of Medicine, Kusunoki<ho 7, Chuo-ku, Kobe 650,
Japan,

Address correspondence to: Dr. K. Mikawa, Department of
Anaesthesiology, Kobe University School of Medicine,
Kusunoki-cho 7, Chuo-ku, Kobe 650, Japan.

Accepted for publication 18th February, 1995.

CAN J ANAESTH 1995/ 42: 6 [ pp467-12

Cette étude a pour objectif lévaluation de l'efficacité du lanso-
prazole, un inhibiteur de la pompe a proton, sur la réduction
de lacidité et du volume du contenu gastriques chez l'enfant
mesurés immédiatement aprés linduction de lanesthésie.
Cent sujets bien portants agés de 3 a 1l ans hospitalises pour
une chirurgie non urgente sont répartis au hasard en quatre
groupes (n = 25 par groupe) de la fagon suivante: lansa-
prazole-lansaprazole, placebo-placebo, placebo-lansaprazole, et
lansaprazole-placebo. Dans tous les cas, la premiére médication
est administrée a 21.00 la veille de la chirurgie et la deuxiéme
a 5:30 le matin de la chirurgie (trois heures avant lintervention).
La dose de lansaprazole est de 30 mg (environ 1.4 mg-kg~'
en moyenne). On offre aux enfant 10 mi* kg~ de jus de pomme
trois heures avant l'induction de l'anesthésie. Aprés l'induction
et lintubation de la trachée, le liquide gastrique est aspiré avec
une sonde gastrique de gros calibre a plusieurs orifices et on
analyse son pH et son volume. La lansaprazole augmente le
pH et diminue le volume du contenu gastrique qu'il soit ad-
ministré avant ou apres le placebo. Le moyen le plus efficace
pour augmenter le pH et diminuer le volume est d'administrer
deux doses de lansaprazole successives: dans ce groupe, le vo-
lume du contenu gastrique est toujours inférieur a 0,4 mi- kg~'
et le pH supérieur a 2,5. Le lansaprazole, a la dose de 30
mg, administré par la bouche la veille ou le matin de la chi-
rurgie améliore les paramétres gastrique au moment de l'in-
duction de l'anesthésie. La méthode la plus sire est constituée
par ladministration de deux doses de lansaprazole, au coucher
et le matin.

Paediatric general anaesthesia is associated with a risk
of pulmonary aspiration of gastric contents' and the in-
cidence of this complication is higher than in adults.’?
Children who come to the operating theatre have been
shown to have a gastric fluid volume >0.4 ml- kg~! and
pH <2.5 regardless of the fasting interval.*® Patients
who fulfill these criteria are believed to be at increased
risk of developing aspiration pneumonitis.>!® Several
pharmacological interventions have proved successful in
reducing the risk of lung damage by decreasing gastric
acid secretion in paediatric surgery.""3!"-' Histamine,
(Hy-receptor antagonists, including cimetidine, ranitidine,
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and famotidine, have been used in the preoperative period
to modify gastric fluid environment prior to the induction
of paediatric anaesthesia.”®!"-1> Omeprazole which in-
hibits H*/K*-ATPase (proton pump) in parietal cells
and thereby decreases gastric fluid, when given as a pre-
medication, has recently been shown to reduce preop-
erative gastric fluid acidity and volume in children. '¢

Lansoprazole is a new potent proton pump inhibitor, "
The drug is transformed into its active forms within the
acid-forming space. '® The active inhibitors react with the
SH groups of the proton pump, resulting in the inhibition
of acid formation. Lansoprazole inhibits acid secretion
provoked by histamine, carbachol, or dibutyryl cyclic
AMP although H, receptor antagonists selectively sup-
press histamine-stimulated acid formation.'® This obser-
vation is explained by the difference in the mechanisms
between lansoprazole and H, receptor antagonists. There
are considered to be mainly three routes (ie., vagal, his-
taminergic, and gastrinergic) through which the proton
pump in parietal cells, the final common pathway of gas-
tric acid secretion, is activated.'® Since lansoprazole in-
hibits activation of this final step coupled with the various
stimuli, the drug is more potent in reducing gastric acidity
than H, receptor antagonists which inhibit stimulation
through only the histaminergic pathway.'® Lansoprazole
produces rapid and prolonged inhibition of this enzyme?
and has been orally used in the treatment of peptic ulcer,
reflux oesophagitis, and Zollinger-Ellison syndrome with
few side effects. 2 We undertook a controlled, random-
ized, and prospective study to evaluate the efficacy of
preoperative oral lansoprazole in controlling gastric fluid
pH and volume in children.

Methods

To make the assessment of the efficacy of lansoprazole,
we used three different regimens of the drug: 30 mg at
bedtime before surgery, 30 mg on the morning of the
day of surgery, and combination of the two doses (60
mg in total). For this study, institutional approval was
obtained from the clinical investigation review board of
Kobe University Hospital. For all subjects, informed con-
sent was obtained from the parents of all children on
the day before surgery. We studied 100 otherwise healthy
children (ASA physical status 1), aged 3~11 yr, under-
going elective surgery (ophthalmological, otological, or-
thopaedic, or urological surgery) as inpatients. Subjects
with gastrointestinal disease, obese patients >20% heavier
than their ideal body weight, and those taking medication
known to affect gastric fluid composition or gastric emp-
tying were excluded. The children were randomly (using
an envelope method) assigned to one of four treatments
as follows (n = 25 for each group). lansopra-
zole-lansoprazole, placebo-placebo (as a control group),
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placebo-lansoprazole, and lansoprazole-placebo. Sub-
jects in the lansoprazole-lansoprazole group received two
doses of lansoprazole (30 mg per dose, Takepron®,
Takeda, Japan), those in the placebo-placebo group, two
doses of placebo, those in the placebo-lansoprazole and
lansoprazole-placebo group, one dose each of the two
preparations by mouth. For each treatment regimen, the
first medication was administered at 9:00 pm on the night
before surgery and the second at 5:30 am on the morning
of the day of surgery.

Milk and solids were administered until 9:00 pm on
the day before surgery. The patients were instructed to
ingest a large volume of apple juice (10 ml- kg=') three
hours before induction of anaesthesia (at 5:30 am on the
day of surgery).

Induction of anaesthesia in all cases was started at
8:30 am. After preoxygenation with 100% oxygen by
mask, anaesthesia was induced with nitrous oxide (N,0)
4 L -min~', oxygen 2 L - min~!, and halothane in grad-
uvally increasing concentrations up to 1.5% inspired. In-
fusion (lactated Ringer’s solution) was started imme-
diately after we confirmed loss of consciousness of
children. Atropine 0.01 mg-kg™! iv was then adminis-
tered through a three-way stopcock to prevent bradycar-
dia and hypotension. After injection of atropine, the in-
spired halothane concentration was increased to 2.5%.
The lungs were ventilated taking care to avoid inflation
of the stomach. Tracheal intubation was facilitated by
vecuronium bromide 0.1 mg- kg~' i All inductions were
uneventful and no patients had coughing, laryngospasm,
or vomiting during induction.

Following tracheal intubation, a 16-Fr Argyle Salem
Sump® catheter was inserted into the stomach, Place-
ment of the orogastric tube within the stomach was ver-
ified by auscultation over the epigastnum during intro-
duction of 5-10 m! air. Gastric fluid samples were
obtained by gentle aspiration with a 50-ml syringe by
an investigator who was unaware which pre-anaesthétic
medication the patient had received. Aspirations were at-
tempted with the child held in the supine, reverse Tren-
delenburg, and both lateral positions to maximize gastric
emptying. Pressure was applied over the epigastrium with
the patient held in the supine and then in the left and
right lateral decubitus positions to ensure maximum emip-
tying of gastric fluid. Gastric contents were visually in-
spected for particles and the volume of gastric contents
was measured with the syringe. The pH of the gastric
fluld was immediately determined using a pH meter
(Horiba F-8L, Japan) which was calibrated using stand-
ard buffers at pH values of 2, 4, and 7. The pH meter
has 0.01 pH units precision over the entire pH range.

The age, weight, volume of apple juice ingested, and
gastric fluid pH and volume were recorded for each patient.
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TABLE | Demographic data of patients. Values are expressed as mean + SD
Placebo- Lansoprazole-  Placebo- Lansoprazole-
Groups placebo placebo lansoprazole larsoprazole
n 25 25 25 25
Age (yr) 6514 66+ 15 TLE L7 69% 16
Weight (kg) 21 +38 2+39 24+4] 2340
Volume of apple juice ingested
(ml- kg—%) 98 £0.3 99 +03 99+03 98 £0.3
At any variables: P> 0.05.
TABLE [l Gastric Fluid Analysis
Placebo- Lansoprazole-  Placebo- Lansoprazole-
placebo placebo lansoprazole lansoprazole
Gastric fluid volume (ml - kg™")
- Mean = SD 0.62 £ 0.54 0.29 1 0.24* 0.24 £ 0.i6* 0.20 £ 0.12*
- (range) (0-2.5) (0-0.91) (0-0.56) (0 -0.48)
Gastric fluid volume >0.4 ml- kg=' 13/25 (529%) 7/25 (28%) 3/25 (12%)*t 2/25 (8%)*t
Gastric fluid pH
- mean + SD 1.97 £ 0.56 2.79 £ 1.24* 343 £ 1.54* 5.07 £ 1.49*1¢
- (range) : 0.7-3.7 (1.0-6.9) (1.2-72) (2.2-75)
Gastric fluid pH <2.5 19721 (90%) 8/20 (40%)* 6/20 (30%)* 1/19 (5%)*t1
Gastric fluid volume >0.4 ml - kg™'
and gastric fluid pH <2.5 11/25 (44%) 4/25 (16%)* 2/25 8%)* 0/25 (0%)*t

* P < 0.05 vs placebo-placebo (control group).
tP < 0.05 vs lansoprazole-placebo group.
1P < 0.05 vs placebo-lansoprazole group.

Comparisons of data between the groups were made
using one-way analysis of variance and Bonferroni cor-
rection for multiple comparison of parametric data, while
Kruskal-Wallis rank test was used for non-parametric
data. The differences between the groups’ risk factors for
pulmonary acid-aspiration syndrome were tested for sta-
tistical significance by chi-square test. P < 0.05 was
deemed statistically significant.

Results

There were no differences among the four groups of pa-
tients with regard to age, weight, or volume of fluids
ingested (Table I).

Although gastric fluid was obtained from all children
enrolled in the current study, the volume was sufficient
for pH determination only in 80 of the 100 samples. In
the remainder, a very small quantity of gastric fluid re-
mained in the gastric tube. It could not be aspirated into
the syringe. These small quantities of gastric fluid were
arbitrarily regarded as a residual volume of 0 ml. Com-
pared with the placebo-placebo (control) group, gastric
fluid volume was less in all of the other three regimen
groups (Table II). Lansoprazole, regardless of the time
of administration, increased gastric fluid pH. Two doses
of lansoprazole (60 mg) were the most effective in de-

creasing gastric acidity. Lansoprazole reduced the number
of children with a gastric fluid pH <{2.5 and gastric fluid
volume >0.4 ml- kg=' compared with the control group
(placebo-placebo: 449, lansoprazole-placebo: 16%,
placebo-lansoprazole: 8% and lansoprazole-lansoprazole:
0%).

Children did not have particulate matter in their gastric
aspirates. Adverse reactions (eruption, headache, diar-
rhoea, constipation, and fever) related to lansoprazole
were not noted before surgery.

Discussion
In the present study, a single dose of 30 mg lansoprazole
given either the night before surgery or on the morning
of the day of surgery successfully reduced the acidity and
volume of gastric aspirate in children. Administration of
lansoprazole in two successive doses (60 mg in total)
seemed to be more effective in modulating gastric fluid
properties than a single dose of the drug. This may be
due to an additive effect of two doses of lansoprazole.
Lansoprazole has an accepted place in clinical practice
for the treatment of severe reflux oesophagitis, refractory
peptic ulcer, and Zollinger-Ellison syndrome in
adults. 22 For these purposes, oral administration of lan-
soprazole at doses of 30-120 mg-day~' for several
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months is advocated. 2-2* Lansoprazole at doses of 7.5-60
mg - day~! given for 14-34 days has been proved effective
in the treatment of duodenal ulcer in six children (13-17
yr).% No severe adverse effects were observed in these
reports. Lansoprazole is a weak base (pK, = 4-4.5)8
so that it is unstable in acid environments. The drug
is therefore formulated as a capsule containing enteric
coated granules to permit rapid absorption from the small
intestine. This characteristic of lansoprazole precluded us
from pulverizing the granules. Furthermore, in the pres-
ent study, doses of 1.3-2.6 mg- kg~! were used because
30 mg capsules are the only dosage form available in
Japan. Thus, we studied the upper dose range of this
medication. However, 15 mg capsules are available in
some countries, where the effect of the drug at its optimal
dose may be evaluated.

The time of dosing for lansoprazole, three hours before
anaesthesia in the placebo~lansoprazole and lansopra-
zole~lansoprazole groups, was chosen because Tp,, of
lansoprazole ranges between 1.5-2 hr after oral 30 mg
administration®2 and the onset of gastric anti-secretory
effect of lansoprazole occurs within one hour after single
oral lansoprazole 30 mg.* Furthermore, lansoprazole has
a prolonged effect 12 hr)? because it is concentrated
selectively in the acidic environment of the gastric parietal
cell, where it remains at high levels for a long period
of time.? These pharmacological characteristics (rapid
onset and long duration) may account for our observation
that oral lansoprazole, even when given in a single dose
at bedtime before surgery or on the morning of surgery,
effectively decreased gastric acidity and volume. This
rapid onset of action of lansoprazole encourages us to
use the drug as a premedicant for paediatric out-patients.
Further studies are required to evaluate the efficacy of
lansoprazole in children undergoing ambulatory surgery.

As the incidence of aspiration has recently been re-
ported to be as low as approximately 1:10,000,%-3! it
is extremely unlikely that aspiration will occur in children
who are not predisposed to regurgitation. Thus, prophy-
laxis of aspiration pneumonitis with lansoprazole in oth-
erwise healthy children may have the minimal indications
or use of this drug in children. However, its use might
be considered in cases where airway difficulties are an-
ticipated.! Children with reflux oesophagitis may con-
stitute another group of patients who may benefit from
the drug. In the present study, we used ASA physical
status | children. This population was chosen to ensure
a safe approach to the initial evaluation of lansoprazole’s
effects.

Hj-antagonists {e.g., cimetidine, famotidine, and ran-
itidine) have been extensively studied as candidates for
acid aspiration prophylaxis in otherwise healthy children
presenting for routine surgery.™!1-1% Since the reduction
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in gastric fluid volume is not a consistent finding in these
studies,'!"'® the ability of lansoprazole to decrease gastric
volume may be an advantage. A rebound increase in
gastric secretion following discontinuation of medication
seerns to occur less frequently with proton pump inhib-
itors than with cimetidine.3? Lansoprazole has little hae-
modynamic effect.® The drug shows marked anti-
bacterial activities against Helicobacter pylori, which is
an important human pathogen causing type B gastritis
and probably predisposes considerably to duodenal ulcer
recurrence.® This activity is similar to that of bismuth
subcitrate and four times more potent than that of ome-
prazole. These characteristics may also be advantages of
the drug.

Lansoprazole does not seem to interfere with drug me-
tabolism by binding cytochrome P-450.% Unlike cime-
tidine, no or little interactions with diazepam,* antipy-
rine,” warfarin® or theophylline,® all of which may be
used in perioperative periods, have been observed in man.
Lansoprazole has been shown to enhance secretion of
bicarbonate, which is thought to be one of mucosal pro-
tective factors in the pathogenesis of peptic ulcer, from
the duodenum compared with famotidine or omepra-
zole.® These characteristics may give the drug an ad-
ditional advantage,

In conclusion, we have shown that 30 mg of oral lan-
soprazole, at bedtime before surgery or on the morning
of surgery, increased preoperative gastric {luid pH and
decreased gastric volume in children. The two doses (in
a single 30 mg dose at bedtime before surgery and an
additional 30 mg dose on the morning of the day of
surgery), of lansoprazole was the most effective of the
regimens studied in controlling gastric fluid environment.
In children who are at risk of aspirating gastric contents,
the reduction in volume of gastric fluid and the improve-
ment of gastric pH by the drug can reasonably be an-
ticipated to provide protection against the occurrence of
preumonitis, should regurgitation and aspiration of gas-
tric contents occur.
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