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Non-invasive assessment of intraluminal lipolysis
using a 13CO2 breath test

M S Murphy, E J Eastham, R Nelson, A Aynsley-Green

Abstract
Techniques available for the study of lipase
activity in the gut are unsatisfactory. Breath
tests measuring labelled carbon dioxide
('3CO2) may provide a useful means for this
assessment. Six subjects with cystic fibrosis
and pancreatic insufficiency and 10 controls
received a test meal containing [13C] triocta-
noin, and breath 13CO2 was measured using a
dual inlet, dual detector isotope ratio mass
spectrometer. Comparison of postprandial
breath "CO2 enrichment allowed complete
separation between children with pancreatic
insufficiency and controls. Administration of
one capsule of pancreatic enzyme with the
test meal resulted in an increase in 1'CO2 pro-
duction in all six patients, and four capsules
produced a further increase in five of the six.
Serial fat balance studies on four of the
patients while receiving comparable doses of
oral enzyme failed to demonstrate a progres-
sive improvement in fat absorption. The
['3CJtrioctanoin breath test may prove a safe,
non-invasive technique not only for the detec-
tion of pancreatic insufficiency, but also for
the quantitative study of intraluminal
lpolysis.
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Fat malabsorption is a major contributing factor
to the growth failure and nutritional deficiencies
that occur in many patients with cystic fibrosis. 1
The diagnosis of pancreatic insufficiency may
be made in these individuals by direct measure-

ment of faecal fat excretion. This technique is
time consuming, unpleasant to perform, and
prone to inaccuracy.2 The 'fat tolerance test' has
failed to gain widespread acceptance and its
reliability has been questioned.3 Pancreatic
exocrine function may be studied more directly
by duodenal intubation methods,4 but these are

time consuming and invasive. Watkins et al
have reported that it is possible to screen for fat
malabsorption by administering a triglyceride
labelled with the non-radioactive isotope of
carbon, "3C, and by then measuring the increase
in enrichment in breath `3C02.5 6 This
approach is especially attractive as a test for use
in children as it is both safe and non-invasive.
Our aim was to re-examine the use of a 13CO2

breath test as a technique for the detection of
pancreatic insufficiency in children with cystic
fibrosis, as previously reported by Watkins et
al.' In addition we performed a preliminary
investigation of the test as a technique for the
quantitative study of intestinal lipolytic activity.

Patients and methods
'3CO2 breath tests were performed on six chil-
dren with cystic fibrosis (age range 4-8 years)
and on 10 healthy controls of similar age distri-
bution (5-10 years). The children with cystic
fibrosis had clinical features that were compat-
ible with the diagnosis and all had abnormally
raised sweat electrolyte concentrations. The
presence of fat malabsorption was confirmed in
four of those with cystic fibrosis by performing
72 hour fat balance studies, and in the remain-
ing two the presence of excess faecal fat was
documented by microscopy of Sudan stained
faecal samples.

In order to examine the ability of the breath
test to detect changes in the level of lipase acti-
vity in the gut, the children with cystic fibrosis
were each studied on three occasions. One test
was performed without pancreatic enzyme sup-
plementation, one with a single capsule, and
one with four capsules of a pH sensitive enteric
coated enzyme microsphere preparation (Creon,
Duphar) added to the test meal. Four of the
children with cystic fibrosis also underwent a
series of three fat balance studies while receiv-
ing pancreatic enzyme supplementation in doses
approximately equivalent, in relation to fat
intake, to those administered during their three
breath tests. This was done by recording the
subject's normal daily pattern and quantity of
fat intake, and by then prescribing enzyme
supplementation for the duration of the fat
balance study that provided a dose of enzyme
comparable in relation to fat intake with that
administered with the test meals. In practice,
the children received none, three to four, and 14
to 16 capsules of enzyme daily during these
studies. All fat balance studies were performed
under parental supervision, careful instruction
being provided. Afterwards a questionnaire was
completed to confirm that the test had been
satisfactorily carried out. A dietary record was
maintained during the study. Carmine red was
employed as a marker to ensure complete stool
collection. Faecal collections were stored at
-20°C, and were later analysed using the
method of van de Kamer et al.7

[13C]TRIOCTANOIN STUDY PROTOCOL
After an overnight fast three baseline breath
samples were collected. The children then
drank a liquid test meal containing the isotopi-
cally labelled triglyceride ['3C]trioctanoin (P
and S Biochemicals) dissolved in a fat emulsion,
Calogen (Scientific Hospital Supplies). This
meal contained 7-5 mg/kg of ['3C]trioctanoin in
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1-4 ml/kg of Calogen. This provided 0-7 g/kg
fat, which is comparable with the fat content of
a normal meal. After ingestion of the test meal
the children continued to fast, and further
breath samples were collected at 30 minute
intervals for a total of four hours.

In order to permit the collection of breath
samples the children exhaled through a 10 cm
length of universal tubing (Argyl bubble tub-
ing, Sherwood Medical Industries). End expira-
tory air was collected by aspirating the sample
into a 20 ml syringe via a butterfly needle
inserted into the lumen of the tubing close to its
proximal end. This technique ensured that the
samples contained an adequate quantity of car-
bon dioxide for analysis. Breath samples were
stored in 20 ml Vacutainers (Becton Dickenson
Vacutainer Systems) for subsequent analysis.

Before analysis the carbon dioxide content of
the breath specimens was isolated and purified
using a modification of a previously described
technique in which the component gases are
separated by cold trapping and all but carbon
dioxide are then removed by vacuum pump.8
The purified carbon dioxide was immediately
analysed using a dual inlet, dual detector
isotope ratio mass spectrometer (Isospec 44,
Spectramass).

Breath '3CO2 enrichment is calculated from
the increase in the ratio of '3 O2 to 120C2 as
measured by the isotope ratio mass spectro-
meter.9 This sample ratio is compared with that
obtained from a standard carbon dioxide. The
results are then expressed as the 'del per mil'
(b%o) difference between the '3CO2/'2CO2 ratios
of the sample (Ru) and the standard (RJ).

b'3C%O=(RU-RsIR5)x 103

The samples in our studies were analysed
using distiller's carbon dioxide as a reference
standard. The responses to the test meal were
recorded as the rise in 13CO2 enrichment above
the fasting level. The overall analytic precision
of the mass spectrometric analyses was (SD)
0-5%o. Results from two fasting control sub-
jects, and also from two children with cystic
fibrosis who had been given the test meal with-
out [13C]trioctanoin but with four capsules of
pancreatic enzyme added, each had a variation
(SD) of less than 0-7%o, with no tendency
towards a progressive alteration in baseline
13CO2 enrichment being observed over a four
hour postprandial study period. As the area
under the 13C02 curve is directly proportional
to the sum of the interval sample enrichment
levels this sum (1) was used as an index of
13C02 production after administration of the
test meal.

Statistical analyses were performed using the
non-parametric Mann-Whitney test. Ethical
committee approval was received for these
studies, and informed parental consent was
obtained before the child's participation.
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Figure I Changes in breath 3C02 in the six subjects
with cystic fibrosis and 10 controls after a test meal of
[13Ctrioctanoin.

enrichment occurred between 120 and 180
minutes, but in the remaining three the level of
3C02 was continuing to rise at 240 minutes.
None of these subjects had returned to baseline
by four hours.
Among the six with cystic fibrosis some

increase in breath '3CO2 also occurred, but the
responses were much less than those seen in the
control group (fig 1). By 90 minutes there was
minimal overlap between patients and controls,
and it was noteworthy that the lowest responder
among the control subjects showed a
pronounced rise in '3C02 enrichment at the 240
minute time point. When the results of the tests
were expressed either in terms of peak 13CO2
enrichment attained, or in terms of the increase
in "CO2 production (1) (fig 2), complete separ-
ation was achieved between patients and con-
trols. The mean value for I was 36 8%o in the
patients with cystic fibrosis and 176-9%o in the
control group (p<0.02).

Figure 3 shows an example of the breath
"CO2 responses recorded from one of the sub-
jects with cystic fibrosis during serial breath
tests performed without enzyme supplementa-
tion, and then with one, and then four capsules
ofenzyme added to the test meal. In all six cases
a significant increase in breath "CO2 produc-
tion (X) occurred when the test meal was admi-
nistered with one capsule (p<0O05), and in five
of the six a further increase was observed with
four capsules (fig 4). In one case (No 6, fig 4)
the increase after four capsules was considerably
less than that seen with no enzyme addition, so
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Results
Among the control subjects an increase in
breath '3CO2 was detected in every case within
60 minutes (fig 1). In seven of the 10 a peak of

Subjects with Controls
cystic fibrosis

Figure 2 Breath '3C02 production over thefour hour study
period as estimated by l: (algebraic sum ofthe interval sample
3CO2 differencesfrom the baseline levels) in the six subjects
with cystic fibrosis and 10 controls after a test meal of
[3C]trioctanoin.
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1 55 89
3 83 70
4 56 60
6 85 94

* Discussion
In recent years evidence has grown suggesting
that careful attention to nutritional management
in cystic fibrosis may be of great importance in
influencing the course of the disease.'0 Oral
enzyme replacement frequently fails to abolish
steatorrhoea in cystic fibrosis, and although

* * * * normal growth may be achieved, appreciable
symptoms and nutritional losses often persist."
Attempts have been made to prevent gastric

0210 240 acid denaturation of ingested enzyme by
,0 administering antacids, or H2 receptor antago-
rvels recorded in one of nists, but the benefits have been
,tudies performed controversial.'2-'4 The use of enteric coated
ne andfour capsules of tablets has not found favour,'4 but newer prep-
itrioctanoin. arations employing pH sensitive enteric coated

microspheres of enzyme appear to be more
successful. Consequently a range of prepara-
tions are now becoming available, some of
which are claimed to have superior dissolution
characteristics. 5 The availability of a safe non-
invasive technique to assess lipase activity in the
intestinal lumen would, therefore, be a major
advance in the evaluation of enzyme treatment.

Several studies have reported the use of 'fat
tolerance tests' in which the rise in plasma lipids
after ingestion of a test meal is observed.'6 17
These tests appear to lack sensitivity, their

1
6

S [ value even for detection of fat malabsorption
5 6 being doubtful.3 Duodenal intubation studies

overfobrhosis as
have been performed to measure intestinal

teval sample 13co lipase activity after oral enzyme ingestion in
the six subjects with patients with pancreatic insufficiency." 18 This
nzyme supplementation, approach, in addition to being invasive, merely
yme added to the test provides information on the lipase concentra-

tion at a single point in the gut, and does not

reliably estimate the overall functional level of
fect with four cap- lipolytic activity. Measurement of faecal fat
nce. excretion has been considered the gold standard
studies performed for the detection of fat malabsorption, but its
ystic fibrosis while limitations are widely recognised, and conse-

dlementation, and quently some centres have dispensed com-

four capsules) and pletely with this technique.2 Although the fat
psules) of pancrea- balance study has, in principle, the merit of pro-
in the table. No viding a direct estimate of faecal fat losses in
ted between the subjects receiving pancreatic enzyme supple-
as judged by the ments, fat losses are influenced by factors other
and the degree of than enzyme bioavailability.
eath test in those Efforts have been made in recent years to
the addition of introduce breath tests for the study of intestinal
hough an increase absorption based on the use of '3C, a non-

otion was observed radioactive stable isotope of carbon.'9 Watkins
ts with low dose et al have reported that by utilising labelled
hree no further triglycerides with differing absorption pathways
with high dose it may be possible to distinguish pancreatic
in one subject the insufficiency from steatorrhoea of other
Imed progressively aetiology.6 The technique, therefore, appeared
plementation. to possess considerable sensitivity, and so we

considered that it might be possible to employ it
for quantitative studies of fat absorption.

d onfour subjects with Unlike duodenal intubation studies, a 13C02nzyme replacement, on breath test has the potential to provide a
e replacement. Results measure of the overall functional level of lipase,n (%)activity in the intestinal lumen.

The results of this study provide further
4 14-16 support for the ability of a '3CO2 breath test to

78 detect pancreatic insufficiency in children as
58 previously reported by Watkins et al.' 6 A
79 recent study has reported a 20% increase in rest-

ing energy expenditure, and presumably there-

bjI-
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fore in carbon dioxide production, in
individuals with cystic fibrosis.20 Such an
increase in carbon dioxide excretion could be
misleading, as its dilutional effect would result
in a reduction in breath 13CO2 concentration.
The subjects in that investigation ranged from 9
to 35 years, and it was noted that the resting
energy expenditure correlated negatively with
pulmonary function. The children in our study
were significantly younger (4 to 8 years) and did
not have severe pulmonary disease. Even allow-
ing for a 20% dilutional effect in our patients,
however, there was still complete separation
between patients and controls. Simultaneous
measurement of both total carbon dioxide
production and 13CO2 enrichment would be
valuable in order to determine the exact magni-
tude of any dilutional effect which may exist.
[13C]bicarbonate kinetics are also subject to
variation, and could be influenced by factors
such as nutritional state21; it will be important
to compare the 'bicarbonate recovery value' in
children with cystic fibrosis and controls.

In addition to supporting the value of this
technique for detecting pancreatic insuffi-
ciency, however, our study also suggests that
the [13C]trioctanoin breath test may prove a
useful method for the quantitative study of lipo-
lytic activity in the intestinal lumen. Only one
of six cases failed to show a progressive rise in
13CO2 production with increasing doses of
enzyme. In this single case an increase in 13C02
production occurred with the addition of one
capsule of enzyme to the test meal, but with
four capsules 13C02 production failed to rise
even to the level seen in the untreated state.
This may have been because the test meal on
that occasion was subject to delayed gastric
emptying. It is noteworthy that the time point
at which peak 13CO2 enrichment occurred in
these studies was quite variable. In several of
the control subjects 13C02 levels were still rising
and most still had breath '3CO2 levels that were
well above baseline at the end of the four hour
study period. It is likely, therefore, that by pro-
longing the study period greater overall sensiti-
vity would be achieved.
The ['3C]trioctanoin breath test provides a

measure of the absorption of a medium chain
triglyceride, and so the results do not directly
relate to the overall complex processes involved
in the absorption of dietary long chain triglyce-
rides. Although both medium and long chain
triglycerides require initial lipolysis, medium
chain triglycerides, being water soluble, do not
depend critically on the presence of bile salts for
their digestion and absorption.22 In cystic fibro-
sis bile salt deficiency is frequently present.23
The ['3C]trioctanoin breath test thus focuses on
the desired test parameter and a reduction in
trioctanoin absorption reflects the level of lipo-
lytic activity present in the patients digestive
tract. The choice of ['3C]trioctanoin has an
incidental advantage in that it is rapidly
absorped and almost completely metabolised to
carbon dioxide, thus shortening the overall
study period.5 24 This is an important practical
consideration.

Although direct comparisons between the
results of the '3C02 breath tests and fat balance

studies cannot be made, it is of interest that the
latter failed to detect a progressive improvement
in fat absorption with increasing enzyme
supplementation. The failure to improve fat
absorption is not particularly surprising-
complex interactions of various factors other
than enzyme dosage certainly influence the
degree of steatorrhoea present in individual
patients. A key element in the introduction of
'3Co2 breath tests has been the development of
the modern dual inlet, dual detector isotope
ratio mass spectrometer, which can detect
minute changes in '3CO2 enrichment against the
naturally occurring high background levels
(approximately 1%). With the present growth of
interest in the value of stable isotopes in bio-
medical research, an increasing number of
medical centres are now gaining access to this
technology.

Further studies with larger numbers of sub-
jects and varied doses of pancreatic enzyme may
allow optimal test conditions to be established,
and may assist in further defining the sensitivity
of this method for the quantitative study of
intestinal lipase activity. By providing a
measure of enzyme bioavailability it may poten-
tially complement the currently available tech-
niques for the assessment of enzyme replace-
ment treatment.
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