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discussed. It is shown how false positi e and false negative
readings have almost been eliminated by improvements
in technique. A low incidence of residual common-duct
stones is reported.

4. Stress is laid on the use of cholangiography at
operations to demonstrate anatomical anomalies such as
an accessory hepatic duct, a low junction of the hepatic
ducts, anomalies of the cystic duct, etc. Operative trauma
to such ducts is then easily avoided.

OPSOMMING

I. 353 persoonlike gevalle van operatie\ e cholangio
grafie word ontleed en resultate word bespreek.

2. Die tegniek van die prosedure word breedvoerig
beskryf. Klem word gele op die belangrike punte van die
tegniek, en 'n hoe standaard van rontgenologie word vereis.

3. Die nadele van operatiewe cholangiografie word
be preek. Deur verbeteringe in die tegniek het dit moontlik
geword om vals negatiewe en vals positiewe bevindings
feitlik uit te skakel. 'n Baie lae voorkoms van agter-

geblewe choledochus-stene word gerapporteer.
4. Operatiewe cholangiografie i belangrik om abnor

male anatomie aan te toon soos bv. bykom tige lewer
buise, afwykings van die ductu cysticu, ens. Operatie\ e
kade aan die bui e word du vermy.

I hould like to thank Drs. A. v. B. mith, F. W.
McLachlan and A. C. McDonald. radiologist for [heir help
and advice in this work.
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ANALGESIA IN BILIARY PAIN*

G. EFRON. M.B., CH.B., M.MED. (SURG.) (CAPE Tow'), Department of Surgery, Universily of Cape Town

PRELIMINARY I 'VESTIGATIONS

Fig. J. The simple apparatus used for determining common-duct
pressures.

The purpose of this investigation was to find a suitable
drug to relieve biliary pain by determining the actions of
various analgesics and antispasmodics on the sphincter of
Oddi and the gallbladder.

t -tube.'manometer.

Preliminary investigations, which dealt with the effect of
drugs on the sphincter of Oddi, have already been published ' <
and will be referred to only briefly in thi article. They were
carried out as follows:

Malerial and Methods
Patients who had undergone exploration of the common

bile duct with T-tube drainage were investigated. In all of
them the short limb of the T-tube was at least t an inch
away from the ampulla of Vater. The phincter of Oddi was
intact and normal in each of the patients tested.

The pressure apparatus (Fig. 1) con isted of a water mano
meter which was connected to the T-tube and by means of

Biliary colic is so severe that women describe it as being
\\orse than childbirth. In the treatment of this pain
morphine is said to be contra-indicated. This is based on
the thesis that morphine causes spasm of the sphincter
of Oddi ' -· and of the gallbladder.7

,s

There is no doubt that the pain produced by a gallstone
in the common bile duct may be aggravated by mor
phine," and in fact morphine can produce biliary colic
in the absence of gallstones,"" presumably by its effect on
the sphincter of Oddi. However, many older clinicians'o- u

maintain that morphine is the drug of choice in gall
bladder pain.

My interest in this subject was aroused by a well-known
clinical observation." Patients often present with a history
of repeated attacks of gallbladder pain due to impaction
of a gallstone in the neck of the gallbladder. These attacks
start suddenly and the pain is relieved immediately by an
injection of morphine. There is no recurrence of the pain
after the effect of the morphine has worn off. Four such
patients admitted to our wards during the past 2 years
were carefully questioned, and confirmed this observation.

The relief may be due to the central analgesic effect
of the morphine,'·5.H but this does not explain the sudden
cessation of the pain, with no aftermath or recurrence
when the effect of the morphine has worn off.

It also appears to be unphysiological for morphine to
produce spasm of the sphincter and contraction of the
gallbladder simultaneously.lO,l. Therefore there may be
another explanation for the sudden relief of pain in these
cases, namely, disimpaction of the gallstone from the neck
of the gallbladder - possibly due to the effect of the
morphine on the biliary system.

* Paper presented at the Second Congress of the Association
of Surgeons of South Africa (M.A.S.A.), Durban, 17 - 20
September 1960.
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Fig. 3. Graphs showing the effects of (A)' amyl nitrite: (E) atropine,
(C) aminophylline and (D) avafortan on the intrabiliary pressure, follow
ing an injection of morphine.
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Fig. 2. Graphs showing the effects of (A) morpl:ioe, (E) pethidine
and (C) physeptone on the intrahiliary pressure.
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a Y-connection to a vacolitre of normal saline whicb was used
to fill the system. The whole .system was filled with saline and
the drip was then clamped off.

Once tbe level in the manometer was constant tbe patient
was given amyl nitrite to inhale. This relaxed tbe sphincter
of _Oddi completely and tbe reading on the manometer was
taken as zero.
Effect of Various Analgesics

The graphs in Fig. 2 show tbe effect of 3 analgesics on the
sphincter of Oddi. The resting pressure in graph 2A was 15
mm. of water. After inhalation of amyl nitrite the tone of the
phincter of Oddi wa released and the pressure fell to zero.

After the sbort-Iived effect of the amyl nitrite bad worn off
the sphincter tone returned. Morphine, t gr., was given
intramuscularly and within 5 minutes the pressure started to
rise, reaching a peak of 180 mm. of water after 15 minutes.
This rise in pressure lasted about 2 bours. A similar rise in
pressure was produced by pethidine and 'pbyseptone' (Grapbs
2B and 2C).

Of all the available analgesics tested in this way (Table n
TABLE l. TIlE EFFECTS OF VARIOUS ANALGESICS ON TIlE

SPHINCTER OF ODDI

No. of Degree of spasm
Drug administrations Nil Min. Mod. Marked

Morphine 36 0 0 3 33
Omnopon 2 0 0 I I
Pethidine 5 0 0 3 2
Physeptone 2 0 0 2 0
Avafortan 9 9 0 0 0
Baralgin 2 0 2 0 0

Min.=minimal, Mod.=moderate.

only 'avafortan' did not produce spasm of the sphincter of
Oddi.

Combinations of various analgesics and antispasmodics were
tested in a similar way.

The graphs in Fig. 3 sbow the effect of morpbine combined
with various antispasmodics on the intrabijiary pressure. Amyl
nitrite produces immediate and complete relaxation of the
spasm of the sphincter of Oddi caused by morphine (Fig. 3A).
Unfortunately amyl nitrite cannot be inbaled for a long period,
therefore its effect is short-lived and the pressure rises soon
after tbe inhalation is stopped.

The combination of morphine and atropine is recommended
by manylO-12 as the ideal analgesic in biliary pain on the
a sumption that atropine acts as an antispasmodic. 5

•
lS As can

be seen in Fig. 3B, atropine does not Prevent the marked
spasm and increase in intrabiliary pressure produced by
morphine. The use of atropine as a biliary antispasmodic
therefore appears ill-founded. lo ,20

Intramuscular aminophylline (Fig. 3C) maintains partial
relaxation of the sphincter of Oddi, after an injection of
morphine. for approximately an hour. Thereafter tbe intra-

biliary pressure rises. Amyl nitrite was given at the end of
the experiments simply to ascertain that the apparatus was
functioning properly. Intramuscular aminophylline bas the
disadvantage of being a painful injection.

Intramuscular avafortan (Fig. 3D) bas no effect on the
raised intrabiliary pressure produced by morphine. In some
patients avafortan relaxes the tone of a normal sphincter of
Oddi.17

one of the other antispasmodics tried in combination with
morphine have any effect on tbe spasm of the sphincter of
Oddi produced by the morphine (Table m. Therefore, at
present avafortan - an analgesic that does not produce spasm

TABLE 1I. TIIE EFFECTS OF VARIOUS ANTISPASMODICS ON SPASM
OF THE SPHINCTER OF ODDI PRODUCED BY MORPHINE

No. of Degree of relaxation of
Drug administrations spasm produced by morphine

Nil Min. Mod. Marked
Amyl nitrite 52 0 0 0 52
Aminophylline 5 I 1 3 0
Glycerine

trinitrite 3 2 1 0 0
Atropine 6 6 0 0 0
Avafortan 6 5 1 0 0
Buscopan 3 2 1 0 0
Bentyl 4 3 (j 0 1
Khellin 2 2 0 0 0
Papaverine ) I 0 0 0
Priscol 2 2 0 0 0
Daptazole 3 3 0 0 0
Scopolamine 2 2 0 0 0
Ephedrine 2 2 0 0 0
Nalorphine 3 2 0 0 I

Min.=rninimal, Mod. = moderate.
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of the sphincter of Oddi - appear to be the best drug in the
ueatment of biliary colic due to a gallstone in the common
bile duct.

The potency of avafortan is apparently equivalent to that
of pethidine. Intramuscular avafortan has been tried in 3
cases of biliary colic caused by stones in the common bile
duct with good results in 2 patients and an indifferent result
in the third. Since the manufacturers advise that in cases of
severe colic avafortan is more effective if given intravenou }y,
it is possible that intravenous avafortan would have been more
effective in our third patient.

EFFECT OF DRUGS ON THE GALLBLADDER

The effects of these drugs on the gallbladder were then
investigated.

Morphine
Morphine is said to cause contraction of the gall

bladder-7
•
21 This conclusion was based on the following

experiment:
A de Pezzer catheter or T-tube was inserted into the

fundus of a gallbladder in a dog. The long limb of the
T-tube was brought out through a stab wound in the
abdominal wall and the abdomen closed. Mter the dog
had recovered from the operation, a water manometer
was attached to the catheter and the effect of morphine
was tested with the dog at rest.

Fig 4 shows a graph of the pressure studies in this
experiment. The resting pressure in this dog's gallbladder

DOG 89.

T-TUBE IN G.B

~O 40 60 80 100 MINUTES.

MORPHINE
gr...l( l.M. 4

Fig. 4. Graph showing the effect of morphine on the
intra-gallbladder pressure in a dog. (G.B.=gallbladder,
I.M. =intramuscularly.)

was 60 mm. of water. Morphine, gr. t, was given intra
muscularly. This resulted in a rise in intra-gallbladder
pressure by 77 mm. of water. A similar rise in gallbladder
pressure was obtained with pethidine.

There are 2 possible explanations for the rise in gall
bladder pressure after the morphine injection (Fig. 5).
Firstly, Macht' concluded that the rise in pressure was
due to the contraction of the gallbladder itself. It is
noteworthy that he did not ligate the cystic duct and
did not carry the experiment further. A second possible
explanation for the rise in pressure could be back pressure
transmitted up the cystic duct from the raised intra
common-duct pressure produced by spasm of the sphincter
of Oddi.

It was therefore felt that the experiment should be
repeated after ligation of the cystic duct, but with the

)~ ....
,/""'-.._........ __.--.,.,.-

1 20 40 60 eo t.IN.ITES
to.CfifHNE.

DOG 165. B.

.0

~ 100

300
o
£200

1 201 40 60 80 MI/IIJTE5.

PZ MORPHNE. 6
1 10 <fl 3C 40 WI'IJTES
~ MaVHNE. 7
SOu 9':4 IM

Fig. 6. (A) Graph showing the effect of morphine on the
gallbladder of a dog after ligation of the cystic duct.
(B) Graph showing the effects of pancreozymin and
morphine on the gallbladder of a dog after ligation of the
cystic duct. (G.B.=gallbladder, l.M.=intramuscularly,
P.Z.=pancreozymin.)
Fig. 7. CA) Graph showing the effect of morphine on
the gallbladder and the common-duct pressure following
ligation of the cystic duct. (B) Graph showing the effects
of pancreozymin and morphine on the gallbladder and
the common-duct pressure following ligation of the cystic
duct. (G.B.=gallbladder, CBD=common bile duct, PZ=
pancreozymin, l.M.= intramuscularly.)
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Fig. 5. Diagram demonstrating the 2 possible causes for
a rise in the gallbladder pressure after an injection of
morphine.

blood supply to the gallbladder intact. After ligation of
the cystic duct morphine had no effect on the gallbladder
pressure (Fig. 6A). In order to ascertain that the blood
supply to the gallbladder was unimpaired after ligation of
the cystic duct the dogs were given pancreozymin, a
pancreatic hormone which contains cholecystokinin." The
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TABLE Ill. THE EFFECT OF MORPHINE ON THE HUMAN
GALLBLADDER IN 6 CASES

6. F. de G. Increased dis- Increased dis-
tension tens.ion

intravenous injection of pancreozymin (Fig. 6B) produced
a short-lived but marked contraction of the gallbladder,
lasting approximately 20 minutes."'"

Here again there was no rise in gallbladder pressure
after the injection of morphine. In fact, the pressure fell
below the resting pressure, suggesting that the gallbladder
may indeed have relaxed.

It remained to be shown that although there was no
rise in pressure in the gallbladder after ligation of the
cystic duct, there was indeed a simultaneous rise in
common-bile-duct pressure. After ligation of the cystic
duct, T-tubes were inserted into the gallbladder and into
the common bile duct. Sub eq uently pressures were
mea ured. .

Following an injection of morphine (Fig. 7A) the pres·
sure in the common bile duct rose to 140 mm. above that
of the gallbladder pressure. The gallbladder pressure

_gradually fell after the morphine injection.
An attempt was then made to reproduce an attack of

gallbladder colic in the experimental animal to observe
the effect of morphine on the pressures in the biliary
system in these circumstances.

A dog with T-tubes inserted into the gallbladder and
common bile duct and whose cystic duct had been ligated,
was given 50 units of pancreozymin, to produce acute
gallbladder contraction. The graph in Fig. 7B shows that
after the injection the pressure in the gallbladder rose
steeply. whereas the common·duct pressure remained
unchanged. At the height of the contraction t gr. of
morphine was given intramuscularly. The common·duct
pressure rose steadily to above the gallbladder pressure,
while the gallbladder pressure fell after the effect of the
pancreozymin had worn off.

These experiments seemed to prove that morphine does
not cause contraction of the gallbladder and perhaps
even relaxes it, the rise in gallbladder pressure after
morphine being due to back pressure up the cystic duct
from the raised intra-common-duct pressure, caused by
spasm of the sphincter of Oddi. It was thought possible
that the back pressure in the cystic duct after the injection
of morphine could disimpact a gallstone from the neck
of the gallbladder and, with this in view, the following
experiment was performed.

'"
\. \

'. ~"'11 .1,

\\~
Fig. 8. Diagram of ex
periment in a dog show
ing a human gallstone in
serted into the neck of
the gallbladder.

The gallbladder in a dog was mobilized from the fundus
down and circumcised at the neck after the insertion of
stay sutures. A close-fitting hu~an gallstone was 'inserted

mto the neck of the gall·
bladder, making sure that it
was not impacted and that
it could be dislodged fairly
easily (Fig. 8). The gallstone
in the neck of the gallbladder
was observed for 10 minutes
under basal conditions.

The dog was then given
t gr. of morphine. Within
3 - 10 minutes, depending on
the method of administration
of the morphine, the stone
was dislodged from the neck
of the gallbladder.

This experiment was per
formed several times with the
same result and it therefore
seems reasonable to conclude
that, given the correct condi
tions, morphine may dislodge

a gallstone from the neck of the gallbladder in a dog.
In order to assess the value of the conclusions drawn

from the above experiments performed on the gallbladders
of dogs, it was necessary to determine whether the human
and canine gallbladders react in the same way to drugs.
This was investigated in the following way:

Six patients having routine cholecystograms, whose gall
bladders had been filled adequately with dye, were given
t . t gr. of morphine intramuscularly. They were
re-X-rayed from t to 2 hours after the morphine injection
to observe the effect. The patients were then given fatty
meals at varying intervals to see the effect of a stimulant
on gallbladder contraction. Similar X-ray views were taken
throughout the series.

Table In shows the effect of morphine on the gall·
bladder in the 6 patients. There was no contraction of
the gallbladder after the morphine injection, except in
patient 2 (M.I.). She vomited after the morphine was
administered and this may have caused the gallbladder
to contract and empty. Following morphine, the gall
bladder failed to contract after a fatty meal in all cases.

In patient 5 (J.B.), the gallbladder had not altered
in size t an hour after the injection of morphine. Similarly
the gallbladder did not contract after the fatty meal. How·
ever, 4 hours after the morphine injection the fatty meal
was repeated and on this occasion the gallbladder con
tracted, i.e. after the effect of the morphine had worn off.

In order to exclude delay of the fatty meal reaching the
duodenum due to gastric stasis produced by morphine, a
tube was passed into the duodenum in 3 cases and the
fatty meal injected directly into the duodenum. Even
under these circumstances the gallbladder did not contract.

From this it was concluded that morphine did not make
the human gallbladder contract and appeared to inhibit
the contraction normally produced by a fatty meal.
Atropine

It has been said that atropine causes the gallbladder to
relax!· The effect of atropine on the human gallbladder

TO contraction
o contraction
o contraction Gallbladder

contracted
following 2nd
fatty meal 4
hours after
morphine

Effect of a fatt)'
meal after
morphine Remarks

Increased dis-
tension

No contraction Patient vomited
after mor
phine? Cause
of contrac
tion

o contraction
No contraction
No contraction

Effect of mor
phine on gall

bladder
Increased dis

tension
Slight contrac

tion

Patient

I. L. B.

2. M. J.

3. S. G.
4. L. P.
5. J. B.
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was tried on 4 patients who were having routine
cholecystograms. Each patient was given 1 ~o gr. of
atropine intramuscularly and re-X-rayed 15 minutes after
the injection. This was followed by a fatty meal, and a
further X-ray. In 3 cases the gallbladder decreased in size
after atropine and in 1 case the gallbladder increased in
ize. In all 4 patients the gallbladder contracted in response

to the fatty meal.
From these results it seems that atropine does not

inhibit contraction of the gallbladder produced by a fatty
meal and therefore is probably not of value as an anti
spasmodic in gallbladder pain"·

CONCLUSIONS

From these observations the following conclusions in regard
to the treatment of biliary pain seem justifiable:

1. If the pain is due to a common duct stone, avafortan
is the drug of choice. It is analgesic and does not produce
spasm of the sphincter of Oddi. However, a more potent
analgesic and antispasmodic drug would be preferable.

2. If the pain is due to a stone impacted in the neck of
the gallbladder, morphine is the drug to be used. It is a
powerful analgesic and does not cause contraction of the
gallbladder. Indeed, it may even inhibit gallbladder
contraction. Furthermore, due to contraction of the
phincter of Oddi, a rise in common-bile-duct pressure is

caused which may be transmitted via the cystic duct and
may result in disimpaction of the stone with complete
remission of symptoms.

SUMMARY

I. The effects of various analgesics on the sphincter of
Oddi, alone and in combination with various antispas
modics, are shown.

2. Of all the analgesics tested only avafortan does not
produce spasm of the sphincter of Oddi.

3. The effect of morphine on the gallbladder is demon
strated.

4. Morphine does not cause the gallbladder to contract
and perhaps even inhibits contraction. Furthermore, it
was shown in dogs that spasm of the sphincter of Oddi
produced by the morphine results in a rise in the common
duct pressure which may be transmitted up the cystic duct
and dislodge a gallstone from the neck of the gallbladder.

5. It is suggested that in the treatment of biliary pain,
if the pain is due to a common duct stone, avafortan is
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the drug of choice ince It I an analg ic that doe not
produce spa m of the sphincter of Oddi. However, if the
pain i due to a stone impacted in the neck of the gall
bladder, morphine should be used.

A powerful analgesic which does not cause contraction
of the gallbladder, morphine rai es the common duct
pressure, and this rise in pressure may be tran mitted up
the cystic duct to result in disimpaction of the tone with
relief of yrnptom.
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POSTOPERATIVE INTESTINAL OBSTRUCTIO I INFA TS A D CHILDRE *
WILFRED KARK, F.R.C.S., University of the Witwatersrand, Johannesburg

An analysis of experience with intestinal obstruction
following abdominal operations in infants and children
has provided some unexpected results in regard to the
causes of the obstruction; and, although the condition is
not common and the' experience reported here is limited,
it appears to be worthy of record.

* Paper presented at the Second Congre of the Association
of Surgeons of South Africa (M.A.S.A.), Durban, 17 - 20
September 1%0.

The material studied consists of 20 ca es which have
arisen in the course of the past 9 year . The 20 ca es all
presented a mechanical intestinal ob truction; they had
all had previous abdominal surgery; and they were all
submitted to further surgical treatment - thus a definite
diagnosis could be made. These were not the only instances
of postoperative obstruction that occurred during this
period; there were also examples of paralytic ileus as well
a cases of mechanical ileus which were treated conserva-




