
568 WHITE AND BORDLEY Ann. Surg. * October 1978

9. Hess, W.: Surgery of the Biliary Passages and the Pancreas.
New York, van Nostrand, 1965.

10. Hopton, D. S. and White, T. T.: An Evaluation of Manometric
Operative Cholangiography in 100 Patients with Biliary
Disease. Surg. Gynec. Obstet., 133:949, 1971.

11. Hutchinson, W. B. and Blake, T.: Operative Cholangiography.
Surgery, 41:605, 1957.

12. Jolly, P. C., Baker, J. W., Schmidt, H. M., et al.: Operative
Cholangiography: Case for its Routine Use. Ann. Surg.,
168:551, 1968.

13. Kavlie, H. and White, T. T.: Flow Rates and Manometry in
the Assessment of the Common Bile Duct. Acta. Chir. Scand.,
138:817, 1972.

14. Kraus, H., Kern, E.: Some Current Problems in Biliary Surgery.
Surg. Gynecol. Obstet., 94:983, 1967.

15. Longmire, W. B.: The Diverse Causes of Biliary Obstruction
and Their Remedies. Curr. Probl. Surg., 14:7, 1977.

16. Mallet-Guy, P., Gignoux, M., Kestens, P. J. and Murat, J.:
Syndrome Post-Cholecystectomie, Paris, Masson & Cie, 1970.

17. Mallet-Guy, P. and Rose, D. F.: Preoperative Manometry and
Radiology in Biliary Tract Disorders. Br. J. Surg., 44:55, 1956.

18. McCarthy, J. D.: Radiomanometry During Biliary Operations.
Arch. Surg., 100:424, 1970.

19. McCarthy, J. D.: Radiometric Guides to Common Bile Duct
Exploration. Am. J. Surg., 34:697, 1977.

20. Monge, J. J.: Secondary Exploration of the Biliary Tree. Am.
J. Surg., 111:673, 1966.

21. Schein, C. J. and Beneventano, T. C.: Biliary Manometry:
Its Role in Clinical Surgery. Surgery, 67, 255, 1970.

22. Schein, C. J.: Post Cholecystectomy Syndromes, New York,
Harper and Row, 1978.

23. von Brucke, H.: Physikalische Messmethoden in der Gallen-
chirurgie. Langenbecks Arch. Klin. Chir.. 321:334, 1968.

24. Way, L. W., Admirand, W. H. and Dunphy, J. J.: Management
of Choledocholithiasis. Ann. Surg., 176:347, 1972.

25. White, T. T., Waisman, H., Hopton, D. S., et al.: Radiomanom-
etry, Flow Rates and Cholangiography in Evaluating the
Common Bile Duct Pathology, 220 cases. Am. J. Surg. 123:
73, 1972.

26. White, T. T. and Harrison, R. C.: Reoperative Abdominal
Surgery. Boston, Little, Brown & Co., 1973.

27. Yvergneaux, J. P., Bouwens, E. and Yvergneaux. E.: Diagnostic
de la Stenose Oddienne Benigne Dans une Serie Homogene
de 1150 Interventions Biliares sous Radiomanometrie. Ann.
Chir. 28:545, 1974.

DISCUSSION

DR. FRANK G. MOODY (Salt Lake City, Utah): Dr. White and
his colleagues in Seattle have done us a service by continuing to
pursue their interest in radiomanometry. This is a technique that
has been used for about 30 years in Europe, and apparently with
good success. In America there has been sporadic application, and,
actually, great reluctance to use it; and I guess that relates, pos-
sibly, to its lack of specificity and reproducibility.
For example, if both tests are consistent and positive, then you'll

always find pathology in the duct. Therefore, that would mean to
me that the cholangiography would be equally good, and I guess Dr.
White would agree with that, because he stated that the manometry
could be used in the place of cholangiography in this situation.
Now, if the manometry is positive and the cholangiography is

negative for identifying pathology, then you have a 35% false-positive
rate, which is extremely high for any type of diagnostic procedure
that one can apply clinically.
We have taken this problem to the laboratory, and we have studied

rhesus monkeys in a restraining chair, developing flow/pressure
relationships, without any type of medication in these animals, and
we've found that on any given day, indeed, we could get reproducible
curves, but on other days we couldn't reproduce the same curves.
We became curious about this and decided to test it on the opossum

so we could place electrodes into the sphincter and measure the
spike potentials. The reason why we used the opossum is that their
sphincter of Oddi is outside the duodenum. We chose to study the
GI hormones, rather than the neural control of the sphincter, and
we found very early that glucagon, cholecystokinin and, to our
surprise, pentagastrin caused a marked increase in the spike poten-
tials and a decrease in the rate at which materials could be perfused
through the common bile duct in these critters.

I suspect that these hormones, possibly, are playing a role in
Dr. White's patients. Now, I realize that they can't be quantitated
or measured; but one might be able to overcome this by using some
type of a dilatory substance on the papilla, and I wonder if, indeed.
you did use amyl nitrite in some of your studies.

In addition, did you also make measurements after you removed
the stones, or cut the sphincter?

I hope that Dr. White and his colleagues will continue to try to
apply this particular technology. In some way, it's helping them,
because a 1% incidence of overlooked stones is really a tremendous
accomplishment. I imagine it relates more, however, to their very

careful attention to detail in their cholangiography, and in their
way that they actually carry out the explorations of the ducts, rather
than to the value of this particular test.

DR. GEORGE D. ZUIDEMA (Baltimore, Maryland): I would like
to comment on several points which Dr. White's manuscript has
raised.

First of all, going back to the presentation which Dr. Egdahl made
earlier, we would all agree that it's important to avoid unnecessary
common duct explorations. It's been shown to double the mortality
and to increase the hospital stay by five days, not to mention the
additional discomfort which the patient experiences. Therefore, any
test which would improve the accuracy of diagnosis should con-
ceivably be of considerable help.
The basic idea, then, is to improve the accuracy of common

duct exploration.
Now, let us take a quick look at the various groups which Dr.

White showed us; I'd comment on two of them. First of all, in
Group 4, with 25 patients in whom the x-ray examination was suc-
cessful, there was only one unnecessary common duct exploration.
In Group 1, however, with 121 patients, in which both the radiology
and the manometry were satisfactory, there were 15 negative com-
mon duct explorations.

It seems to me that some of these may have occurred when they
were gaining experience with the technique; but at any rate, the
unnecessary operations were there.
The technique, it seems to me, has some advantages and some

disadvantages. I think that in taking it up we would all probably
experience the same kind of learning curve which Dr. White and
his colleagues showed, with a relatively high incidence of technical
failures early in the experience.
There is a major problem, however, which is hard to get around.

If we were to rely on the manometry alone, we would have the
problem of detecting intrahepatic stones. For this reason, I feel that
it's unlikely that the cholangiography used alone as a screening test
would be very helpful, because I think if we were to take one exami-
nation, we would probably get more information from a cholangio-
gram. There might conceivably be an advantage in the obese patient,
where we're all familiar with the technical problems associated with
cholangiography.

Now, this study is based on a simple hydraulic system, and there-
fore should lend itself to the construction of a model where one
can vary the size of the stones within the model, the rigidity of
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the duct wall, and so on. I'd like to ask Dr. White if he knows
whether it has been studied in this way, so that the laws of hydraulics
can be applied.

Finally, if the resting pressure alone would be of any value in a

screening fashion, combined with cholangiography, I wonder
whether he's had the experience using a readily available central
venous pressure catheter, one which would be available in every

operating room and could be used without investing in a lot of special
equipment.

DR. JOHN WILLIAM BRAASCH (Boston, Massachusetts): Dr. White
has the disadvantage in this study of starting with a low recurrent
stone rate so any meaningful change in this level by his added tech-
nique is difficult to establish.
We have had no experience with manometric cholangiography

and have preferred to use the choledochoscope as an adjuvant
procedure for examination in large ducts. We feel that this has been
helpful in finding the overlooked stone in the proximal system, where
most of our recurrent stones have hidden.
We should all realize, of course, that with the advent of post-

operative stone manipulation through the T-tube tract, the over-

looked stone is no longer the great tragedy that it used to be. Our
radiologists are getting quite good as this technique, even extracting
stones from the tertiary radicles within the liver. Then, too there is
the technique of fiberoptic papillotomy, which I am certain allows
many overlooked stones to pass.

DR. THOMAS T. WHITE (Closing discussion): I certainly appre-
ciate the discussion. As far as Dr. Moody's question about dilating
substances, we have used amyl nitrite or glucagon to get rid of the
abnormalities. Relative to measuring pressure after a common duct
exploration, the pressure goes up every time you pass an instrument

through the sphincter so that, in most instances, pressure measure-

ments at this point are meaningless unless we do a choledochoduo-
denostomy or a sphincteroplasty, when it should be normal.
As far as Dr. Zuidema's question about Group I versus Group IV,

there is no question that many of the ten surgeons involved in the
project did not believe the test in Group I patients at the beginning
of the study. Thus, if they thought the bile duct needed to be ex-
plored, they went right ahead and did it. It is for this reason that
there were 15 negative explorations out of 121. It is certainly true
that intrahepatic stones would not be shown by this technique. Owen
Daniel has done a series of flow and pressure studies using different
sizes of openings at the end of the tubing in an experimental hy-
draulic system. This shows that an opening of 0.1 mm will allow
a flow of 10 ml per minute at 30 cm of water. Professor Von Brucke
from Linz, Austria, has done the same thing and drawn the same
conclusion. As far as the Intracath or other tubing of this nature,
the problem with flow studies using a 5-F children's feeding tube
is that you will only get a flow of about 3 ml per minute through
the system because of the internal friction. Tubing which is of the
same diameter for the whole length has so much friction that it slows
the flow even of saline. Flow is slowed even further if radiopaque
medium is put into the tubing rather than saline. For this reason

we use a small cannula at the end and a large IV tubing above
which allows about 40 ml of saline to pass through the system per
minute.

Relative to Dr. Braasch's question, I'd like to say that chole-
dochoscopy should be followed by T-tube cholangiograms even if
the visual examination appears to be normal, because of the pos-
sibility of residual stones out of the field of view. Second, we have
had more overlooked stones in patients who had a bile duct 7 mm
or less in diameter than with patients with big ducts. In these pa-
tients we cannot use a Berhenne directable cannula to remove the
stones and have to have a second operative procedure or an endo-
scopic papillotomy.
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