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Paradoxical response of sphincter of Oddi to
intravenous injection of cholecystokinin or ceruletide.
Manometric findings and results of treatment in
biliary dyskinesia
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SUMMARY Sixty two patients with a clinical suspicion of biliary dyskinesia were investigated with
endoscopic manometry of the sphincter of Oddi before and after intravenous injection of
cholecystokinin or ceruletide. In 52 patients injection was followed by decreased pressure in the
sphincter of Oddi; 43 of these had normal prestimulatory values (group I), while the values were
raised in the other nine patients (group II). A paradoxical response to intravenous injection was
observed in 10 women (group III): increased baseline sphincteric pressure occurred in eight and
increase in the amplitude of phasic contractions in four patients. The prestimulatory sphincteric
pressure was raised in five and normal in the remaining patients. Eight patients were treated with
papillotomy (seven) or balloon dilatation of the sphincter (one). They experienced relief of pain
during a follow up period of 11-16 months. Intravenous injection of cholecystokinin or ceruletide
may disclose a special type of biliary dyskinesia even in patients with normal prestimulatory
manometric findings. Hormone injection increases the diagnostic yield of endoscopic manometry
in patients suspected of biliary dyskinesia.

A paradoxical increase in the basal sphincter of
Oddi pressure after injection of cholecystokinin has
recently been observed in five patients investigated
on the suspicion of biliary dyskinesia.' This may
represent a new type of biliary dyskinesia as
normally in man, cholecystokinin reduces or abol-
ishes the sphincter of Oddi phasic contractions and
causes a modest, but significant decrease in basal
sphincter of Oddi pressure.2 Likewise ceruletide a
synthetic analogue of caerulein elicits a powerful
relaxing effect on sphincter of Oddi pressure
activity.34
We carried out endoscopic manometry of sphinc-

ter of Oddi before and after injection of cholecysto-
kinin or ceruletide in 62 patients with clinical
suspicion of biliary dyskinesia. Ten of the patients
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showed a paradoxical increase in the sphincter of
Oddi pressure after hormone injection; eight were
submitted to papillotomy or balloon dilatation of
the sphincter of Oddi. Thus in this paper we not only
extend the previous observations,' but also report
our results of treatment in this new type of biliary
dyskinesia.

Methods

PATI FEN1 S

During 1984-1985 62 patients suffering from long
standing episodic right upper quadrant pain were
studied. Thorough laiboratory investigations,
oesophago-, gastro-, duodeno-scopy. endoscopic re-
trograde cholangio-pancreatography. pancreatic
function tests as well ats small bowel biopsy had
showed normal results in all patients. To exclude or
confirm the possibility of biliary dyskinesia as the
cause of symptoms endoscopic manometry of the
sphincter of Oddi wats done before and after
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cholecystokinin or ceruletide injection in all
patients.
The peroperative manometric technique as re-

cently described in detail5 has been adjusted for
endoscopic application. We used a triple lumen
catheter (Arndorfer, Med Spec, USA) perfused by
distilled water or sterile isotonic saline. The duo-
denal pressure was taken as zero reference. A
duodenoscope (Olympus JF-IT) was used and the
papilla was cannulated within five minutes in all
cases. In four patients (MJ, A-KL, IK, MT),
diazepam 5-20 mg was given intravenously immedi-
ately before the investigation as the only medication.
The remaining patients also received 0-5 mg atropin
intramuscularly 60 minutes before the study.
The sphincter of Oddi pressure was registered for

at least three minutes after a steady registration had
been achieved. Thereafter cholecystokinin
(Cholecystokinin®', Kabi Vitrum, Sweden) 1 U/kg
bodyweight or ceruletide (Ceruletide®, Farmitalia,
Italy) 0 3 rig/kg bodyweight was given intravenously
as a pulse dose during 30 seconds. The maximal
levels of basal pressure amplitude and frequency of
phasic contractions during the period before the
injection of cholecystokinin or ceruletide were
compared with the maximal levels registered during
a period of at least two (mean three) minutes after
the beginning of the injection of the hormone. The
manometric registration has always been done
before ERCP.

Results

On the basis of the results of the manometric
recording the patients could be divided into three
groups, Table 1.

Table 1 Baseline sphincter of Oddi pressure (Blp,
mmHg), amplitude (Ampl, mmHg) andfrequency (Frq,
waveslmin) ofphasic contractions before (B) and after (A)
iv injection of cholecystokinin or ceruletide in the various
groups ofpatients. (n =62)

BIlp * Anp1* Frq*
Mean (ratnge) Meant (range) Mean (ranige)

Group I B 141 (6-24) 141 (110-200) 4-5 (-8)
n=43 A 8-5 (3-20) 24 (0-76) 0-7 (0-2)

Group II B 48-2 (24-84) 228.3 (162-320) 6-6 (4-10)
n=9 A 27-1 (4-55) 32-1 ((0-15() 0-9((-2)

GroupIII B 43-6(16-90) 220(8 (88-401) 5 4(-9)
n= 10 A 73.4 (20-14(0) 258.7 (103-350) 4.0 (2-9)

*Mean values and range observed in healthy volunteers (n=9):
Blp 11-3 (8-16). Ampl 110-5 (63-184), Frq 2-8 (1.3-4-6).

GROUP I
Forty three patients (one man, 42 women) with a
mean age of 43*5 years (range 30-56) had a normal
or only slightly abnormal prestimulatory manomet-
ric registration. All but two had had a cholecystec-
tomy two to 16 years earlier (mean 6 1). The
hormone injection induced a moderate decrease in
baseline sphincter of Oddi pressure (Blp) and a
profound inhibition of phasic contractions. In 30 of
the patients the hormone injection caused ab-
dominal discomfort, but none experienced distinct
abdominal symptoms.

GROUP II
Nine patients (one man, eight women) with a mean
age of 46.7 years (range 35-62) showed manometric
abnormalities, mainly raised Blp indicating biliary
dyskinesia. In seven cholecystectomy had been done
five to 18 years before the study (mean 7 4). The
hormone injection induced an inhibition of sphinc-
ter of Oddi pressure in all subjects. The Blp became
normal in three patients whereas in spite of a
marked decrease it remained above the reference
limit in the remaining six. In six of the patients the
hormone injection was followed by abdominal
discomfort, but none experienced a distinct biliary-
like abdominal pain. In two patients an endoscopic
papillotomy was carried out. One of them improved
and has remained symptom free 1-5 years after the
intervention. The Blp values in this patient before
and after the hormone injection were 84 and
20 mmHg respectively. A second patient did not
improve; Blp values were 28 and 20 mmHg respec-
tively. The phasic contractions were normal in both
patients. The remaining seven patients in this group
still have abdominal symptoms which are treated
conservatively.

GROUP III
A paradoxical sphincter of Oddi response to the
hormone injection was observed in 10 women aged
22-75 years (mean 43.7) who had had right upper
quadrant pain for one to 20 (mean 5.7) years. All
but one (A-KL) had had a cholecystectomy three to
20 years (mean 7-1) earlier. The results are shown in
detail in Table 2 and examples of the paradoxical
sphincter of Oddi response are shown in Figures 1
and 2.
The most common response was a rise of the Blp,

which occurred in eight patients (MJ, IK, MT, AC,
JA, LJ, AW, KM). Three of these patients (MJ,
MT, JA) also showed an increase in amplitude of
phasic contractions (arbitrarily defined as an in-
crease of at least 30 mmHg) and in a further three
patients (AC, LJ, AW) the amplitude remained
unchanged. An additional patient (A-KL) in whom
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Fig. I Sphincter of Oddi activity before (upper record) and I minute after (lower record) cholecystokinin injection. Note
the marked rise of baseline pressure.
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Fig. 2 Sphincter of Oddi activity before, during (upper record) and after (lower record) cholecystokinin injection. Note the
marked rise ofamplitude ofphasic contractions.
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Table 2 Details in baseline sphincter of Oddi pressure
(BIp, mmHg), amplitude (Ampl, mmHg) andfrequency of
phasic conitractionis (Frq, waveslmin) before and after
injection of cholecvstokinin or ceruletide in patients with a
paradoxical response

Before horotnie After hormtione
injection injection

Patient Blp Amnpi Frq B/p Amnpl Frq Pain1

MP 16 88 4 34 218 4 t
A-KLK 22 105 7 20( 250 9 §
IK* 18 120 6 45 103 2 §
MT* 20 154 9 30 306 - §
AC,t 9( 340 3 110 350 4 §
JAt 70 280 4 1I( 310 3 t
LJt 50 180 4 80 200 3
AWt 50 300 4 140 320 4
FCt 80 241) '9 85 180 3 +
KMt 20 401 4 80 350 4 T

*Cholecystokinin. tCcruletidc, TModcrate pain. NSlight pain.

the slightly raised prestimulatory Blp remained
unaffected by the hormone injection exhibited a
marked increase in amplitude. In the remaining
patient (FC) a normal inhibition of phasic contrac-
tions could be observed, but the markedly raised
Blp did not decrease. An increase in frequency of
phasic contractions has not been observed in any of
the patients.

All patients experienced mild to moderate biliary-
type symptoms during the hormone injection.

CLINICAL OUTCOME
Endoscopic papillotomy was carried out in seven of
the patients whereas one had an endoscopic balloon
dilatation of the sphincter, Table 3. Complete relief

Table 3 Intervention and clinical outcome in patients with
a paradoxical response to hormone injection

Inter- Clinical Follow up
Patient vention outcomne (mnonth) Remnark

Mi EPT Symptom free 14* Relapse
A-KL (1 Unchanged 16
IK EPT Symptom free 17
MT () Unchanged 5
AC EPT Symptom free lit Repapillotomy
JA EPT Symptom free 12 5t Repapillotomy
LJ EPT Symptom frec 15
AW EPT Symptom frec 13t Repapillotomy
FC EPT Improved 16t Repapillotomy
KM BD Symptom free 15-5

EPT Endoscopic papillotomy.
BD Balloon dilatation.
* Refers to interval papillotomy-relapse.
tRefers to time after re-papillotomy.

of symptoms was achieved in seven patients. The
remaining patient (FC) improved, but was not
symptom free, not even after repapillotomy. Three
of the initially symptom free patients (AC, JA, AW)
experienced a relapse of symptoms three to seven
weeks after the papillotomy. At control manometry
a residual sphincter activity was found in all three;
Blp values were: AC 30 mmHg, JA 28 mmHg and
AW 30 mmHg. The following ERCP revealed a
biliary tree identical to that found at the first
investigation. These patients were submitted to
repapillotomy which resulted in a relief of symptoms
during the follow up period of 11-16 months.
One patient (MJ) experienced a relapse of symp-

toms 14 months after papillotomy. Her present
symptoms are far less severe, however, and less
distinct. Re-examination by ERCP did not show any
restenosis. There was no dilatation of the bile duct
and there was rapid drainage of the contrast
medium. Manometry showed the choledocho-
duodenal gradient to be zero, absent sphincter
phasic activity and no pressure increase after a
cholecystokinin injection, which was accompanied
by a moderate and short lasting abdominal pain with
no distinct characteristics.

Discussion

Recently Hogan et all described a paradoxical
response of sphincter of Oddi to intravenous injec-
tion of cholecystokinin in five of 38 patients with
suspected sphincter of Oddi dysfunction. After
completion of our study an additional paper6 was
published in which 10 of 32 subjects thought to
suffer from biliary dyskinesia exhibited paradoxical
response to intravenous injection of cholecysto-
kinin. Our study confirms that cholecystokinin
which normally produces an inhibition of the sphinc-
ter of Oddi may cause a paradoxical increase of the
sphincter of Oddi activity. Furthermore we found
that such a response may also occur after in-
travenous injection of ceruletide which has not been
earlier reported.
Some differences in manometric findings in our

study in comparison with the two others' mav be
worth mentioning. In our study increase of the basal
sphincter of Oddi pressure was the most frequent
finding. The response was most pronounced during
the first minute of the intravenous injection, which
is in accordance with earlier findings. In that study,
however, the paradoxical response was observed
exclusively in patients with raised prestimulatory
sphincter of Oddi pressure, while in our paper five
of the patients with paradoxical response had
normal prestimulatory values. In the other study6
the predominant feature observed was an increase in
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frequency of phasic contractions. None of the
patients included in our study showed such a
response. The differences in manometric findings
might be because of the different criteria for
selecting patients for endoscopic manometry. Our
patients were investigated on the clinical suspicion
of biliary dyskinesia and they all had normal liver
tests and ERCP. The 7patients studied by Hogan et
all and Toouli et al had had not only clinical
symptoms, but also abnormal liver tests and/or
radiological findings of delayed bile duct drainage.
Furthermore there is also a possibility that the
relative rarity of the biliary dyskinesia limits the
chance of various manometric features to be ex-
posed. In fact after the completion of our study we
have observed a patient in whom the intravenous
injection of cholecystokinin resulted in an increase
of frequency of phasic contractions (4-16/minute)
accompanied by a rise of Blp and clinically by biliary
type of pain. A papillotomy was carried out and the
patient was relieved of pain.

It might be argued that the observed increase in
sphincter of Oddi pressure could be an artefact-for
example, pain which often accompanied the hor-
mone injection could cause an increase of the
intraabdominal pressure due to voluntary strain.
This seems unlikely, however, as the duodenal Blp
remained unchanged. The abnormal sphincter of
Oddi pressure after hormone stimulation could be
explained by a defective function of non-adrenergic,
non-cholinergic neurones. These normally mediate
the inhibitory effect of cholecystokinin on the
sphincter muscle, thus overriding its direct stimula-
tory effect on the sphincter.7
The results of the therapeutic intervention in

patients with a paradoxical sphincter of Oddi
response to cholecystokinin or ceruletide have not
earlier been reported. Eight of our patients have
had a papillotomy (and repapillotomy in four) or
balloon dilatation with pain relief or marked
improvement in all. Although one patient relapsed
14 months after the intervention the therapeutic
effect was lasting in the remaining patients during an

observation period of 11-16 months. We consider
this as a satisfactory result in these patients who had
had a right upper quadrant pain over a very long
period. As the present study was not placebo
controlled, however, the number of patients is fairly
small and the observation time relatively short, our
results have to be considered as preliminary.

It has been reported recently that the pain
relieving effect of intravenous injection of caerulein
in patients with biliary colic8 could be ascribed to the
relaxing effect of the hormone on sphincter of Oddi.
As shown in this study, sphincter of Oddi might
respond paradoxically in some patients and thus
aggravate the symptoms, and therefore caerulein
should be used with caution in patients with biliary
pain.
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