
Gut, 1969, 10, 754-759

Estimation of faecal fat excretion using cuprous
thiocyanate as a continuous marker

M. F. LEE, J. M. TEMPERLEY, AND M. DICK

From the Gastrointestinal Unit, University College Hospital, London

SUMMARY A method for the estimation of faecal fat excretion using cuprous thiocyanate as a
continuous marker is described. Results obtained from a single stool sample are in close agreement
with those from a three-day collection using this technique. The method is simpler and more accurate
than collections done without a marker.

The estimation of faecal fat excretion plays an
important part in the investigation of malabsorption.
The standard technique commonly used involves the
collection of all faeces passed during a period of three
to five days, followed by measurement of the amount
of fat in the sample. This method has several dis-
advantages. It is inaccurate, as it assumes that
faecal flow rate and daily turnover are constant:
therefore irregular bowel action and incomplete
evacuation produce false results. Loss of stool, due
either to incontinence or incomplete collection,
produces further inaccuracies. The method is time
consuming and unpleasant for both nursing and lab-
oratory staff, and it is usually necessary to admit the
patient to hospital. It has been estimated that up
to 30% of faecal fat excretion results obtained from
three to five-day collections are inaccurate for these
reasons (Penfold, 1967). There is, therefore, a need
for a simple, rapid, and accurate method for the
measurement of fat excretion.

PRINCIPLES

The use of a continuous marker obviates the necessity
for quantitative faecal collections. An accurately
weighed amount of an inert substance is given daily
by mouth in divided doses. After a steady state has
been reached in the bowel with respect to the marker,
a stool sample is collected and the amounts of fat and
of marker in the sample are measured. A ratio of
fat to marker is thus obtained and from this
figure the amount of fat equivalent to a day's
intake of the marker is derived. This represents the
corrected 24-hour fat excretion. Previous workers
have described the detailed theory of this method
(Stanley and Cheng, 1957) and the criteria for such a
marker (Whitby and Lang, 1960). These criteria are

that the marker should be uniformly dispersed in the
faeces, that it should be readily estimated quanti-
tativelyin the faeces, that it should befullyrecoverable
from the faeces, and that it should not be toxic.
We have used cuprous thiocyanate (CuSCN) as a
continuous marker. Its advantages over other
markers, the methods of its preparation and estima-
tion in faeces, and experiments demonstrating full
recovery of the copper from the faeces have been
described in a previous paper (Dick, 1969).

PRELIMINARY STUDIES

PERIOD REQUIRED TO ESTABLISH A STEADY STATE FOR
CuSCN Faecal fat excretion was measured in
37 patients in a geriatric unit. In order to measure
the bowel transit times in these patients, a single
carmine marker was given at the start of the course
of CuSCN. The time taken for transit by the carmine
was assumed to approximate to that for CuSCN.
That this is a valid assumption is shown by the results
obtained. The carmine transit time varied between
two and five days (mean three days). In 25 of these
patients two consecutive stool samples were col-
lected after the carmine had been passed and the
corrected 24-hour fat excretion was calculated for
each sample. The results are shown in Table I. The
paired results for each patient show only small vari-
ations, indicating that a steady state for the CuSCN
had been reached. All these patients were aged 65 or
over and would be expected to have longer transit
times than a younger population. On the basis of
these findings CuSCN is always administered for
a minimum period of five days before a stool
sample is collected for analysis.

UNIFORM DISPERSAL OF CuSCN IN FAECES Once
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TABLE I
COMPARISON OF CORRECTED FAECAL FAT EXCRETION ON

TWO CONSECUTIVE STOOL SAMPLES
Faecal Fat Excretion (gfat/24 hours)
after Carmine

2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

First Specimen Second Specimen

1-7
3.7
1-6
2-1
3-1
2-6
6-2
2-5
3.9
2-4
1-5
1-9
1-5
3.5
4-1
3-6
1-6
3.9
2-5
2-5
9.3
4.3
8-3
2-3
1-5

1-7
4-1
1-7
2-9
4-2
2-3
6-2
3-1
3-8
2-7
1-6
2-7
1-7
2-6
3-1
3.3
1-6
3.7
1-9
3.9
9.5
3.7
6-1
2-3
1-5

uniform distribution of the radioopaque CuSCN
in the faeces.

THE EFFECT OF DIET The average copper content
of the normal diet is of the order of 1 to 2 mg and
does not affect the accuracy of the method.
The effect of variations in the fat content of the

diet was studied in three normal patients. In each,
the faecal fat excretion was measured while on diets
containing 40 to 50 g fat, 70 to 80 g fat, and 100 to
110 g fat. The results are shown in Table III. The
variation in faecal fat excretion with alteration of
dietary fat intake is small, and the values remain
within the normal range even during periods of high
fat intake. It is concluded that control of- dietary
fat is not necessary, confirming the results of pre-
vious workers (Annegers, Boutwell, and Ivy, 1948)
and all further studies have been made on patients
taking their normal diets.

TABLE III
CORRECTED FAECAL FAT EXCRETION (g FAT/24 hours) ON

CONTROLLED DIETARY FAT INTAKE

Dietary Fat Intake

Patient 40 to 50 g 70 to 80 g

a steady state of CuSCN with respect to intestinal
contents has been reached the marker is uniformly
dispersed in the faeces. This has been demon-
strated in two ways. First, stool samples were
collected from patients who had been given CuSCN,
250 mg daily in three divided doses, for five days.
Differing weights of stool taken from the same
samples were processed and analysed separately.
The results are shown in Table II. Similar results for
corrected 24-hour fat excretion were obtained when
only 15 to 35 g of stool was analysed. Secondly,
radiographs of stools before analysis have shown

TABLE II
CORRECTED FAECAL FAT EXCRETION ESTIMATED ON
DIFFERING WEIGHTS OF SAMPLES TAKEN FROM THE SAME

STOOL

Faecal Specimen Weight of Sample
Estimated (g)

2

3

4

5

20
50

35
85
20
120
25
110
15

15

SO
190
20
70

6

Faecalfat Excretion
(g fat/24 hours)

2-0
2-1
2-9
2-5
2-0
2-0
5-8
6-2

34-2
36-1
31-0
33.9
38-4
40-1

2
3

1-1
1-3
2-9

15

3-2
3-6

1-7
4-2
2-6

TOXICITY STUDIES Experiments described in the
previous paper (Dick, 1969) have demonstrated that
there is full faecal recovery of copper when CuSCN
is given by mouth and that no copper is absorbed.
It has been found, however, that small amounts of
thiocyanate can be demonstrated in the plasma of
patients during CuSCN administration. Although
this does not affect the performance of CuSCN as a
marker (as this is dependent on the copper radical)
it is relevant to the question of toxicity. Much is
known of the toxic effects of thiocyanate and of the
plasma levels required to produce these effects, as
such compounds have been used in the past for the
treatment of hypertension. Toxic reactions are rare
with plasma thiocyanate levels of less than 10 mg%
(Goodman and Gilman, 1965). We have given
CuSCN, 250 mg daily in three divided doses for
seven days to 20 patients. Blood was taken for
plasma thiocyanate estimation onthe fifth andseventh
days of CuSCN administration and the day after
completion of the course. The results are shown in
Table IV. We have now given CuSCN in this dose
to over 100 patients and never found a plasma
thiocyanate level higher than 4.8 mg%, even after
seven weeks' continuous administration, nor have
we observed any side effects. Plasma thiocyanate

Patient

100 to 110 g
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TABLE IV
PLASMA THIOCYANATE LEVELS DURING AND AFTER
ADMINISTRATION OF 250 mg CUPROUS THIOCYANATE

DAILY FOR SEVEN DAYS
Patient Plasma Thiocyanate Level (mg/100 ml)

Day ofAdministration Day After
Completion

Fifth Seventh

About 10 g of homogenate is used for the estimation
of fat (van de Kamer, Huinink, and Weyers, 1949) and
approximately 30 g for the measurement ofcopper content
(Dick, 1969). Both these processes are done in duplicate.
The copper is expressed as milligrams of CuSCN. Each
of these values is measured twice and the average results
used to calculate the grams fat/250 mg CuSCN, that is,
the corrected 24-hour fat excretion.

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Mean

1-7
1-6
1-6
1-2
2-0
1-2
09
1-7
07
1-2
1-5
1-4
1-1
1-9
1-4
1-1
2-0
1-6
2-3
3-2

2-6
2-3
2-6
2-6
3-3
2-3
2-3
2-6
1-3
2-3
2-7
1-9
2-2
3.5
2-1
2-2
3-5
2-7
2-5
4-8

15 2-6

2-4
1-8
2-9
2-5
3 0
1-5
1-8
1-8
07
2-5
1-5
0-6
1-5
2-9
1-1
1-5
3-1
2-7
2-0
4-6

2-1

levels tend to reach a plateau by the end of a week of
CuSCN administration and do not go higher if the
marker is continued for a longer period. The marker
should not be given to patients with renal impair-
ment, unless plasma thiocyanate levels are monitored,
and it is also advisable to check plasma levels during
prolonged administration.

ACCURACY OF ESTIMATIONS In these preliminary
studies, duplicate estimations of both fat and copper
were made on every sample. Where the faecal fat
estimation fell within the range 2 5 to 25 g fat, the
difference between the fat values was less than 6%
and between the copper values was less than 2% in
99% of the comparisons.

METHOD

As a result of these preliminary studies a standard method
for the estimation of faecal fat excretion has been devel-
oped. The patient is given CuSCN, 250 mg daily in
three divided doses after meals, while taking a normal
diet. On the sixth day a stool sample weighing at least
40 g is collected. If no specimen is obtained an oral laxa-
tive is given and the specimen collected the following
day; suppositories should not be given. Outpatients are
given a chart on which the ingestion of each CuSCN
capsule is recorded, so that it can be confirmed that each
capsule has been taken. This also serves as a reminder to
the patient. The time of collection of the faecal specimen
is also recorded. The specimen is homogenized with
approximately two to four times its weight of water.

RESULTS

Fourteen patients, six with steatorrhoea and eight
normal patients, were studied. CuSCN, 250 mg
daily in three divided doses, was given for periods
varying from nine to 49 days. Total daily collections
of faeces were made, and the fat and copper excre-
tions for each day were measured.

ILLUSTRATIVE CASE Figure 1 shows the results on a
patient with steatorrhoea after total pancreatectomy.
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FIG. 1. Patient H.S. Steatorrhoea after total pancrea-
tectomy.
Graph A shows total 24-hour faecal fat excretion (g fat)
over eight consecutive days; graph B total faecal copper
excretion, expressed as mg of CuSCN, over the same
period; and graph C corrected 24-hour fat excretion (g
fat/250 mg CuSCN) over the same period.
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Graph A shows the amount of fat excreted in con-
secutive 24-hour collectionis. This varied from 4-5 to
52 g. The daily copper excretion over the same period
is shown in graph B. The dotted line represents the
ideal daily output of 250 mg copper (when each
day's collection contains the residue of 24 hours'
intake). Although the total amount of copper ex-
creted over the eight-day period was 2,032 mg
C3uSCN, which is very close to the expected 2,000 mg,
the daily excretion of copper varies considerably.
By combining the two graphs, a corrected 24-hour
fat excretion is obtained for each day, as shown in
graph C. The corrected values vary between 18
and 28 g, this reduction in variation of the daily fat
excretion being obtained simply by correction for the
variability of evacuation of bowel contents.

COMPLETENESS OF THREE-DAY COLLECTIONS In order
to study the completeness of three-day collections in
the 14 patients, the copper outputs for all three-day
periods (ie days 1, 2, and 3; days 2, 3, and 4, etc, for
each patient) were calculated. In this way, results
for 111 three-day periods were obtained. The results
are shown in Figure 2. The copper excretion varied
from 20 to 1,100 mg of CuSCN. The broken
line shows the ideal value of 750 mg, when a three-
day collection contains the exact residue of three
days' intake. All values to the left of the line represent
incomplete collections and those to the right
unrepresentatively large collections. The peak at
550 mg instead of the expected 750 mg shows that
despite attempts to get total collections (the ward
staff were instructed to collect as they normally do
for a three-day collection) there has been loss of part
of the sample in some cases. The copper excretion
is used to adjust the fat excretion for this loss, there-
by obtaining a corrected fat excretion.
When the corrected three-day fat excretions

(expressed as g fat/24 hours) are compared with the
fat excretion during the same periods but uncorrected
for copper, there is a wide scatter of points around
the line of perfect agreement. This is shown in Fig. 3
for the range 10 to 100 g fat/24 hours, and in Fig. 4
for the range 0 to 10 g fat/24 hours. The results in
these figures are for consecutive three-day periods
(ie days 1, 2, and 3; days 4, 5, and 6, etc, for each
patient). Most of the points lie above the line, show-
ing that the corrected values tend to be higher than
the corresponding uncorrected values, illustrating
that in many cases there is either loss of stool sample,
or incomplete evacuation, or both. Furthermore,
taking 5 g fat/24 hours as the upper limit ofnormal,
there are three points where the three-day corrected
values are abnormal, but the uncorrected values fall
within the normal range. In these cases the recovery
of stool was so poor as judged by the recovery of
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FIG. 2. Faecal copper excretion, expressed as milligrams of
CuSCN, in 111 three-day periods.
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FIG. 3. Comparison between three-day fat excretion
expressed as g fat/24 hours corrected and uncorrected for
copper. Range 10 to 100 gfat/24 hours.
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FIG. 4. Comparison between three-day fat excretion
expressed as g fat/24 hours corrected and uncorrectedfor
copper. Range 0 to 10 gfat/24 hours.
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FIG. 5. Comparison between three-day and 24-hour
corrected fat excretions, in g fat/24 hours. Range 10 to
100 g fat/24 hours.

copper that without the marker these patients with
slight malabsorption would have been missed. These
results show how unreliable uncorrected three-day
collections can be. The errors are greatest when
evacuations are irregular (eg in constipated patients)
and when collections are incomplete.

EVALUATION OF 24-HoUR COLLECTIONS To determine
whether it is necessary to collect faeces for three
days when a continuous marker is being given, the
corrected three-day fat excretion (in g fat/24 hours)
shown in Figs. 3 and 4 have been plotted against the
fat excretions, corrected for copper, obtained from
the first 24 hours of each of these three-day periods.
In most cases, the 24-hour sample was a single
sample. The results for ranges of fat excretion from
10 to 100 g fat/24 hours and 0 to 10 g fat/24 hours
are shown in Figures 5 and 6. Here the scatter about
the line of perfect agreement is less than before.
There have been no cases here when the fat excre-
tion calculated from a 24-hour collection has missed
a malabsorber. These figures suggest that the inclu-
sion of cuprous thiocyanate as a continuous marker
allows faecal fat estimations to be done on one day's
stool collection rather than collecting for three days.

DISCUSSION

The measurement of faecal fat is currently the most
reliable method of estimating fat absorption, the
latter being widely used as an index of small bowel
and pancreatic function. We have described a
method of estimating faecal fat excretion which has
several advantages over standard techniques.
The results show that the measurement of fat in
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FIG. 6. Comparison between three-day and 24-hour
corrected fat excretions, in g fat/24 hours. Range 0 to
10 gfatl24 hours.

three-day collections of faeces is inaccurate in a con-
siderable proportion of cases, because of loss of
sample, and of irregularity of bowel evacuation.
When a continuous marker is used, collection of
faeces passed over a period of days is no longer
necessary, and estimations can be performed on
single stool samples, weighing more than 40 g. We
have obtained satisfactory results in a group of
geriatric patients, many of whom were incontinent
or constipated for periods of up to three days, in
whom it would have been impossible to obtain com-
lete three-day faecal collections.
The method can be applied to outpatients, and at

present is being investigated as a screening test for
steatorrhoea in the Outpatient Clinic. Care must be
taken to ensure that all marker capsules are ingested
by the patient at the appropriate times.
We have given the marker for five days before

collection of the stool sample for analysis, and
have shown that after a five-day run-up period there
is uniform distribution of the marker in the intestinal
contents. It is likely that this period can be reduced
in many patients, as we found the mean transit time
in the geriatric age group to be three days, and other
workers have obtained similar results using a variety
of methods (Farrar and Bernstein, 1958; Hansky
and Connell, 1962; Hinton, Lennard-Jones, and
Young, 1969).
The estimation of the amount of fat in the sample

is made easier because much smaller amounts of
faeces need to be homogenized. The amount of
copper in the sample has to be measured in addition,
but this is a short process, far simpler than the
estimation of any previously described marker.
Cuprous thiocyanate has been shown not to be
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toxic when given in a dose of 250 mg daily, and no
side-effects have been observed.

In patients found to have steatorrhoea, continued
administration of the marker enables one to assess
the response to treatment at any time by taking a
further sample for estimation. This is particularly
useful in deciding on the best measures for control of
steatorrhoeain theindividua.l case. The inconvenience
and inaccuracies of repeated three-day collections
are avoided.

We are grateful to Professor C. G. Clark, Professor C. E.
Dent, Dr A. N. Exton-Smith, and Dr J. E. Lennard-Jones
for allowing us to study patients under their care, and for
their advice and assistance.
We also wish to thank Dr M. Vessey and Mr R. Peto,

of the MRC Statistical Research Unit, University College
Hospital Medical School, and Miss T. G. Rose,
Dietitian, St Pancras IHospital, for their assistance.

M.F.L. gratefully acknowledges a grant from the
Medical Research Council for part of this work.

REFERENCES

Annegers, J. H., Boutwell, J. H., and Ivy, A. C. (1948). The effect of
dietary fat on fecal fat excretion and subjective symptoms in
man. Gastroenterology, 10, 486-495.

Dick, M. (1969). The use of cuprous thiocyanate as a short term
continuous marker for faeces. Gut 10, 408-412.

Farrar, J. T., and Bernstein, J. S. (1958). Recording of intraluminal
gastrointestinal pressures by a radiotelemetering capsule.
Gastroenterology, 35, 603-612.

Goodman. L. S., and Gilman, A. (1965). The Pharmacological basis
of therapeutics, p. 726. The Macmillan Co., New York.

Hansky, J., and Connell, A. M. (1962). Measurement of gastrointes-
tinal transit using radioactive chromium. Gut, 3, 187-188.

Hinton, J. M., Lennard-Jones, J. E., and Young, A. C. (1969). A new
method for studying intestinal transit. Ibid 10, 408-412

Penfold, W. A. F. (1967). Serum lipid levels following a fatty meal as
a test for steatorrhoea. Proc. Ass. clin. Biochem., 7, 205-209.

Stanley, M. M., and Cheng, S. H. (1957). Excretion from the gut and
gastrointestinal exchange studied by means of the inert in-
dicator method. Amer. J. dig. Dis., 2, 628-642.

van de Kamer, J. H., Huinink, H. ten B., and Weyers, H. A. (1949).
Rapid method for the determination of fat in faeces. J. biol.
Chem. 177, 347-355.

Whitby, L. G., and Lang, D. (1960). Experience with the chromic
oxide method of fecal marking in metabolic balance investi-
gations on huimans. J. clin. Invest., 39, 854-863.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.9.754 on 1 S

eptem
ber 1969. D

ow
nloaded from

 

http://gut.bmj.com/

