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PAPERS AND ORIGINALS

Prevalence of gall stones in Dundee: a necropsy study

MALCOLM C BATESON, IAN A D BOUCHIER

British Medical_Journal, 1975, 4, 427-430

Summary

Necropsy records from two large general hospitals in
Dundee showed short-term fluctuations in the prevalence
of gall stones that had not previously been described.
There was no evidence of a rise in the standardised
prevalence rate between 1902-9 and 1953-73. A spurious
increase was apparent from the crude prevalence rates
for these periods, which resulted simply from the in-
creased age of the patients in the later period. Since there
was no real increase in prevalence no conclusions can be
drawn about dietary or other changes.

Patients with stones in the common bile duct were

likely to die from an associated cause. This related
mainly to a high mortality rate in women. In patients with
established epilepsy the prevalence of gall stones was

greater than expected, which suggests that phenobarbi-
tone does not diminish the likelihood of gall stones.

Introduction

Attempts to estimate the prevalence of gall stones in the com-

munity have included bringing to necropsy all persons dying in
an area within a specific time.' Most such data, however, come

from necropsy surveys of hospital patients, which may give
spurious results if gall stones are associated with other diseases
that cause admission or if hospital patients differ from the rest of
the population in the proportion with gall stones.
Of the factors known to affect prevalence, age and sex are the

most important in Britain.3 Hospital patients tend to be older
than the rest of the community, though their age at necropsy is
comparable with the overall life expectancy. More necropsies
seem to be performed on men than on women. With results
standardised for age and sex, figures from Sweden indicate that

the prevalence of gall stones found at necropsy on hospital
patients is similar to that for the whole community.' 4
The cholecystectomy rate gives some indication of work load

but not of the prevalence of gall stones or even of symptomatic
gall-stone disease.5 6 The rapid increase in operations being
performed- suggests that enthusiasm for surgery might be a

major factor.
To assess the prevalence rate in Dundee the necropsy records

for 1953-73 from the two large general hospitals there were

studied in detail. As a result of the findings the earliest available
necropsy records (1902-9) and those of an intermediate period
(1936-8) were also studied.

Material and methods

The City of Dundee has a population of some 180 000, which has
remained virtually unchanged since 1891. Despite movement into the
city of Irish, English, and some Italians and Bangladeshis the indigent
stocky lowland Scot predominates. During the time considered there
were two large general hospitals in the city, in which the necropsy
services were centralised. The ratio of beds to the population served
(12 4/1000) was similar to that for the rest of Scotland. The figures
available probably give a fair representation of the inpatient population
derived from the general community in eastern Scotland.

Stillborn infants and those dying shortly after birth were excluded
from consideration, since gall stones are extremely rare in such cases,

though they do occur. 9 Records were included in the survey only when
the gall bladder was specifically mentioned.
The age and sex of each patient were noted and the biliary tree was

classified as either (1) absent gall bladder or (2) containing stones or

(3) normal. A patient with a thickened gall bladder or cholesterosis
was regarded as normal unless stones were also present. Cholesterosis
was noted separately, as were primary and secondary carcinomas of
the biliary tree. The records of one of the hospitals for 1953-73 were

examined for left ventricular aneurysm and ventricular mural throm-
bus, which were taken as absolute markers of ischaemic heart disease.
All the clinical summaries were studied to identify patients with
epilepsy, and when possible the hospital records were obtained to
determine their drug treatment.
The combined figures for the prevalence of gall stones and absence

of the gall bladder (referred to here as gall stones plus cholecystectomy)
for 1953-73 were analysed as follows. For each year and three-year
segment of the 21-year period the numbers of necropsies performed
on patients of each sex and in each decade of age were determined
together with the numbers at which gall-bladder disease was found.
These were then added to give totals for the whole period. For
example, out of all 1434 men aged 60-69 years who came to necropsy
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TABLE i-Prevalence of gall stones in Dundee mnen during 1902-9, 1936-8, and 1953-73. Results expressed as No with gall stones plus cholecvstectomy/total
No of necropsies

Age 1902-9 36-8 53-5 56-8 59-61 62-4 65-7 68-70 71-3 Total 1953-73
(years) ( C ,)("()(", o)(", ,)(. ",,)(.", ( ",,)

0- 0 3 0/14 0/34 0 57 0 40 01 36 0 39 0 23 014 0 243
10- 0,'13 0/ 6 0 6 0, 9 0' 4 1/ 11 0,! 9 0,' 5 0, 3 1 47(2 1))
20- 0 8 0/ 6 0/ 3 0 10 0/ 14 1/ 8 0/ 4 0/ 11 1/ 8 2 58(34))4/261(15)
30- 1/18 0/ 5 1/15 0),1 48 0,l 31 0/ 18 0/ 20 0/ 11 0/ 13 1 156 (0-6) J
40- 1/19 0/11 0/39 1/ 71 2/ 53 2/ 57 2/ 40 3i 44 5/ 38 15/ 342(44)
50- 0/26 3/ 8 7/79 7/1 36 8/149 7/131 5/107 8 /108 8 92 50,' 802(62)
60- 2/14 1/23 9i97 18/193 18 229 27/243 17/223 27,251 26/198 142,1434 (9 9)
70- 0/10 1/12 12 /99 25/176 25 183 18/221 27 190 301192 54/198 191, 1259 (15 2)
80- 0/ 0 1 1 5 31 1 069 20 94 101104 15, 95 22/ 97 20 79 102, 569 (17 9)
90- 0, 0 1/ 1 0/ 1 0 1 2 6 1/ 15 1 7 3, 8 4! 7 1 1 45 (24-4)

Total 4 111 (36) 7,i87 (8-0) 34'404(8 4) 61/770(7-9)| 75803(9 3) 67/844(7 9) 67,734(9-1) 93;750(12 4)1118 650 (18-2)| 515!4955 (10 4)

TABLE iI-Prevalence of gall stones in Dundee womnen duiring 1902-9, 1936-8, and 1953- 73. Reszults expressed as No zvith gall stones plus cholecystectomy/total
No of necropsies

Age 1902-9 36-8 53-5 56-8 59-61 62-4 65-7 68-70 71-3 Total 1953-73
(years) '(.) (.)i (''(.) ().3 (l).3 (. (')'.(") ! '

0- 0/ 3 0/ 8 0/ 29 0/ 34 0/ 34 0/ 24 0/ 25 0' 17 0 11 0/ 184
10- 0/11 0/ 3 0/ 5 1/ 9 O/ 5 0/ 7 0/ 2 01 5 0/ 3 1/ 36(28))
20- 0/18 01 4 01 10 0/ 8 0, 9 0/ 8 1/ 6 0, 7 1/ 4 2/ 52(38) )10/201(5-0)
30- 1/10 1/16 2/ 14 1 26 0/ 18 1/ 20 1/ 13 0/ 13 2/ 9 7/ 113(62)J
40- 3,,22 3/15 4/ 29 6 39 2, 39 2/ 35 4/ 37 7/ 40 5/ 30 30/249 12 0))
50- 5 /18 3/12 12,1 63 16/ 82 12 100 12/ 88 11/ 81 131 88 14,l 67 901569(158)
60- 2/ 8 2/20 32 102 35 /162 41 187 34+ 162 39 161 53 154 38/ 141 272/ 1069 (25 4)
70- 1/ 1 4 11 32/108 50 173 45, 193 56/215 61 a215 63 210 72/203 380,1317 (28-9)
80- 0 1 1/ 1 15 49 29 82 341 1 15 23'109 30 132 42,143 60,125 233! 755 (30 9)
90- 0 0 0 0 1 2 2, 5 3 10 1, 11 4 10 3/ 10 9 17 23 65 (35-4)

Total 12'92 (13-0) 14/90 (15 6) 98,411 (23 8) 140'620 (22 6) 137,l710 (19 3) 129,679 (19-0) 151/682 (22-1) 181,687 (26-3) 201 610 (33 0) 1038/4409 (23-5)

142 were found to have gall-bladder disease; 142/1434 = 9-9",. By
applying this proportion to the number of necropsies performed each
year and in each three-year segment on men in that decade of age the
expected prevalences of gall bladder disease were calculated. The
observed prevalences were then expressed as ratios of these (the age-
sex-specific morbidity ratio; ASSMR). For example, in 1956-8 193
men aged 60-69 years came to necropsy. Of these, 9 9"O (19.10) would
be expected to have gall bladder disease if the overall prevalence for
1953-73 obtained. Eighteen were observed, giving an ASSMR of
0-94. Summation of the expected numbers with gall-bladder disease
for each period and comparison with the summated observed numbers
allowed one- and three-year ASSMRs to be calculated for all ages.
This technique of standardisation permits comparison of statistics
derived from populations with different age and sex structures.

Results

Of the 10 775 necropsy records for 1953-73 examined 9364 (86-9")
contained details of the gall bladder; 4955 of the patients were male
and 4409 female, with a majority of males in each year. The figures
were grouped by decades of age for each sex and amalgamated into
three-year totals. The proportions under the age of 40 and over 90
with gall stones were erratic because of small numbers.

At every age the prevalence of gall stones plus cholecystectomy was
greater in womer. than in men, though the difference became less
pronounced with age (tables I and II). There was a constant trend for
an increase in prevalence with age. More cholecystectomies were
performed in the later years (24 in 1953-5, 44 in 1971-3) but this in
itself was not enough to explain the overall increase in gall-bladder
disease, which was prominent in the last six years, with the crude
prevalence rates rising from 91%, to 18 2",, for men and 22-10, to
33.0Q(, for women (tables I and II). Although these figures suggest a
dramatic increase in cholelithiasis in the last few years, particularly in
men, the ASSMRs give a different picture.

There was a fluctuation in prevalence that was not quite synchro-
nous for the two sexes (figs I and 2). This reached a peak in 1971-3.
When the ASSMR for each year from 1963 to 1973 is taken for men
(table III) the peak prevalence is found to be in 1971, with a subse-
quent fall. For women 1971 was also the peak year, but the figures are
more erratic.
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FIG 1-Prevalence of gall stones found at necropsy in Dundee men during
1953-73 expressed as age sex-specific morbidity ratio (ASSMR). Overall
prevalence 1 00.
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TABLE Ii-Yearly prevalence of gall-bladder disease in Dundee men and women
during 1963-73 expressed as age-sex-specific morbidity ratio. Prevalence for
1953-73 1I 00.

1963 64 65 66 67 68 69 70 71 72 73

Men 0 76 0 73 0-85 0 88 0-98 1-06 1-32 1-13 1-89 1-71 1-55
Women 0-66 0-98 0 74 0 94 0-94 1 08 126 1-13 1-59 142 1-50
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FIG 2-Prevalence of gall stones found at necropsy in Dundee women during
1953-73 expressed as ASSMR. Overall prevalence 1 00.
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Analysis of the three-year prevalence rates using the x2 technique
showed that the fluctuations during 1953-73 were significant for each
sex (P<0 005); the fluctuations were also significant in the 6th
(P <0-001), 7th (P<0 005), and 8th decades (P <0-0005) when figures
were combined for the sexes.
When the ASSMR was calculated from the 1953-73 age-and sex-

specific proportions for the 203 records for 1902-9 and the 177 records
for 1936-8 the observed rate was identical with what was expected
(fig 3).

190Q-9 '36-8 '53-5 S6-8 '59-61 '62-4 '65-7 '68-70'71-3

157

1-4-
1.3
1-21.LL 1.).[-01 1*00
10o9 - lF n l [ 408

FIG 3-Combined prevalence of gall stones found at necropsy in Dundee men
and women during 1902-9, 1936-8, and 1953-73 expressed as ASSMR.
Prevalence for 1953-73 - 1 00.

Death related to gall bladder and gall stones (1953-73)-Altogether
107 deaths (1 1"<0) were related to the gall bladder or to gall stones,
which represented 6 9",, of the total with gall-bladder disease. Of
these, 59 occurred after cholecystectomy and two after choledo-
cholithotomy; 46 other deaths were caused by gall stones-13
cholangitis, 10 pancreatitis, 9 perforated gall bladder, 4 cholecystitis,
4 gall-stone ileus, 2 obstructive jaundice, 2 biliary peritonitis, 1
cirrhosis, and I empyema of the gall bladder. Women with stones in
the common bile duct fared badly; out of 41 with such stones 23 died
from an associated cause (eight after biliary surgery) and three others
had obstructive jaundice. Out of 29 men with stones in the common
bile duct five died from related causes (one after biliary surgery) and
one other had obstructive jaundice.

Relation to other diseases (1953-73)-The relation to other diseases
was assessed by calculating the age- and sex-specific ratio of observed
versus expected prevalence of gall-bladder disease in diseases diagnosed
at necropsy. Cholesterosis and secondary carcinoma of the biliary
tree were not associated with gall stones. Primary carcinoma of the
biliary tree was associated with a doubled rate of gall stones (20 out of
46 cases; ASSMR 2 06).

Myocardial ischaemic damage-Unequivocal myocardial ischaemic
damage was diagnosed in the presence of left ventricular rupture (45
cases) and ventricular mural thrombus (123 cases). In these cases gall-
bladder disease occurred less frequently than expected (ASSMR 0-66).

Epilepsy and anticonvulsants-Seventy-nine patients had had
established epilepsy, and in nine of these the state of the gall bladder
was not recorded at necropsy. Of the remaining patients (aged 26-82
years) 10 had gall stones and one had undergone cholecystectomy.
The expected number was 7-00 (ASSMR 1 57). Of those with gall-
bladder disease fouir had been on long-term phenobarbitone (60-180
mg/day) and three on primidone (250 mg three or four times daily);
two had never had anticonvulsants, and for two no details were
available. Out of 59 patients with normal gall bladders 21 had received
long-term phenobarbitone or primidone, but for a further 22 there
was no information on treatment.

Discussion

In all but 6-9", of the cases in this series the finding of gall
stones at necropsy appeared to have been purely incidental.
Overall prevalence rates must not be applied direct to the
community at large, however, because of the different age
structure. In Dundee half of the cadavers were over 65 years of
age, whereas the population of Scotland in 1972 included only
12 6 "/ of people of this age.' 0
Much work has been carried out on the prevalence of gall

stones found at necropsy and comparisons have been made

between races, areas, and times. This has led to "league tables"
for different countries," with Sweden and the USA at the head.
There is evidence that differences between countries disappear
when figures are standardised.' 6 Similarly, statistics within
countries for different times have shown an increase in prevalence
recently. This has been done for Sweden.4 In a series of 1975
necropsies in Stockholm in 1934 gall stones were found in 13%
of the men and 27%, of the women'2; in Malmo in 1961-2 (911
necropsies) the rates were 25%h and 49% respectively. In
Japan" the prevalence of gall stones found at necropsy rose from
3-1 %` in 1913 to 8-3%h in 1966-7, which was due to an increase
in cholesterol stones from 1-70/ in 1913 to 6-7% in 1966-7.
When the rates in Leeds for 1910-26 and 1930-49 were com-
pared, however, no increase was found in either sex or in any age
group.'4
The Japanese and Swedish figures were interpreted as indi-

cating a true rise in prevalence due to a faulty diet, the two most
commonly cited components being dietary fibre deficiency and
high fate intake. Unfortunately there is little definite information
on changes in dietary fibre, and although fat intake has risen-
for example, in Britain from 37°h total calories in 1950 to 42% in
1971-this does not necessarily relate to the prevalence of gall
stones. In India' the much higher saturated fat intake in the
north has been blamed for the excessive prevalence of gall
stones. But restriction of animal fats not only failed to protect
North Americans from gall stones but one highly selected group
actually developed more.'6

It may be predicted from the local pattern for the last 11
years of the study period that the prevalence is going to fall in
the immediate future, at least for men, since the results for the
last three years (table III) indicate a zenith in 1971.
The lack of correlation with definite ischaemic heart disease

found in Dundee supports previous scepticism about such a
relationship. 17

There has been one report of a high incidence of gall stones
in epilepsy."1 This association could account for the greater
than expected number in the present series. Clearly (for these
patients at least) phenobarbitone does not protect against stones
by improving bile composition or dissolving stones as has been
suggested.'"

Watkinson'4 produced figures for 1956 that seemed to show
that the prevalence of gall stones was greater in Scotland than in
England. His more reliable figures for 13 000 necropsies in
Leeds during 1930-49, however, were similar to those for Dundee
during 1953-73.
Our figures do not show any progressive rise in the standardised

rate of gall-bladder disease through the twentieth century in
Dundee. It seems reasonable to assume that careful scrutiny of
results such as has been carried out in Leeds might show a
similar picture elsewhere. Our data provide no justification for
conclusions about the role of deteriorating diet in the causation
of gall stones.20

MCB is in receipt of a grant from Weddel Pharmaceuticals Ltd,
and IADB is in receipt of a grant from the Medical Research Council.
Professor J Swanson Beck kindly arranged access to the necropsy
records. Mr J C G Pearson gave advice on statistical methods.
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Isoimmune haemolysis in pathogenesis of anaemia
after cardiac surgery

B J BOUGHTON, P R GALBRAITH

British Medical_Journal, 1975, 4, 430-432

Summary

A patient who had received multiple transfusions
developed antiglobulin-positive haemolytic anaemia due
to a delayed haemolytic transfusion reaction. Many
cases of haemolytic anaemia after cardiac surgery could
be explained on this basis.

Introduction

Haemolytic anaemia after cardiac surgery occurs in up to 100,,
of cases.' It is caused by mechanical fragmentation of erythro-
cytes in association with the malfunction of prosthetic heart
valves or with persistent bare areas of synthetic graft material.
Occasionally valve dysfunction or bare-area lesions are not
present,2 and a positive direct reaction to antihuman globulin
(AHG) develops. The following case helps to explain the patho-
genesis of this syndrome.

Case report

A 43-year-old woman gave a history of acute rheumatic fever at
10 years of age. At 30 years she developed cardiac failure during her
sixth pregnancy, but the pregnancy proceeded normally without
evidence of haemolytic disease of the newborn. When she was 31
a mitral valvotomy was followed by a transient postcardiotomy syn-
drome with pericarditis, pleurisy, and fever. Seven years later she
received two units of blood for an iron deficiency anaemia of 7 2 g/dl
and heart failure due to progressive valve disease. The direct AHG
test and antibody screening gave negative results, and with ferrous
sulphate the haemoglobin rose to 13 7 g/dl. At the age of 42 she
was not anaemic when a follicular ovarian cyst was removed. A year
later, when heart failure followed the onset of atrial fibrillation, mitral
valve replacement and tricuspid annuloplasty were planned. Hepato-
megaly without splenomegaly was noted, and preoperative investiga-
tions gave the following results: haemoglobin 14 8 g/dl, reticulocytes
1 80 white blood count (WBC) 6 6 109/l (6600/mm;), platelets
239 109/l (239 000/mm'), normal smear appearances, serum iron
10 4 flmol/l (58,ug/100 ml), unsatured iron binding capacity 64 3 moll1
(359 slg/100 ml). Her blood group was A positive, and the direct
AHG test and antibody screening test were negative. Biochemical
screening showed nothing abnormal except a mildly increased serum
aspartate aminotransferase (SGOT) and lactate dehydrogenase
(LDH); she was euthyroid.

Division of Hematology, Department of Medicine, Queen's Univer-
sity, Kingston, Ontario, Canada

B J BOUGHTON, MRCP, MRCPATH
P R GALBRAITH, MD, FRCP(c), division chairman

In a routine operation, with one and a half hours' bypass time, the
mitral valve was replaced with Caged Cutter valve, and tricuspid
annuloplasty was performed. Postoperatively she received ampicillin
and cloxacillin each 0-5 g six hourly, and warfarin anticoagulation
was started on the second day. On the 7th day she developed broncho-
pneumonia. The sputum contained Pseudomonas aeruginosa and
Klebsiella and these responded promptly to gentamycin.
No valvular dysfunction was noted postoperatively, but heart

failure did occur when an anaemia started to develop. The haemato-
logical progress is summarized in fig 1. Seven days after operation
the haemoglobin was 7-2 g/dl, reticulocytes 7-9°,, erythrocyte sedi-
mentation rate (ESR) 126 mm/h, WBC 32 x 109/1 (32 300/mm;) (no
atypical lymphocytes), and platelets 1178 x 109/1 (1 178 000/mm;).
The blood (fig 2) showed microspherocytes, polychromasia, nucleated
red blood cells, but only rare fragmented red cells. Bilirubin was
115 i±mol/l (6-7 mg/100 ml) (direct 29 umol/l (1 7 mg/100 ml) )
and haptoglobins were 0 5 g/l (borderline normal). The plasma haemo-
globin, Schumm's test, and urinary-haemosiderin were normal.
The direct AHG and antibody screening tests gave positive results,
and splenomegaly developed. Steroids were started, but fig 1 shows

1.50 B1l-L IRUB] 14 ,.-r
iimot /I 10 .4
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FIG 1-Haematological progress.
Conversion: SI to traditional units-Bilirubin: 1 ,umol/l1 0-06 mg/100 ml.
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