PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 173, 344-348 (1983)

Compliance of the Extramural Portion of the Canine Common Bile Duct (41654)

GARY SLATER,' PAUL TARTTER, DAVID DELMAN, ARTHUR H. AUFSES, JR.,
DAVID A. DREILING, AND JACK RUDICK

Department of Surgery, Mount Sinai School of Medicine of the City University of New York and
The Mount Sinai Hospital, One Gustave L. Levy Place, New York, New York 10029

Abstract. The physiologic characteristics of the biliary tract cannot be adequately evaluated
without analyzing both the resistive and compliant characteristics of the common bile duct. We
studied the compliance of the common bile duct in six anesthetized dogs. Saline was infused
continuously while pressure was monitored with the sphincter of Oddi intact and tied off. The
mean opening pressure of the sphincter was 8.45 cm H,O. In the obstructed duct, compliance
was found to decrease with increasing pressure. The mean compliance for all five dogs at low
pressures (below opening pressure) was 11.0 X 102ul/cm H,O/mm?, and at high pressures was
1.7 X 1072ul/cm H,O/mm? Changes in flow rate did not affect the compliance of the duct.
Although the compliance of the duct was found to be nonlinear overall, it was nearly linear in

both the high- and low-pressure ranges.

To evaluate the physiologic characteristics
of the biliary tract system, both the resistive
and compliant properties of the common bile
duct must be analyzed. Although there have
been many studies on the pressure relation-
ships in the common bile duct (1-6) as well
as on the resistance to flow through the
sphincter of Oddi, (7-9) the compliance, or
the ability of the duct to store fluid (bile), has
received little attention.

Anatomic studies of the canine common
duct (at a distance away from the sphincter
of Oddi) have revealed a significant amount
of elastic tissue throughout the duct inter-
mingled with collagenous connective tissue
(10-12). This histological description of the
duct, with a predominance of fibroelastic tis-
sue, allows for a significant storage capacity
(or compliance) of the duct.

In this study we analyzed the compliance
of the common duct under various physio-
logical conditions. Using continuous infu-
sions, the compliance of the duct was mea-
sured with the sphincter of Oddi obstructed
by proximal ligation.

Material and Methods. The experiments
were performed on six healthy mongrel dogs
with an average weight of 25 kg. Under pen-
tobarbital anesthesia, the cystic duct and all
hepatic ducts except for two were ligated. One
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hepatic duct was cannulated with a polyeth-
ylene catheter and connected to a Harvard
pump for the purpose of continuous infusion
of saline. The other hepatic duct was also can-
nulated and attached to a Statham (P231a)
pressure transducer which was connected to
a Beckman type RP Dynograph recorder. Both
catheters were filled with saline and introduced
into the intact duct system in a way that would
minimize the entrance of air. Prior to taking
any pressure measurements the system was
flushed with saline and all air bubbles were
removed. A ligature was loosely placed around
the distal common duct immediately proximal
to the sphincter of Oddi but not tied until the
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FiG. 1. Diagramatic representations of the experimental
model used.
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FiG. 2. Photograph of a pressure recording in dog 513 with the sphincter of Oddi intact.
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FIG. 3. Photograph of a pressure recording in dog 506 with the sphincter obstructed by a ligature.

latter part of the experiment. A large-bore
catheter in the duodenum allowed for de-
compression (Fig. 1). The zero pressure ref-
erence was level with the common bile duct
of the supine dog.

Two groups of experiments were performed.
In the first group, which included five dogs,

the sphincter of Oddi was intact and saline
was infused at various constant rates from 4-
22 ul/sec while pressure was monitored.
Opening pressures (OP) were recorded as the
constant pressure that occurred after the pres-
sure stopped rising. This OP was always ac-
companied by small oscillations (Fig. 2). In

TABLE 1. REPRESENTATIVE PRESSURE-VOLUME DATA FOR FIVE DOGS WITH THE SPHINCTER INTACT

304« 311° 422° 5067 513

Flow = 22.2 Flow = 11.5 Flow = 4.0 Flow = 4.0 Flow = 8.0

OP = 8.0 OP = 10.0 OP = 5.0 OP =170 OP = 10.0
A P \% P v P \4 P A\ P

0 0 0 0 0 0 0 0 0 0

44 20 58 0 40 0 40 0 80 0
88 2.8 115 1.0 80 1.0 80 0.8 160 0.5
132 3.8 173 22 120 L5 120 1.5 240 3.0
176 42 230 3.0 160 20 160 2.5 320 4.0
222 5.2 288 34 200 3.0 200 3.6 400 50
262 6.0 345 5.2 240 38 240 4.5 480 6.0
306 6.8 403 6.0 280 42 280 5.2 560 73
460 7.8 320 6.0 640 8.1

Note. Flow = flow rate (ul/sec); OP = open pressure (cm H,0); V = volume (ul); P = pressure (cm H,0).

“ Number of dog.
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TABLE 11. OPENING PRESSURE OF THE SPHINCTER
OF ODDI AT EACH FLOW

Dog Flow OoP oP

No. (ul/sec +1SE) (cm HO +1SE) (cm H;O + 1 SE)

304 22.22 10.5 +1.85 100 *1.02
11.50 9.33 + 0.33

311 22.22 9.8 +0.2 8.64 + 0.65
11.5 100 +0
5.88 55 +0.5
2.33 50 0

422 15 100 +0.0 6.88 + 0.63
8 60 *0.5
4 6.75 + 0.85

506 8 6.33 £ 0.67 6.17 £ 04
4 6.0 +0.58

513 15 10.33 + 0.33 10.13 £ 0.23
8 10.5 +0.50
4 9.67 + 0.33

the second part of the experiment, the ligature
that had been placed around the common duct
just proximal to the sphincter of Oddi was
tied. Saline was infused again at similar con-
stant rates as in the previous experiment and
pressure was monitored in six dogs (Fig. 3).
Compliances were calculated for the duct only
when the sphincter was excluded by proximal
ligature.

COMPLIANCE OF BILE DUCT

The pressure measured in response to var-
ious volumes infused was recorded during each
experiment. Compliances were calculated for
the low- and high-pressure segments of the
pressure-volume curves obtained since those
were the parts that were nearly linear. The
method of least squares was used to obtain
“best fit” straight lines from the pressure-vol-
ume data. The compliance was then calculated
as one over the slope of the “best fit” straight
line in which pressure is plotted on the or-
dinate and volume is plotted on the abscissa.
After completing each experiment, the animals
were sacrificed and the common duct was re-
moved. The length and diameter of the duct
were measured in five dogs so that compliances
could be reported per unit of surface area, and
thus each dog could be compared.

Results. Opening pressure of the sphincter.
A representative set of pressure-volume data
for a specific flow rate for each dog studied is
shown in Table I. The OP of the sphincter,
at each flow, in all dogs is shown in Table II.
The mean OP for all five dogs was 8.45
+ 0.37 (SE) cm H,0.

Compliance with the sphincter excluded.
Typical pressure-volume data obtained at
specific flow rates after ligating the duct prox-
imal to the sphincter of Oddi is shown in Table
II1. Compliance was then calculated for both

TABLE III. REPRESENTATIVE PRESSURE-VOLUME DATA FOR FIVE DOGS WITH THE SPHINCTER TIED OFF

304
Flow—11.5
ul/sec 3114 422¢ 506 5134
\' P A\ P \' P \ P \" P
0 0 0 0 0 0 0 0 0 0
11.5 0.5 115 3.0 40 1.0 40 1.0 75 1.0
230 1.0 230 6.0 80 20 80 30 150 3.0
46.0 20 345 8.0 120 3.0 120 50 255 4.0
69.0 23 460 120 160 5.0 160 7.0 300 5.0
92,0 3.1 575 18.0 200 6.0 200 10.0 375 7.0
115.0 4.0 690 31.0 240 70 240 15.0 450 8.0
138.0 7.0 713 35.0 280 9.0 280 21.0 525 10.0
161.0 1.5 320 12.0 320 320 600 12.0
184.0 10.4 360 17.0 324 35.0 675 15.0
207.0 14.5 400 26.0 750 18.0
230.0 19.5 432 35.0 825 230
253.0 275 900 31.0
264.0 30.5 915 35.0
276.0 35.0

Note. V = volume (ul); P = pressure (cm H,0).
4 Number of dog.
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TABLE IV. COMPLIANCE OF THE COMMON Duct
WITH THE DISTAL DUCT LIGATED
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TABLE VI. COMPLIANCE PER UNIT AREA FOR FIVE
DoGs WITH SPHINCTER TIED OFF

Compliance (ul/cm H,0)

Compliance® (ul/cm H,O/mm?)

Flow Early Late

Dog (ul/sec) (low pressure) (high pressure)
212 2.33 5.48
5.88 4.62
11.5 5.26
22.22 3.37
304 5.88 20.53 3.36
11.5 22.00 3.61
22.22 23.69 4.67
311 5.88 35.64 5.54
11.5 46.30 6.57
22.55 46.25 7.07
422 4 35.85 3.37
8 36.67 3.73
15 43.22 3.64
506 4 25.07 3.64
8 34.70 324
15 32.27 295
513 4 43.74 8.53
15 59.45 8.25
8 46.97 9.68

the high- and low- (below previously measured
OP with the sphincter intact) pressure ranges
(Table 1V). The compliance was consistently
higher at lower pressures at all flow rates. There
was no consistant relationship between com-
pliance and flow rate.

Analysis of compliance in all dogs. The var-
ious compliances for each experimental con-
dition at different flows were averaged together
for each dog and the results are shown in Table
V. The highest compliances measured were
at low pressures for each dog. In Table VI,

TABLE V. COMPLIANCE OF EACH DOG WITH THE
SPHINCTER TIED OFF

Compliance (ul/cm H;0)

Dog

No. Low pressure High pressure
212 4.45

304 22.01 393

311 44.5 6.57

422 38.6 3.58

506 30.84 3.19

513 46.47 8.20

Low pressure High pressure

11.0 + 1.4 X 1072 1.7 +3 X 1072

2 Plus or minus 1 SE.

the compliances recorded in Table V were
changed to compliance per unit surface area
so that the data for all dogs could be combined.

Discussion. Although many investigators
have studied pressure and flow characteristics
of the common duct as well as a resistance
across the sphincter of Oddi, the compliance
or storage capacity of the duct has not been
taken into account. The common duct is not
merely a conduit for the passage of bile from
the liver or gallbladder to the duodenum:; it
has a capacity to store a variable amount of
bile itself. Physiologically the common bile
duct is never empty of bile and knowledge of
its compliance is important in understanding
how it functions.

In the nonobstructed duct, with an intact
sphincter of Oddi, we found opening pressures
that were consistent with reports of other in-
vestigators. (13-16). The compliance of the
obstructed duct was found to be highly de-
pendent on the pressure range studied. At
physiologically low pressures that are normally
found in the common duct, compliance was
high, whereas at high pressures the compliance
was quite low. The low compliance at these
high pressures is probably due to the fact that
the tissue of the duct wall is at maximum
stretch and thus has an increased elasticity.

The compliance of the obstructed duct was
found to be nonlinear over the whole range
of pressures measured. At physiologic pres-
sures below OP and at high pressures, the
compliance was linear. No relationship be-
tween compliance and rate of flow was dem-
onstrated in the obstructed duct. Since the
compliance is mostly a function of the prop-
erties of the duct wall itself, this finding is not
surprising.

This study has characterized some of the
compliant characteristics of the obstructed ca-
nine common duct. We feel that the storage
capacity of the duct is an important physio-
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