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S an example of rare originality of A thought and beautifulIy executed 
research in the lield of clinical 

medicine, the radioIogic method of examin- 
ing the gall-bladder, developed by Graham 
and Cole,’ and by them pubhshed in 1924, 
richIy deserves the wide recognition which 
this contribution has received. Conceived 
and developed by surgeons, cholecystog- 
raphy was immediateIy embraced and 
employed by roentgenoIogists everywhere, 
and today the Graham-Cole test of gall- 
bIadder function has been monopohzed 
by Roentgen diagnosticians. In their hands 
it has been thoroughIy tested by wide 
appIication and carefu1 scrutiny in the 
light of operative and post-mortem find- 
ings, to be returned once more to surgery 
as an intensely practical cIinica1 aid. 

In the recent history of this clinic the 
frequency with which cholecystographic 
examination is requested has steadily 
increased from year to year. Compared 
with 2,781 such examinations in two years 
(April I, 1932 to April I, rg34), chole- 
cystography was employed 2,103 times 
in the singIe year ending June 30, 1936. 
It is inconceivable that an increasing 
demand of this magnitude would continue 
to exist unIess referring chnicians were 
convinced that resuIts of such efforts were 
valuable. It is interesting to note that, at 
least in our experience, the net yield 
from comparable numbers of examinations 
for the two-year period in the years 1932 
and 1934 and the one-year period in 
1935-36 is strikingIy simiIar. Table I 
shows the percentage distribution of resuIts 
with respect to degree of visibihty of 
the gall-bladder and the presence or 

absence of stones in these two groups of 
examinations. Except for a slight variation 
in the ratio between normal visualization 
and non-visualization, the resuIts are 
almost identical. This may be taken to 
indicate that the clinical staff of this 
institution at least makes broad practica1 
use of cholecystography as an adjunct to 
other methods of galI-bladder diagnosis, 
requesting such examination in many 
patients where clinical signs are not well 
defined. 

CHOLECYSTITIS 

The Graham test, as originalIy reported, 
was presented as a method for determining 
the ability of the gaIl-bladder to concen- 
trate bile. Fully aware of the fact that in 
the case of patients whose hepatic function 
was seriously impaired, non-visualization 
of the gall-bladder might be erroneousIy 
interpreted as simple dysfunction of the 
gall-bIadder itself, Graham and Cole ex- 
tended their investigation and combined 
in the original method of cholecystography 
their calorimetric test for hepatic function, 
empIoying the radio-opaque dye used to 
permit visualization of the gall-bladder. 
The authors were quick to point out other 
possibIe sources of error in interpretation. 
It is insisted by several writers that faulty 
gall-bladder visualization, even when the 
technique of the test has been carefully 
controIIed, is to be explained in some 
instances by reasons other than inffam- 
matory disease of the gall-bladder itself. 
However this may be, it must be admitted 
that in general surgeons and internists 
request cholecystographic examination of 
their patients primariIy for the purpose 
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of confirming or disproving suspected 
cholecystitis. 

ResuIts of the 1932-1934 group of 
examinations to which reference has al- 
ready been made have been anaIyzed in 
detaiI in a previous pubIication.2 In that 
inquiry it was observed that, although 
only thirty-five patients in whom, the gall- 
bIadder concentrated dye satisfactoriIy 
and in whom there was no evidence of 
stone, were Iater for one reason or another 
subjected to surgical proof or were seen 
at autopsy, frank pathoIogic evidence of 
inff ammatory disease of the gaII-bIadder 
was present in 16 per cent. In brief, on the 
basis of that experience in this clinic, it 
must be expected that a norma response 
to the Graham test cannot be accepted 
as unequivoca1 proof that major inffam- 
matory disease of the gaIl-bIadder does 
not exist. On the other hand, perfectIy 
normal behavior of the gaII-bIadder, insofar 
as that can be detected by x-ray methods, 
does offer us assurance eighty-four times 
out of one hundred that the patient under 
examination, whatever the cause for his 
symptoms, does not have cIinicaIIy signifi- 
cant ChoIecystitis. (Fig. I .) 

As the resuIt of the same survey it 
was Iearned that compIete non-visuaIiza- 
tion of the galI-bIadder after carefuIIy 
controIIed preparation was associated with 
demonstrabIe ChoIecystitis of major extent 
in 80 per cent of the patients Iater sub- 
jected to proof. (Fig. 2.) Here again an 
apparentIy inescapabIe factor of error 
was encountered which must be taken 
into consideration in the analysis of any 
one individua1 patient’s status. We found 
that twenty times in one hundred it was 
necessary to ascribe the gaII-bIadder’s 
faiIure to concentrate dye to some cause 
other than choIecystitis. 

AIthough it is seldom necessary for the 
roentgenoIogist, when interpreting chole- 
cystographic resuIts, to straddIe the impor- 
tant question as to whether or not the 
gaII-bladder has demonstrated its abiIity 
to concentrate biIe in a norma fashion, 
there are undoubtedIy instances when he 

must quaIify his report to the extent of 
saying that. the gaII-bIadder shadow is 
unusuaIIy faint. Since this observation 
necessariIy invoIves the exercise of indi- 
vidua1 judgment, it folIows that in this 
group accuracy of prediction in regard to 
the presence or absence of cholecystitis 
wiI1 vary considerabIy in different hands. 
It is apparent that in our clinic “faint 
visuaIization ” speIIs to a certain degree 
indecision, for in this group we know 
that we can only expect subsequent 
pathoiogic proof of significant gaIl-bIadder 
disease in 61 per cent of patients so 
classified. 

Many roentgenoIogists stiI1 reIy to a 
considerabIe extent upon the behavior of 
the galI-bIadder in response to fat feeding 
after concentration has occurred in order 
to arrive at an opinion regarding gall- 
bIadder status. In this cIinic we have 
graduaIly abandoned this feature of choIe- 
cystographic examination primarily in 
order to save time. To date we have 
not feIt that accuracy of prediction has 
suffered by the omission of this step. 

CHOLELITHIASIS 

CertainIy it is we11 recognized that 
the demonstration of the existence of gaII- 
stones is not per se an imperative reason 
for surgica1 treatment. RoentgenoIogic 
examination of the galI-bIadder is not 
conducted for the purpose of accumulating 
surgica1 j materia1, but this in no wise 
Iessens the value of accurate information 
so obtained regarding the presence, the 
character, and the behavior of biIiary 
caIcuIi. We are concerned here with the 
practicabiIity of such x-ray methods in 
reIiabIy assisting the surgeon to arrive 
at his decision regarding the advisabiIity 
of gaII-bIadder surgery, and in that con- 
nection ChoIecystography is a tremendousIy 
important procedure. 

The Graham test designed primarily to 
determine gaII-bIadder function is tre- 
mendousIy heIpfu1 in the diagnosis of 
ChoIeIithiasis. Before the days of choIe- 
cystography oniy those stones containing 
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FIG. I. Norma1 visuaIization without stone. FIG. 2. Non-visualization without stone. Note 
excess dye in right coIon. 

FIG. 3. Norma1 visualization with muItiple, 
large, faceted stones. 

FIG. 4. Faint visualization with numerous minute 
opaque stones. EnIarged liver. GaII-bladder 
displaced downward cIose to hepatic flexure 
of colon. 
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FIG. 5. FIG. 6. 

FIG. 7. FIG. 8. 

FIG. 5. Faint visuahzation. Five semiopaque stones in gall-bladder, six in common duct. 
FIG. 6. Same as Figure 5 thirty minutes after fat-feeding. Note rearrangement of stones in gall-bladder and 

downward dispIacement of Iowermost common duct stone. 
FIG. 7. Same as Figures 5 and 6, eight days later folIowing spontaneous passage of duct stones. Note 

chrstering of gaIl-bIadder stones. No dye administered on this occasion. 
FIG. 8. Norma1 visualization without stone. One Iarge and several smaI1 renaI caIcuIi. 
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a fair percentage of Iime saIt could be 
recognized roentgenoIogicaIIy for the very 
simpIe reason that choIestero1 stones, 
being virtuaIIy of the same density as 
surrounding soft tissues, cast no differentia1 
shadow upon the fiIm. The roentgenoIogist 
who couId demonstrate caIcuIi before 
operation in one-third of the cases where 
stones were Iater removed by the surgeon 
was considered an artist in his field. We 
have found that we can do as we11 without 
deveIoping gall-bIadder specialists within 
the department of roentgenoIogy, for today 
considerabIy improved photographic mate- 
riaIs and x-ray apparatus virtuaIIy assure 
us that a11 gaIIstones containing even 
a smaI1 amount of Iime saIt can be recog- 
nized easiIy. Even in cases subjected to 
ChoIecystography where the concentrating 
power of the gaII-bIadder is entireIy lost, 
we can stiI1 recognize ChoIeIithiasis in 32 
per cent of the patients in whose cases 
this diagnosis is Iater proved. (Fig. 7.) 

We know that if the gaII-bIadder’s 
concentrating power has not been entireIy 
destroyed, if the gaII-bladder can be even 
faintly visuaIized after dye administration, 
that our accuracy in the matter of recog- 
nizing biIiary caIcuIi jumps to the sur- 
prising figure of 94 per cent. This is 
possible because we are now abIe to see 
not onIy caIcuIi which contain Iime saIt, 
but in addition even stones composed 
of pure choIestero1 which are rendered 
visibIe by virtue of the artificia1 contrast 
media in the gaII-bIadder. (Fig. 3.) This 
should be, and as a matter of fact is, of the 
utmost practica1 importance in gaII-bIadder 
surgery. 

If it were possibIe in a11 cases to 
increase the density of biIe contained 
in the gaII-bIadder suffrcientIy to provide 
this necessary degree of contrast, the 
surgeon wouId never need be in doubt 
before operation as to the accuracy of his 
cIinica1 diagnosis of stone. UnfortunateIy 
perhaps, ChoIeIithiasis and major grades 
of ChoIecystitis may and do coexist in a 
good many instances. Under these circum- 
stances choIestero1 stones, we11 known to 
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be in the majority, are as obscure to the 
searching eyes of the roentgenoIogist as 
they were before ChoIecystography was 
introduced. In the case materia1 previousIy 
reported, stones were uItimateIy observed 
at operation or at autopsy in I2 I patients. 
RoentgenoIogy reported the correct state 
of affairs before operation in fifty-nine 
of these patients with an efficiency of 49 
per cent. The 94 per cent accuracy ob- 
tained in those cases where biIe concentrat- 
ing power had not been compIeteIy Iost, 
suffered notabIy by the incIusion of a 
considerabIe number of patients in whom 
major choIecystitis was associated with 
choIestero1 biIiary caIcuIi. TabIe II shows 
the effect of gaII-bladder visibiIity upon 

lthe accuracy of stone recognition. 

TABLE I 

2781 
Examinations 

1932-34 
(Two Years) 

2103 
Examinations 

1935-36 
(One Year) 

61 per cent Norma1 visualization 6g per cent 

29 per cent Non-visualization 21 per cent 
IO per cent Faint visualization 10 per cent 
g. 2 per cent Stones (all cases) g. I per cent 

No. Pre-operative x-ray 
of Diagnosis 

Cases of Stone 

88 No dye shadow 28 32 per cent 
121 AI1 cases 59 49 per cent 

33 VisibIe dye shadow 3’ 94 per cent 

TABLE II 
PROVED CASES OF CHOLELITHIASIS 

The deveIopment of radioIogic technique 
to the point of exceIIence necessary for the 
greatest cIinica1 expIoitation of choIe- 
cystography has been accompIished as the 
resuIt of widespread renewa of interest 
in this field of radioIogic diagnosis which 
has come foIlowing the introduction of 
Graham’s method. The manufacturers of 
x-ray equipment, intensifying screens, and 
photographic fiIms have responded nobIy 
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to the demands for increased excelIence 
relayed to them by the roentgenoIogist. 
On his part the roentgenoIogist has Iearned 
to scrutinize gaII-bIadder roentgenograms 
with great care, and as a resuIt, often finds 
himself recognizing gaIIstones which, with- 
out the invaIuabIe assistance of IocaIization 
provided by gaII-bladder visuaIization, 
might we11 have escaped-his notice because 
of unusua1 position, even though the stones 
themseIves may be of sufficient density to 
cast a shadow. Figure 4 offers a striking 
exampIe of this situation. The severa 
very minute stones found to lie cIose to the 
iIiac crest in this case can be identified as 
biliary caIcuIi beyond question of a doubt 
because of the faint gaII-bIadder outline 
cast by its dye-Iaden bile. Cholecystogra- 
phy is heIpfu1 not only in recognizing 
biIiary stones when they exist, but aIso, 
on occasion, in proving that shadows 
suspected of representing gaIIstones, in 
reaIity Iie outside the gaII-bIadder Iumen. 
Figure 8 shows how cholecystography was 
successfuIIy used in one instance to identify 
unusua1 caIcuIi in the right kidney. 

UtiIization of the fat mea1 to produce 
gaII-bIadder shrinkage has a practica1 
appIication which at times serves the 
roentgenoIogist to very good advantage. 
Even though the biIe contained within 
the gaII-bladder may contain insuffIcient 
iodized phenoIphthaIein to make its pres- 
ence known radiographicaIIy, rearrange- 
ment of contained stones, visibIe in their 
own right, foIIowing the administration of 
fat may be so characteristic as to provide 
accurate differentiation between those 
which Iie within the galI-bIadder itself 
and those which may lie in the biIiary 
ducts. Figures 5 and 6 iIIustrate this 
utiIization of choIecystography. In Figure 
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5, five semi-opaque stones are seen within 
the gaII-bIadder, whiIe six, Iying somewhat 
nearer to the spine in singie He, are pre- 
sumably in the common duct. Figure 6 
shows rearrangement of the gaII-bIadder 
stones one-half hour after fat feeding and 
shows the lowermost stone in the common 
duct now displaced sharpIy downward, 
presumabIy carried along toward the am- 
puIIa of Vater. Figure 7 represents the 
situation shortIy after the spontaneous 
passage of the common duct stones and 
serves to show, incidentaIIy, that opaque 
stones can be recognized equaIIy we11 with 
or without dye concentration. 

SUMMARY 

Since its introduction by Graham and 
CoIe in 1924, ChoIecystography, which 
is now very wideIy used throughout this 
country and abroad, has brought to the 
surgeon interested in the diseases of the 
gall-bIadder a very practica1 and reIiabIe 
means of pre-operative diagnosis. Not 
onIy is ChoIecystography vaIuabIe in gaug- 
ing gaII-bIadder function, but aIso in 
determining the presence or absence, the 
character and number, the Iocation and 
the behavior of gaIIstones. The method is 
aIso of practica1 importance in differentiat- 
ing gaIIstones from other caIcuIi in the 
right abdomen which might otherwise be 
misinterpreted. 
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