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CHRONOLOGY OF CHOLELITHIASIS
Dating Gallstones from Atmospheric Radiocarbon Produced by Nuclear Bomb Explosions

Henry Y.I. Mok, M.D., ELLEN R.M. DrurreL, Pu.D., aNpD WiLLiaM M. Ramrong, M.D.

Abstract We investigated the natural history of choleli-
thiasis in 59 samples of stones from the gallbladder or
common bile duct in 15 patients, using as a tracer for the
timing of stone formation the '“C released into the environ-
ment during nuclear weapons testing. The ages of the
stones were correlated with the dates of onset of symp-
toms and with other clinical data.

None of 11 symptomatic patients had symptoms or
complications until at least two years (mean *=SD,
8.0+5.1 years) after stone formation began. There was
a lag time of 11.7+4.6 years between initial stone
formation and cholecystectomy. The growth rates of

MALL' proposed that the formation and progres-
sion of cholesterol gallstone disease could be di-
vided into five stages — metabolic, chemical, physical,
growth, and symptomatic. To interrupt or reverse the
natural progression of gallstone disease, the temporal
relations between the stages of calculus formation
should be defined, so that appropriate clinical strate-
gies can be planned. We have developed a method to
investigate the growth pattern of gallstones and to
determine the “latency period” between stone forma-
tion and the onset of clinical symptoms. This method
uses excess '*C in the atmosphere, a result of atomic
weapons testing, as a marker of the age of biologic
material. Both symptomatic and asymptomatic pa-
tients were studied. Some patients had solitary stones,
whereas others had multiple stones. In addition, two
of the patients had stones in the common bile duct,
which were compared with the cholecystic stones.

MEeTHODS
Patients

Thirteen men and two women were studied. The diagnosis of
cholelithiasis was confirmed at operation in 13 subjects and at au-
topsy in 2. None of the patients had been exposed to therapeutic or
diagnostic radiochemicals. Patients were selected because they had
no previous radioisotope exposure, they were willing to donate their
gallstones for analysis, and information on previous cholecystog-
raphy was available. The available stones were inspected carefully;
those that contained substantial amounts of organic material were
considered suitable for '*C determination by the methods described
below. Some of the patients were under the care of one of us
(H.Y.I.M.), who interviewed and examined all the patients. On the
basis of clinical findings, the patients were divided into two groups:
those who were symptomatic (11 patients) and those who were
asymptomatic (4 patients). The symptomatic subjects had unmis-
takable symptoms of  gallbladder disease (including biliary colic) or
complications due to gallstones, or both. The date of onset of symp-
toms was defined as the time when the symptoms were bothersome
enough to cause the subject to seek medical attention. The asymp-
tomatic subjects had no symptoms attributable to stones; their
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stones from 11 symptomatic patients and 4 asymptomatic
patients were similar (2.6+1.4 and 2.6+1.1 mm per
year). Studies of two stones retrieved from the common
bile duct showed that one had the same age as a
cholecystic stone; the other, removed two years after
cholecystectomy, apparently grew in the common bile
duct.

The long latency period between the formation of gall-
stones and the onset of symptoms indicates that interrup-
tion of the natural progression of gallstone disease is po-
tentially possible with medical therapy. (N Engl J Med
1986; 314:1075-7.)

stones were discovered incidentally during evaluation for other con-
ditions, at operation, or at autopsy. All subjects were followed for at
least six months postoperatively or until death, and their clinical
courses were consistent with the classification of the disease.

Theory

Because of specific variations in "*C over the past 30 years, it is
possible to date a recent carbonaceous sample to within 1%2 to 2
years.?2 The testing of thermonuclear devices in the stratosphere
during the late 1950s and early 1960s resulted in the production of a
large amount of "*C. This *C was rapidly oxidized to "*CO, and
was distributed in the troposphere, causing '*C levels nearly to
double over natural levels by 1963. Since the atmosphere provides
COs, for plants, which in turn provide food for animals, the ratios of
14C to !2C in the biospheres are virtually identical to those in the
atmosphere. During the initial input of excess '*COj into the at-
mosphere in the 1960s, there was a delay of approximately two
years between the deposition of *C in tree rings and the deposition
in human organs (Fig. 1).>8

Experimental Method

Large stones (>20 mm in diameter) were analyzed in concentric
layers. Smaller stones, particularly those from a gallbladder that
also contained one or more large stones, were also examined for
comparison. Because of the limited material available from each
small stone, multiple layers or whole stones were combined and
analyzed as one sample. It was assumed that the growth character-
istics within a family of small stones were similar, since each family
had a uniform appearance, similar percentage compositions of cho-
lesterol, and similar dissolution rates when placed in a bile acid
solution.®

Carbon dioxide generated from each sample by combustion with
oxygen was purified in a calcium oxide oven and by passage through
activated charcoal, and was analyzed for '*C with a gas proportion-
al beta-counting system.'® Each sample was counted for 2 minimum
of three days, and all measurements were corrected for isotope
fractionation.!! Dates were assigned to layers by matching the 14C
value of each sample to the corresponding date, with use of a com-
posite curve for human blood, organs, and hair (Fig. 1). Two sets of
dates were possible — one set from each side of the *C curve.
Assignment of dates of the layers was based on the assumption that
the nucleus of the stone had been present for the longest time.
Therefore, the oldest date was assigned to the innermost layer; the
outer layers were assigned more recent dates than the nucleus. Pre-
vious cholecystographic data provided additional aid in the assign-
ment of dates. For example, Patient 5 had an oral cholecystogram
in 1968 that demonstrated a single large stone. Excess *C values
(A C, Fig. 1) for the nucleus, the middle layer, and the outermost
layer of his stone were 195, 350, and 680 parts per thousand, respec-
tively. The dates assigned to these layers were 1960, 1963.8, and
1965.9 (as read from Figure 1), since cholecystographic data showed
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Figure 1. Levels of C in Two Carbon Reservoirs: Tree Rings (at
Latitude 40° N) and Composite Human Blood, Organs, and Hair
(at 40 to 70° N).

The curves are indistinguishable after 1970. The curve for human
blood, organs, and hair was used to assign dates to gallstone
layers in this study. By convention, the '*C concentration is ex-
pressed as A *C, which is the parts per thousand deviation from
the 'C level in wood in the 19th century, before the Industrial
Revolution; that level is defined as 0 parts per thousand.

that the stone had existed before 1968. Using each date as the time
of formation of the midpoint of each layer, we calculated rates of
growth between the innermost and outermost layers as A radius/
A time (millimeters per year).

Results are expressed as means *1 SD. Statistical analysis was by
unpaired t-test. A difference was considered significant when P was
less than 0.05.

REsuULTS
Chronology of Gallstones

Radiocarbon levels and their ages were determined
in 59 samples of material from gallbladder and ductal
stones. The results are summarized in Tables 1 and 2.
Most stones grew over a number of years. The rate of
growth of a stone may be determined by relating the

Table 1. Chronology of Gallstones from Symptomatic Patients.

PATIENT STONES DATE oF FORMATION OF
No. ANALYZED* MID-PORTION OF LAYERS OF STONEST
1 Gallstone 1964.8; 1969.6
2 Gallstone 1963.7; 1964.0; 1964.4; 1964.8; 1967.3
3 Gallstone, 1 multiple 1964.6

Gallstone, 2 multiple
4 Gallstone, 1 multiple

1965.0; 1964.8; 1964.6; 1968.7
1964.7; 1969.8; 1974.6

Gallstone, 2 multiple 1965.3; 1972.6
Gallstone, 3 multiple 1964.2
Common-bile-duct stone  1964.0

5 Gallstone 1960.0; 1963.8; 1965.9

6 Gallstone 1973.9; 1973.7
Common-bile-duct stone  1974.6; 1975.6

7 Gallstone, 1 multiple 1964.5; 1964.8; 1966.0

8 Gallstone 1967.1; 1969.9; 1969.4; 1971.1

9 Gallstone, 1 multiple 1968.8; 1972.5; 1973.7

10 Gallstone
11 Gallstone, 1 multiple

1964.4; 1970.2; 1974.8
1975.7; 1981.3

*Multiple small stones or corresponding layers of stones were combined and analyzed as one
sample.

1The number of dates after each stone corresponds to the number of layers studied. The first
date is that of the innermost layer.

April 24, 1986

period of growth to stone size. Mean periods of
growth (7.8%4.9 years for symptomatic stones vs.
9.7+0.7 for asymptomatic stones) as well as growth
rates (2.6 1.4 mm per year for symptomatic stones vs.
2.6x1.1 for asymptomatic stones) were similar in the
two groups of patients.

Special Aspects of Chronology of Symptomatic Stones

The latency periods between stone formation and
the “symptomatic” or “clinical” phase and between
stone formation and the time of cholecystectomy were
determined in symptomatic patients. None of the pa-
tients had unmistakable symptoms until at least two
years after stone formation had begun; in many cases
the period was considerably longer (mean, 8.0%5.1
years; range, 2.0 to 17.9). There was an additional
delay of almost four years from the onset of symptoms
to the time of cholecystectomy; the mean latency peri-
od between stone formation and cholecystectomy was
11.7£4.6 years (range, 3.5 to 20.4).

Table 2. Chronology of Gallstones from Asymptomatic Patients.*

PATIENT STONES DATE oF FORMATION OF
No. ANALYZED MiD-PORTION OF LAYERS OF STONES
A Gallstone, 1 multiple 1962.3; 1968.2; 1970.4
Gallstone, 2 multiple 1970.1
B Gallstone, 1 multiple 1964.1
Gallstone, 2 multiple 1959.4; 1964.0
C Gallstone 1956.5; 1955.0; 1958.6; 1958.8;
1959.0; 1964.0
D Galistone 1964.4; 1965.0; 1965.3; 1968.4; 1971.6

*See footnotes to Table 1.

Chronologic Data on Large and Small Stones from the
Same Gallbladders

In four patients, '*C determinations on gallstones of
different sizes were obtained (Tables 1 and 2). In two
symptomatic subjects (Patients 3 and 4), the stones
appeared to have developed more or less simulta-
neously (in about 1964.4 in Patient 3 and 1965 in
Patient 4), after which some stones continued to grow
and attained a larger size than others. In two asymp-
tomatic subjects (Patients A and B), the small stones
were formed at a later time than the larger stones
(eight years later in Patient A and five years later in
Patient B). The development of these small stones
corresponded to the time when the larger stones
stopped growing (~1970 in Patient A and 1964 in
Patient B).

Common-Bile-Duct Stones

Both common-bile-duct and gallbladder stones from
two symptomatic subjects (Patients 4 and 6) were
analyzed. In Patient 4, the stones were recovered dur-
ing the same operation. The ductal stone and the
gallbladder stones had formed at the same time
(about 1964), suggesting that the ductal stone had
originated in the gallbladder and had passed into
the common duct. Patient 6 had a cholecystectomy in
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August 1975; two small gallstones were found and
analyzed. Two years later, a second operation was re-
quired because of cholangitis, and a common-bile-
duct stone was recovered. The inner layer of this stone
was formed in 1974.6, before the patient’s first oper-
ation (August 1975). Its outer layer was dated at
1975.6. This suggests that the patient had a residual
common-bile-duct stone that had grown since the first
operation.

DiscussioN

We have studied the chronology of gallstones, using
profiles of '*C incorporated into human organs from
the "*COy in the atmosphere resulting from nuclear
bomb tests as a growth indicator. Stones from four
asymptomatic subjects were present in the gallbladder
for at least 10 years but still remained “silent.” Stones
from symptomatic patients were present for at least
two years before the patient became aware of their
presence. These data are consistent with those from
previous epidemiologic studies of the natural history
of gallstones. Many stones are discovered incidentally
at postmortem examination, never having caused
symptoms during life.'? Gracie and Ransohoff'? re-
ported the outcome of 123 subjects with gallstones
(diagnosed by screening cholecystography) who were
followed prospectively for up to 24 years; only 18 per-
cent ever had severe biliary pain. Furthermore, our
results are consistent with the findings on the temporal
relation between the various stages of cholelithiasis
reported in Pima Indians, a population known to have
a high incidence of gallstones.!* Apparently, Pima In-
dians have a biliary lipid composition similar to that
of whites until puberty, when the cholesterol satura-
tion of their bile rises sharply. Several years later,
gallstones are detectable; several more years later,
some of the subjects become symptomatic.

It is not known whether any inherent characteristics
of stones predispose them to cause symptoms. Bou-
chier and co-workers'® studied the number and size of
gallstones and the gallbladder content of mucous sub-
stances and found no difference between symptomatic
and asymptomatic subjects. We studied the period of
growth and the rate of growth of gallstones and found
no significant difference between our symptomatic
and asymptomatic subjects. The variable growth rate
of stones appears to range from | to over 4 mm per
year (mean, 2.6 mm per year), which is not surprising
in view of the multiple factors controlling stone
size. Previous limited data obtained from measure-
ments in serial cholecystograms indicated a growth
rate of 0.6 mm per year for cholesterol gallstones.!® In
the National Cooperative Gallstone Study, 38 percent
of 305 placebo-treated patients had definitely in-
creased stone size on repeat cholecystography per-
formed after two years.!”

Limited data are available on the chronologic re-
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lations of multiple stones from four individual pa-
tients. In two symptomatic subjects, the stones were
formed more or less simultaneously. Some stones then
continued to grow and attained larger sizes. Presum-
ably, the surface characteristics of these stones fa-
vored further precipitation. In two asymptomatic sub-
jects, some stones appeared first and grew larger.
Multiple small stones then developed; at the same
time the larger stones stopped growing, presumably
because all further precipitation occurred on the small
stones. There are other reasons for a stone to stop
growing, however, such as formation of a calcium rim
that is resistant to the addition of further concretion or
desaturation of bile as a result of metabolic changes
(e.g., weight reduction). More patients will have to be
studied before we can determine whether our prelimi-
nary finding of an apparent difference in the develop-
mental pattern of multiple stones between sympto-
matic and asymptomatic subjects is of any clinical
importance.

We are indebted to Dr. M. Stenhouse for many useful discussions,
to Dr. T. Linick, C. Hutto, and S. Griffin for technical advice and
assistance, to Dr. H. Suess for encouragement and access to the
Radiocarbon Laboratory at Mount Soledad, University of Califor-
nia at San Diego, and to Dr. A. Hofmann for review and criticism of
the manuscript.
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