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Abstract

Goals of work Inoperable bowel obstructions are not
uncommon in advanced cancer and are associated with a
very poor prognosis. Symptom control includes reducing the
frequency of vomiting by prescription of antisecretory
medications. The most commonly used agents for this are
either hyoscine butylbromide or octreotide. Either histamine
2 antagonists or proton pump inhibitors are sometimes
recommended as adjuvants to reduce gastric secretions.
The aim of this study was to examine the effects of histamine
2 antagonists and proton pump inhibitors and to objectively
compare the effects of one agent over another.

Materials and methods Previously, electronic databases
were searched for trials that compared ranitidine versus
proton pump inhibitors in their effect on volume of gastric
aspirates.

Results Seven trials were included in a meta-analysis.
Pooled outcomes suggest that both proton pump inhibitors
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and ranitidine reduce gastric volumes, but the most superior
agent is ranitidine, which reduces the volume of gastric
secretions by an average of 0.22 ml.kg '; 95% confidence
interval 0.04 to 0.41.

Conclusions Based on well-conducted studies, objective
evidence exists that confirms ranitidine will decrease the
volume of gastric aspirates. This forms a sound basis from
which to develop further research aimed at improving the
care of people with malignant bowel obstructions.

Keywords Gastric secretions - Histamine 2 antagonists -
Proton pump inhibitors

Introduction

Inoperable malignant bowel obstructions are likely to occur
in up to 50% of people with advanced ovarian cancer and in
up to 28% of people with advanced gastrointestinal cancers
[1]. Whether operable or inoperable at presentation,
malignant bowel obstructions are associated with a poor
prognosis, with a mean life expectancy of 3 months or less
[2]. The associated symptoms are generally acknowledged
as unpleasant and distressing. These may include nausea,
vomiting, anorexia, abdominal distension, abdominal pain
or discomfort, anxiety and dry mouth [3].

Some supportive and palliative care therapeutic guide-
lines and formularies advocate the addition of adjuvants
such as histamine 2 receptor antagonists (H2 antagonists) or
proton pump inhibitors (PPI) to further reduce the volume
of gastric secretions [4, 5]. Based on the mechanism of
action of these medications, this would seem very reason-
able. H2 antagonists block the H2 receptors of the
stomach’s parietal cells, thereby inhibiting the stimulatory
effects of histamine on the volume of gastric secretions.
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PPIs block the enzyme system of hydrogen/potassium
adenosine triphosphatase (H'/K" ATPase), the ‘proton
pump’ of the gastric parietal cell, such that the stimulatory
actions of histamine, gastrin and acetylcholine are all
inhibited. Most commonly, these drugs are used to treat
peptic ulcer disease, with PPI generally considered superior
to H2 antagonists.

However, despite recommendations to add these agents
as adjuvants in palliative management of gastrointestinal
obstructions, there are no reports of the clinical effective-
ness to support this. There is little understanding as to the
clinical magnitude of benefit that could be expected or to
suggest the superiority of one agent over another.

Previously, we questioned whether H2 blockers or PPI
were superior to reduce both the volumes and pH of gastric
secretions [6]. The aim of this paper is to consider the data
previously collected to examine the effects of H2 blockers
and PPIs to reduce the volume of gastric secretions and to
compare the effects of one agent over another to identify if
one is the superior choice while awaiting adequately
powered, definitive phase III studies.

Methods
Search strategy for identification of studies

Previously, Medline, EMBASE and CINHAL were searched
for randomised clinical trials that compared H2 antagonists
and PPIs given by any route of administration to modify or
reduce gastric secretion volumes and pH in humans. The
same search was adopted for this paper and used the terms:
‘histamine 2 antagonists’, ‘H2 blockers’, ‘proton pump
inhibitors’, ‘gastric secretions’, ‘gastric fluid’ and combi-
nations of these [6].

Eligibility criteria

Only randomised trials that compared any PPI with any H2
receptor antagonist’s effects on gastric volume, measured
either in millilitres (ml) or millilitres per kilogram (ml kg™")
were considered. Only published randomised trials in
English were retrieved.

Methods of the review

Trial quality was assessed using Jadad scores [7] (Table 1).
Other data tabulated included the characteristics and
numbers of participants; the duration of fasting and lag
time between a medication’s administration and aspiration
of the stomach contents; and the name, dose and route of
administration of any of the drugs used in the studies. The
outcome variable of interest for this paper is the volume of
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gastric fluid aspirated while the participant had fasted after
the medications had been administered.

Statistical analysis

The null hypothesis was that there is no difference between
H2 antagonist and PPI to reduce the volume of gastric
aspirations. Analysis of data was undertaken using Stata SE
10 statistical software (StataCorp. Stata Statistical Software:
Release 10.0: Stata Corporation; 2007. College Station,
Texas, USA).

Differences in gastric aspirate volumes after H2 antag-
onist versus PPI were calculated by comparing the mean
difference in gastric aspirated volumes divided by the
pooled standard deviation. The ‘standardised mean differ-
ence’ (SMD), was used as this allows meta-analysis of trials
that used either ml or ml kg ' as volume measures.
Heterogeneity and bias were considered. A graphical and
numerical approach was used, with a x? test. The pooled
effect allowed the studies to be compared and the total
effects calculated with a Z-test. A p<0.05 was considered
significant for all statistical evaluations. Study bias was
assessed with funnel plots using the ‘fill and trim’ method,
Begg’s rank correlation method to calculate the correlation
between the standardised treatment effect and the variance
of the treatment effect [8] and finally, the Eggar regression
method which fits a linear model of the standardised
treatment effect to measure the impact on precision (i.e.
the inverse of the variance) [9].

Results

The only studies that could be located that describe the
prescription of either H2 antagonists or PPI to reduce
volume of gastric secretions were undertaken in the peri-
operative period for elective surgery where participants
were randomly allocated to receive either a PPI or H2
blocker in the pre-operative phase. The basis of these
studies was better to understand risk reduction of aspiration
during general anaesthetic. No studies that considered the
volume of secretions in the management of impaired gastric
emptying in a palliative or other clinical situation were
located.

There were 40 articles identified from the search, but only
seven were sufficient to meet the pre-determined inclusion
criteria of the analysis. This allowed the volume of gastric
aspirates of 223 participants who received ranitidine to be
compared with 222 participants who received a PPI
(omeprazole, lansoprazole, pantoprazole and rabeprazole:
Table 1). Although two studies included ranitidine and
another H2 antagonist (Table 1), only the data from
ranitidine and the PPI were adequate for meta-analysis.
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Table 1 Included studies’ details

Study number  Author [ref] Country of origin

Study Interventions (number of participants)

Jadad scores

1 Escalano F et al. 1992 [21]  Spain

PO ranitidine 150 mg (27) 2

PO famotidine 40 mg (27)
PO omeprazole 40 mg (27)

2 Hendolin R et al. 1993 [22]  Finland

PO ranitidine 300 mg (26) 2

PO omeprazole 80 mg (26)

3 Nishina K et al. 1996 [23] Japan

PO lansoprazole 30 mg then PO lansoprazole 30 mg (25) 2

PO lansoprazole 30 mg then placebo (25)
Placebo then PO lansoprazole 30 mg (25)
PO omeprazole 80 mg then PO omeprazole 80 mg (25)

PO omeprazole 80 mg then placebo (25)

Placebo then PO omeprazole 80 mg (25)
Placebo then PO ranitidine 300 mg (25)

4 Nishina K et al. 2000 [24] Japan

Placebo then PO rabeprazole 20 mg (30) 3

PO rabeprazole 20 mg then placebo (30)
PO rabeprazole 20 mg then PO rabeprazole 20 mg (30)

PO lansoprazole 30 mg then PO lansoprazole 30 mg (30)
Placebo then PO ranitidine 300 mg (30)

5 Useugi T et al. 2002 [25] Japan

Placebo then PO lafutidine 10 mg (45) 2

PO lafutidine 10 mg then placebo (45)

PO lafutidine 10 mg then PO lafutidine 10 mg (45)
Placebo then PO lafutidine 20 mg (45)

PO lafutidine 20 mg then placebo (45)

Placebo then PO ranitidine 300 mg (45)

PO rabeprazole 20 mg then PO rabeprazole 20 mg (45)

6 Memis D et al. 2003 [26] Turkey

Ranitidine 50 mg IVI (30) 4

Pantoprazole 40 mg IVI (30)

7 Goel C et al. 2006 [27] India

Ranitidine 50 mg IVI (40) 2

Pantoprazole 40 mg IVI (40)

The degree of publication and other potential biases was
examined. The funnel plot exhibited a pattern of an inverted
funnel, consistent with a lack of bias. This was supported
by the Begg rank correlation which yielded a result of an
adjusted Kendall’s score of 5 (SD=6.66) with a Z=0.75,
p=0.453. The final test of publication bias was the Egger
regression plot which yielded a bias coefficient of 1.9;
however, it was insignificant. All these results suggested a
lack of evidence for any publication bias. There was no
significant heterogeneity of the included studies identified
(x*=4.99, p=0.545) or between the subgroups (x*=2.47,
p=0.480), allowing pooled analysis to be undertaken.

Clinical differences in the details of the retrieved studies
include wide variations in dose of administered medications
(Table 1). For ranitidine, the maximum dose used across all
studies was comparable to the lowest doses recommended
as maintenance therapy for peptic ulcer disease, where for
PPIs with the exception of pantoprazole, the doses were up
to two to four times higher than the minimum dose for the
same indication in one or two divided doses [10]. Pre-
operative fasting times varied; two studies failed to record

fasting times, and where recorded, fasting ranged from 4 to
10 h. The route of administration of medications differed.
In five studies, medications were administered orally and in
two, intravenously. The time between administration of
medications and aspiration of gastric contents varied from 1
to 6 h.

Meta-analysis of ranitidine versus PPI to reduce gastric
volume

The Forest plot (Fig. 1) summarises the results. There was a
significant pooled treatment effect (Z=2.34, p=0.019) with
a standardised mean difference (SMD) of 0.22 (95%
confidence interval, CI 0.04—0.41). These results suggested
that, on average, the use of PPIs resulted in higher volumes
of gastric secretions by 0.22 of a standard deviation unit
when compared with ranitidine.

In real terms, the gastric fluid aspirated from the placebo
arms of the trials was 0.54 (range 0.00 to 1.07) ml kg .
The volume of gastric aspirates in those treated with a PPI
was 0.410 (range 0.00 to 0.82) ml kg ', compared to the
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Fig. 1 Meta-analysis of the
comparison of the effects
between ranitidine (which

is anchored at 0) and PPIs on the Study
volume of gastric secretion prior D

to surgery. (x-axis is the SMD;

Omeprazole
error bars are 95% CI)

Escolano et al (1992)
Hendolin et al (1993)
Nishina et al (1996)

Pooled PPI

Pooled ranitidine

|-squared = 93.4%, p=0.00I
Lansoprazole

Nishina et al (1996)

Nishina et al (2000)

Pooled PPI

Pooled ranitidine

|-squared = 0.0%, p = 0.611
Rabeprazole

Nishina et al (2000)

Uesugi et al (2002)

Pooled PPI

Pooled ranitidine

I-squared = 0.0%, p = 0.952
Pantoprazole

Memis et al (2003)

Goel et al (2006)

Pooled PPI

Pooled ranitidine

|-squared = 32.3%, p = 0.224

Total PPI Overall
Total Ranitidine
|-squared = 77.1%, p = 0.000

SMD (95% Cl) % weight

0.24 (-0.30,0.77) 40.01
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0.54 (0.20, 0.88)  100.00
0.77 (-0.57, 2.12)
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0.55 (-0.02, 1.11) 44.89
0.35 (-0.16,0.86) 55.11
0.44 (0.06,0.82)  100.00
0.4 (0.06, 0.82)

0.18 (-0.33,0.69) 39.98
0.16 (-0.26, 0.57) 60.02
0.17 (-0.15,0.49) 100.00
0.17 (-0.15, 0.49)

0.55(0.03,1.07) 41.97
0.13 (-0.31,0.57) 58.03
0.31(-0.03,0.64) 100.00
0.32 (-0.09, 0.73)

0.35 (0.18, 0.52)
0.44 (0.08, 0.80)
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volume of gastric aspirates of those pre-treated with
ranitidine which was 0.16 (range 0.00 to 0.32) ml kg .

The meta-analysis demonstrated that the use of ranitidine
resulted in reduction of the volumes of gastric aspirate, on
average, by an additional 0.22 ml kg™' in comparison with
PPlIs.

Discussion

Despite relatively larger equipotent doses of PPIs, ranitidine
reduces the volume of gastric secretions to a significantly
greater degree based on a meta-analysis of quality phase III
studies.

Current practice and the evidence base for this

This empirical evidence for the treatment of malignant
bowel obstruction has been identified as lacking in quality
[11, 12] but, despite this, has resulted in widely published
clinical practise recommendations that are based on either
retrospective data or small, uncontrolled prospective studies.
The mainstays of non-surgical palliation of malignant bowel
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obstruction include parenteral analgesia, anti-nauseants and
measures aimed at reducing intestinal secretions. Reducing
intestinal secretions may help to reduce the frequency of
vomiting and may assist in pain control, both the cramping
pain of peristalsis and the constant pain and nausea of
visceral distension.

Two main classes of medications are considered anti-
secretory: the anti-cholinergic medications, particularly
hyoscine butylbromide, and the somatostatin analogue,
octreotide. Based on the current evidence which is mostly
observational, octreotide is probably the superior agent. The
clinical reality is the choice of agents remains largely based
on local availability, cost and physician preference rather
than adequately powered phase III studies [13].

Hyoscine butylbromide is the other most commonly used
medication in malignant bowel obstructions when the aim is to
reduce gastrointestinal secretions [14]. The use of hyoscine to
achieve this contrasts with the results of an earlier study
which compared gastric volume aspirates after administration
of atropine, hyoscine, glycopyrrolate and placebo in a fasting
pre-operative (paediatric) population. There were no statisti-
cally significant differences in the volumes of gastric aspira-
tions between the atropine, hyoscine and placebo subgroups
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[15]. In stark contrast, the glycopyrrolate group achieved a
statistically significant reduction in gastric aspirate volumes.
Again, to place this in real terms, the mean volume of the
control group’s aspirates was 0.60+0.09 ml kg ', which is
similar to the atropine’s 0.42+0.05 ml kg ' and scopol-
amine’s 0.45 +0.05 ml kg ' groups. The volumes of the
glycopyrrolate group were much lower, 0.18£0.05 ml kg '. It
is notable that the reduction in gastric aspirates achieved with
glycopyrrolate in this study are very similar to the mean
volumes of gastric aspirates achieved with the use of
ranitidine (0.16 (range 0.00 to 0.32) ml kg ') from our
review of the data.

Generalizability

The reported studies only evaluated people fasting and
subsequently undergoing low-risk anaesthesia. It is not
possible from this data to comment on the effect of H2
antagonists or PPIs in a much sicker population, typical of
people referred with malignant bowel obstruction for
conservative management, given the absence of any studies
of these compounds in this population. It is therefore
important to consider, in the light of the evidence presented
here, the potential role of H2 antagonists and PPIs in the
symptomatic management of malignant bowel obstruction
given their documented ability to reduce the volume of
gastric secretions.

Limitations

All of the studies reported fasting volumes of gastric aspirates,
with no indication of how recent oral or parenteral fluids
would modify the volumes. The duration of the volume-
decreasing effect is not clear from these data. The maximum
elapsed time between administration of medication and
measurement of gastric aspirates was 6 h. Whilst the
volumes at this time were still low, it is not possible to
comment on how long this effect would continue to persist.
This especially needs objective clarification as H2 antago-
nists in other situations have been associated with the
development of tolerance within hours [16], an effect not
reported for PPIs.

Routes of administration in the seven studies varied;
however, previous comparisons of oral versus intravenous
ranitidine and pantoprazole have not reported any differ-
ence in clinical effect [17, 18], with the only reported
difference being that the onset of gastric acid suppression
is more rapid with intravenous administration. With a
bowel obstruction secondary to malignancy, medications
would generally be administered parenterally. Ranitidine
and PPIs may be administered orally or parenterally
without dilution thereby allowing its administration sub-
cutaneously [19].

Implications for practice

Both classes of medications reported in this meta-analysis
are relatively well tolerated. The addition or substitution of
one of these classes of medications may provide a wider
and more cost-effective choice of therapies for this
frequently encountered clinical presentation.

Implications for research

It is reasonable to extrapolate from anaesthetic studies in
order to generate meaningful clinical studies for people with
malignant bowel obstruction. Clinical queries that require
answers include time to onset of action and duration of
benefit of either H2 antagonists or PPIs in the population
with malignant bowel obstruction. Their use in malignant
intestinal obstruction needs to be confirmed with studies that
have the symptoms that they are most likely to directly
address (vomiting frequency and vomiting volume) assessed
as the primary outcomes in short- and intermediate-term
adequately powered phase III studies.

The observation that glycopyrrolate was associated with
significantly reduced volumes of gastric aspirates in a pre-
operative fasting (paediatric) population should prompt
interest in a comparison with an H2 antagonist. Both
ranitidine and glycopyrrolate have quantifiable reductions
in gastric aspirate volumes documented, unlike any other
medications used to reduce gastric secretion volumes in
supportive and palliative care. The fact that both these
medications are reasonably inexpensive and have few
adverse effects associated with their use should make
further study an imperative [20]. Subsequent studies should
include octreotide, but because octreotide is so much more
expensive, adequate prospective pharmaco-economic as-
sessment is necessary.

In conclusion, this work uses data collected from well-
conducted studies to confirm the superior effects of
ranitidine over PPI and placebo to reduce gastric secretions.
This forms a solid basis to build from to collect further
evidence that confirms or refutes the benefits of medications
in the palliative care setting. Continually reviewing the
scientific basis that underpins recommendations for therapy
in supportive care guidelines can improve the quality of care
delivered to people with malignant bowel obstruction.
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