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Long term gastric pH monitoring for determining
optimal dose of ranitidine for critically ill preterm

and term neonates

Anna-Leena Kuusela

Abstract

Aim—To determine the optimal doses of
ranitidine for both preterm and term
infants.

Method—The effect of ranitidine treat-
ment was measured from the long term
intraluminal gastric pH in 16 preterm
(gestational age under 37 weeks) and term
infants treated in neonatal intensive care.
The infants received three different bolus
doses of ranitidine: 0.5 mg, 1.0 mg, and 1.5
mg per kilogram of body weight to keep
the intraluminal gastric pH above 4 on a 24
hour basis.

Results—Critically ill neonates, including
very low birth weight infants, were capable
of gastric acid formation, and ranitidine
treatment increased the intraluminal gas-
tric pH. The effect of a single dose lasted
longer in preterm than in term infants.
The time needed for reaching the maxi-
mum gastric pH was significantly longer
in preterm than in term infants. The rani-
tidine given correlated with the duration
of increased gastric pH in a dose depend-
ent manner both in preterm and term
infants.

Conclusion—Preterm infants need sig-
nificantly smaller doses of ranitidine than
term neonates to keep their intraluminal
gastric pH over 4. The required optimal
dose of ranitidine for preterm infants is
0.5 mglkg/body weight twice a day and that
for term infants 1.5 mgl/kg body weight
three times a day.

(Arch Dis Child Fetal Neonatal Ed 1998;78:F151-F153)
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Critically ill patients run the risk of acute
bleeding from stress induced gastric mucosal
lesions.! This includes neonates.” The patho-
physiology of the stress induced gastric lesions
is not clear, but one of the influencing factors is
low gastric acidity with hypoxaemia.’ * Criti-
cally ill neonates are often hypoxaemic and
therefore at severe risk of developing gastric
lesions. Neonates and even preterm infants
have good gastric acid production.” Histamine
2 receptor blockers (H, blockers), such as
cimetidine and ranitidine have most often been
used to prevent gastric lesions in both adults
and infants treated in intensive care.®® The
main effect of H, blockers is to decrease the
gastric acidity and to increase the gastric pH by
inhibiting acid production. The serum concen-
tration of ranitidine does not always correlate

with gastric pH in neonates’®' and so this

measurement cannot be used to determine the
optimal ranitidine dose.

We evaluated the effect of different doses of
intravenous H, blocker (ranitidine) on long
term gastric pH in newborn infants treated in
neonatal intensive care, to determine the opti-
mal treatment dose of ranitidine for preterm
and term infants.

Methods

Twenty two critically ill term and preterm
neonates treated in the neonatal intensive care
unit of Tampere University Hospital were
studied. The neonates were included in the
study if they were not being fed enterally and if
they were prescribed ranitidine on clinical
grounds soon after birth or within the first
week of life (table 1). The exclusion criterion
was gastric pH above 4.

The long term gastric pH was monitored in
all 22 critically ill neonates before starting rani-
tidine and if the gastric pH during the first
three hours was constantly below 4, treatment
was started. Six of the infants (27%) were thus
excluded from the study.

All neonates were mechanically ventilated,
mostly for respiratory distress syndrome in the
preterm infants and either surgery, meconium
aspiration, or severe asphyxia after delivery in
the term neonates. The gestational age ranged
from 28 to 42 weeks (mean 33 weeks) and the
mean birthweight was 2660 g (range 1000—
4360 g). Infants below the gestational age of 37
weeks were classified as preterm and the others
as term. The clinical characteristics are shown
in table 1.

Ranitidine was thus given intravenously to
16 critically ill neonates in three different doses
as boluses of : 0.5 mg/kg, 1.0 mg/kg, and 1.5
mg/kg body weight. The infants were randomly
allocated to one of the three ranitidine groups,
so that each child got only one fixed dose.

The continuous, long term 24 to 48 hour
gastric pH monitoring was carried out using a
Digitrapper Gold II (Synetics Medical, Stock-
holm, Sweden) pH monitor with one channel
registration and a monocrystant antimony pH
probe (91-0011 Monocrystant Antimony pH
Catheter, Synetics Medical, Stockholm, Swe-
den). The pH measuring unit was calibrated
using standard buffer solutions of pH 1 and 7
before and after the assessment of the gastric
pH of the patient. The data were collected
every 4 seconds and analysed using the
EsopHogram (Gastrosoft Inc., Irving, Texas,
USA) analysis program. The probe was
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Table 1

Kuusela

Clinical characteristics of neonates treated with ranitidine

Gestational

Dose of ranitidine

weeks Birthweight (g)  Diagnosis Reason for ranitidine treatment (mglkg body weight)
30 1135 Prematurity Concomitant with corticosteroids 0.5
31 1750 Prematurity Melena 0.5
33 3000 Omphalocele Concomitant with indomethacin 0.5
39 3280 Gastroschisis Bloody nasogastric secretion 0.5
42 4360 Asphyxia Haematemesis 0.5
29 1000 Prematurity Concomitant with indomethacin 1.0
33 3000 Duodenal atresia Bloody nasogastric secretion 1.0
35 2440 Prematurity Concomitant with indomethacin 1.0
35 2470 Gastroschisis Haematemesis 1.0
39 2750 Meconium aspiration Gross blood in stools 1.0
40 3300 Asphyxia Haematemesis 1.0
28 1140 Prematurity Concomitant with corticosteroids 1.5
31 2000 Prematurity Concomitant with indomethacin 1.5
38 3330 Asphyxia Haematemesis 1.5
38 3300 Eating disturbances Haemorrhagic gastritis 1.5
39 4300 Persistent pulmonary hypertension Haematemesis 1.5

Table 2 Mean time (h) gastric pH stays over 4 in preterm and term infants after
receiving three different doses of ranitidine

Gestational
age (weeks)

Different doses of ranitidine treatment (mglkg body weight)

0.5 1.0 1.5

mean (h) SD N mean (h)  SD N

mean (h)  SD N

28-36 10.17 1.3 3 12.75 2.2 4 20.75 1.1 2
37-42 4.75 1.1 2 6.50 1.4 2 7.67 0.8 3
Two way analysis of variance: weeks: p<0.001, dose: p<0.001, interaction p=0.005.
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Figure 1  Gastric intraluminal pH curves of three term
infants (top panel) and three preterm (gestational age less
than 37 weeks) infants (bottom panel) after a bolus dose of
ranitidine: 0.5 mg, 1.0 mg, or 1.5 mg/kg body weight.

inserted via the nose in the same place as the
nasogastric tube. If the patients had no
nasogastric tube the correct position of the pH
probe was confirmed with an x-ray picture.
The administration of the medication was
entered into a diary.

The study protocol was approved by the
Ethical Committee of Tampere University
Hospital. Parental consent was obtained before
pH monitoring procedures were carried out.

Statistical analysis was carried out using the
analysis of variance. The equality of variances
was tested using Levene’s test, and Brown-
Forsythe approximation was applied when
necessary. Post-hoc comparisons were made
using the Duncan multiple range test.

Results

The duration of monitoring of gastric pH var-
ied from 30 to 70 hours (mean 44.3 hours).
Five neonates received intravenous ranitidine
1.5 mg/kg, six 1 mg/kg, and five 0.5 mg/kg body
weight as boluses (table 1). Ranitidine stopped
the bleeding and no perforation occurred dur-
ing treatment. No adverse side effects were
seen.

According to the protocol, all infants had low
intraluminal gastric pH before ranitidine
started; mean pH at the starting point was 2.05
(SD 0.85). The highest values of gastric pH
increased up to mean 7.53 (SD 0.62) with the
doses given and in all 16 neonates pH
increased beyond 4. The higher the ranitidine
dose, the faster gastric pH rose. The 1.5 mg/kg
body weight dose increased the gastric pH
within 0.9 hours (SD 0.65) and this was
significantly more rapid than the dose of 0.5
mg/kg body weight (mean 1.9 hours; SD 0.89
hours; p<0.034). In term infants gastric pH
reached 5 significantly more quickly than in
preterm infants (mean 0.9 hours; SD 0.46 s
mean 1.6 hours, SD 0.78; p<0.005) and the
maximum gastric pH point was reached nearly
twice as quickly (mean 2.64 hours, SD 0.98 vs
mean 5.10 hours, SD 1.29 hours; p<0.001).

Both gestational age and ranitidine dose had
a significant impact on the maintenance of gas-
tric pH over 4 (table 2). The highest dose kept
the gastric pH above 4 for the longest period
both in preterm and term neonates. The high
gastric pH of preterm infants lasted for a
significantly longer period than that of term
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infants. Although the bolus of 0.5 mg/kg was
enough to increase the gastric pH in even term
neonates, the dose had to be repeated every 2
to 5 hours to keep the gastric pH above 4 dur-
ing a 24 hour period. Figure 1 shows the differ-
ent gastric pH responses to ranitidine treat-
ment in individual term and preterm infants.

After checking the individual gastric pH
curves, and according to the results shown in
table 2, the optimal ranitidine dose for term
neonates is estimated to be 1.5 mg/kg body
weight given intravenously three times a day.
For preterm infants, 0.5 mg/kg body weight
twice a day is sufficient.

Discussion

H, blockers have been used for prophylactic as
well as symptomatic treatment of stress induced
gastric lesions in adults and children, including
term and preterm neonates.” * > Ranitidine has
been considered safe for the treatment of even
critically ill neonates.'® The main mode of action
of these H, blockers is the increase in the gastric
pH by decreasing the gastric acid output.
Neonates can secrete gastric acid,” " but the
gastric pH may also be alkaline.”” In our study
the initial gastric pH was alkaline in six out of 22
(27%). These infants might benefit from treat-
ment other than an H, blocker. We found that
ranitidine treatment increased the gastric pH in
every infant with initially low values. There was
a clear difference between preterm and term
infants in terms of the length of time intralumi-
nal gastric pH was maintained above 4.

Ranitidine, given either as boluses or as a
continuous intravenous infusion, is equally
effective.’® The bolus injection system was
chosen to avoid the necessity for an extra
intravenous infusion route, as ranitidine reacts
easily with other drugs, leading to crystalloid
formation. It was also easier to estimate the
required individual dose of medication by
using the bolus system. Breast feeding also
increases intraluminal gastric pH,'"" *® but criti-
cally ill neonates mostly receive little or no oral
feeds. Ranitidine boluses have the same effect
on gastric pH as bolus breast feeding. Using a
bolus dosage regimen, the resulting drop in
gastric acidity acts as a barrier to the entry of
micro-organisms into the intestine.'® The
serum concentration of ranitidine did not help
determine the optimal dose of the
medication.® *

The ranitidine dose used for children and
neonates was derived from doses used for
adults. The recommended dose of intravenous
ranitidine was 1 mg up to 5 mg/kg body weight
per day."” *° However, it has been suggested that
smaller children need smaller ranitidine
doses." Our study, by measuring long term
intraluminal gastric pH, shows that preterm
infants really need lower doses. As all the stud-
ied dose regimens were effective for preterm
infants, the lowest dose was chosen. Adverse
effects, such as bradycardia, have been linked
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with use of ranitidine.” This, together with the
preventive nature of the treatment, supported
the selection of a clinically effective low dose—
0.5 mg/kg body weight twice a day. By contrast,
the dose of ranitidine needed for term infants
was similar to that estimated earlier from adult
studies and much higher than the dose for pre-
term infants. For term infants the dosing regi-
men requiring fewest doses per day to maintain
24 hour increased intraluminal gastric pH was
1.5 mg/kg body weight three times a day.

In conclusion, long term intraluminal gastric
pH monitoring is an easy way to determine
gastric acidity and was used to determine the
required optimal dose of ranitidine to increase
the gastric pH when treating critically ill
preterm and term neonates. The results
suggest that the required optimal dose of rani-
tidine for preterm infants is 0.5 mg/kg/body
weight twice a day, and that for term infants,
1.5 mg/kg body weight three times a day.
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