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Effect of intra-abdominal bupivacaine instillation on
postoperative colonic motility
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SUMMARY Effect of intra-abdominal instillation of a local anaesthetic, bupivacaine, on

postoperative colonic adynamic ileus was studied in a double blind manner in a randomised series
of patients undergoing upper laparotomy. Propulsive colonic activity was studied postoperatively
with radio-opaque markers and serial abdominal radiographs. Intra-abdominal instillation of
bupivacaine 2 mg/kg bw significantly shortened the period of postoperative colonic inhibition
(p<OO1), but did not hasten colonic transit. Furthermore, bupivacaine significantly decreased
the hyperglycaemic response to surgery. It is suggested that bupivacaine inhibits the
inflammatory response within the bowel wall, a response which may maintain the inhibitory
spinal reflexes in the postoperative period. Blood concentrations of bupivacaine were shown to
be well below toxic levels and no adverse reactions were observed.

Postoperative ileus is a well recognised phenome-
non, characterised by impaired gastrointestinal
motility leading to abdominal distension and tem-
porarily abolished defecation. Several studies have
shown that the inhibition of motility is more
persistent in the stomach' 2 and colon3 while activity
in the small intestine returns to normal within a few
hours after surgery.4 5 Despite extensive studies, the
pathophysiology of postoperative ileus remains un-
clear, although the most widely accepted hypothesis
suggests that postoperative ileus is caused by the
activation of inhibitory reflexes originating from
receptors within the gut wall and from the visceral
and parietal peritoneum.6 Two types of reflexes
originating within the intestine have been identified;
a low threshold spinal reflex and a high threshold
peripheral reflex through prevertebral ganglia.6 The
efferent pathway is sympathetic7 while the nature of
the afferent pathways remains obscure. Diverse
treatments aimed at preventing the postoperative
inhibition have been described.6 Blockade of the
efferent pathway of the inhibitory reflexes by (x- and
,B-adrenergic blocking agents has yielded contradic-
tory results.7-11 Spinal and epidural anaesthesia
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have been reported to decrease postoperative bowel
inhibition.'12-4 None of these studies was conclu-
sive, however, as very crude methods for registra-
tion of bowel motility were used and furthermore
spinal and epidural anaesthesia do not interrupt the
inhibitory prevertebral intestinal reflexes described
above.

Several authors have shown an excitatory effect of
local anaesthetics on intestinal smooth muscle both
in vitro 1 16 and in vivo,17 suggesting that these
agents act by blocking inhibitory reflexes within the
intestinal wall. Based on these observations, the
present study was done in order to evaluate the
effect of intra-abdominal instillation of a local
anaesthetic on postoperative colonic inhibition,
measured by the transit of radio-opaque markers.

Methods

PATIENTS
In a randomised, double blind study, 22 patients (15
women, seven men) undergoing cholecystectomy or
gastric operation were investigated. The mean age
and the duration of surgery did not differ signifi-
cantly between the two groups of patients. Each
patient gave informed consent for inclusion in the
study and the experimental protocol was approved
by the ethics committee at Sahlgrenska University
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Hospital, Goteborg, and by the National Board of
Health.

ANAESTHETIC PROCEDURES
All subjects fasted for at least 12 hours before the
operation. Pre-anaesthetic medication consisted of
005-0-075 mg fentanyl and 2 50-3-75 mg droperidol
intramusculary (Leptanal comp, Leo-Janssen,
Sweden). Anaesthesia was induced with sodium
thiopental (4 mg/kg). After the administration of 1
mg pancuronium to prevent fasciculations, endo-
tracheal intubation was done under suxamethonium
chloride relaxation (1 mg/kg). After intubation 3 mg
of pancuronium was given with additional doses of 2
mg as indicated during surgery. Anaesthesia was
maintained with N20 and 02 and a standardised
dose of 0 003 mg/kg/h of fentanyl. At the conclusion
of surgery 0.5 mg atropine followed by 1 mg
neostigmine were administered to reverse neuro-
muscular blockade. All the patients received inter-
costal blockade for alleviation of pain. A total of 20
ml 0.5% bupivacaine (Marcain, Astra, Sweden) was
given at the level of vertebrae Th8-Th12. Further
postoperative pain relief was achieved by intra-
muscular injections of 50 mg pethidine hydro-
chloride (meperidine hydrochloride USP; ACO,
Sweden).

TEST DRUG ADMINISTRATION
The solutions used were 0 5% bupivacaine without
preservatives (Marcain, ASTRA, Sweden) and iso-
tonic saline, prepared by ASTRA and packed in
identical packs which could not be identified by the
investigators. A dose corresponding to 2 mg/kg bw
bupivacaine was dissolved in 300 ml isotonic saline
before administration. A right subcostal incision was
made, reaching the peritoneal level. Five millilitres
of 0.5% bupivacaine were infiltrated into a small
area of the peritoneum and a small opening was
made into the abdominal cavity through which the
test solution was instilled. To ensure that the
solution was distributed all over the peritoneal
surface the abdomen was gently shaken for 10
minutes after which the peritoneal opening was
widened and the operation proceeded as planned.

MEASUREMENT OF COLONIC PROPULSIVE MOTILITY
On the night before the operation, the patients
swallowed four radio-opaque markers of different
shapes. The markers (weight 0-10-0-20 g) consisted
of 10 mm of a hollow, radio-opaque polyethylene
tube filled with barium sulphate powder and sealed
at the ends. Transit of the markers was followed by
means of plain abdominal radiographs taken im-
mediately after the operation and then every 12
hours, starting in the morning on the first postopera-

tive day, until the markers reached the rectum or
until the maximum number of radiographs allowed
had been taken. The radiographs were analysed by a
radiologist, who was unaware to which group the
patient belonged. The colon was outlined on the
radiograph and was divided into four segments;
segment 0 (caecum and ascending colon), segment 1
(transverse colon), segment 2 (descending colon)
and segment 3 (rectosigmoid). Starting from the end
of the operation, the time taken for the markers to
reach a certain segment postoperatively was re-
corded. Colonic transit time was estimated as the
time taken for the markers to reach segment 3 minus
the time taken to reach segment 1. A record was
kept of postoperative medication and of the time of
the first passage of flatus and faeces.

BLOOD CONCENTRATIONS OF BUPIVACAINE
All patients received intravenous infusions of
Ringer's lactate in the perioperative period. In five
patients not included in the motility study, 10 ml
venous blood samples were drawn into heparinised
syringes from a large, freely flowing vein distant
from the site of infusion. Six samples were drawn
from each patient: immediately before operation
and 10, 20, 40, 60, and 90 minutes after the skin
incision. Samples were also taken 10, 20, 30, 60, and
90 minutes after administration of the intercostal
blockade. The samples were kept on ice until frozen
at -20°C. The whole blood bupivacaine concentra-
tions were determined by ASTRA, Sweden, using a
standard gas chromatography technique.18

BLOOD GLUCOSE CONCENTRATIONS
Venous blood samples (5 ml) were drawn into
heparinised syringes from eight bupivacaine treated
and 11 control patients. The samples were taken
immediately before operation and 30 minutes, one
hour, four hours and eight hours after the skin
incision. The samples were analysed using a routine
glucose oxidase method.

STATISTICAL METHOD
The Wilcoxon's rank sum test was used for testing
differences between the groups. Patients whose
markers had not reached segment 2 and 3 were
included in the statistical analysis using log-rank test
for censored observations.19

Results

No side effects of the bupivacaine instillation were
recorded and there was no significant difference in
pethidine consumption postoperatively between the
two groups of patients.
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COLONIC PROPULSIVE MOTILITY
Not all patients could be followed by means of
radiographs until the markers had reached segments
2 and 3, because the maximum number of radio-
graphs allowed had sometimes been taken before
the markers had reached these positions. This was
the case in four patients in the placebo group and in
one patient in the bupivacaine group. These patients
are accounted for in Table 1. The prefix > indicates
the last time of observation of the markers in the
previous segment.

In all patients but two all four markers were found
in the caecum on the radiograph taken immediately
after surgery. In two patients two of the markers
were located in the distal ileum but were propelled
into the caecum before any propagative colonic
motility could be registered. The return of propul-
sive colonic motility postoperatively, as indicated by
the propagation of radio-opaque markers from the
caecum (segment 0) to the transverse colon (seg-
ment 1), was significantly faster in the bupivacaine-
treated patients than in controls (p<001, Table 2).
This difference in time, amounting to about 24
hours, remained significant and constant until the
markers reached the rectum (segment 3).

In the calculations of colonic transit time, only
those patients in whom the markers could be
followed to the rectum have been included. The
median colonic transit time amounted to about 24
hours (bupivacaine: 25 (8-61), control 24 (16-36);
median and range) and did not differ significantly
between the groups.
The median time and range for the first passage of

flatus and faeces postoperatively are shown in Table
2. There was no significant difference between the
two groups of patients (p>0 10).

BUPIVACAINE CONCENTRATION
Figure 1 illustrates the blood concentration of
bupivacaine during operation and after the inter-
costal blockade. The mean blood concentration
reached a peak of 029 ,ug/ml 60 minutes after the

Table 1 Time (hours) taken for the markers to reach a
certain segment in five patients who could not befollowed
until transit ofthe markers was complete

Colonic segment
Type of
operation 1 2 3 Test drug

Billroth II 91 103 >115 Saline
Fundoplication 106 >106 >106 Saline
Cholecystectomy 43 >130 >130 Saline
Cholecystectomy 100 112 >136 Saline
Cholecystectomy .58 106 >106 Bupivacaine

Table 2 Time taken for the markers to reach separate
segments ofthe colon and time elapsing before the first
passage offlatus andfaeces

Saline (n=11) Bupivacaine (n=11)

Segment Median Range Median Range p value

1 72 43-106 48 33-67 <0.01
2 91 77->130 63 40-106 <0.01
3 106 88->136 78 44->106 <0.01
Flatus 45 23-61 34 8-54 >0-10
Faeces 91 50-192 73 26-101 >0-10

instillation of bupivacaine and slowly declined
towards the end of the operation. A new peak mean
concentration of 0 33 ,ug/ml was obtained 60
minutes after the intercostal blockade. Ninety
minutes after the intercostal blockade the bupi-
vacaine concentration had decreased to 0-063 ,ug/ml.
Blood concentrations of bupivacaine were well
below toxic concentrations (2-0 ,ug/ml).20

BLOOD GLUCOSE
Significantly lower blood glucose concentrations
were observed in the bupivacaine-treated group 30
minutes, one hour and four hours after the instilla-
tion of the local anaesthetic (p<005; Fig. 2). Eight
hours postoperatively, there was no significant
difference in blood glucose concentrations between
the two groups of patients.

Discussion

The first passage of gas and faeces has generally
been used in clinical practice to indicate the return
of propagative colonic motility in the postoperative
period. In a recent .study conducted on cholecystec-
tomised patients we failed to show any significant
correlation between the time of first passage of gas
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Fig. 1 Venous blood concentrations ofbupivacaine in five
patients after intraperitoneal instillation and after intercostal
blockade.
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Fig. 2 Blood glucose concentrations during
surgery in the two groups ofpatients. *p<.02
compared with control data. Data are express
mean±SEM.

and the transit of radio-opaque marker!
in the postoperative period.21 Furthei
were great variations in the time of fir
faeces, which probably reflected indivi
tion habits. Also in this study great var
time of first passage of faeces were
significant difference between the two
be shown despite a shorter median la
bupivacaine treated patients. Because
radio-opaque markers and serial abdo
graphs is a more objective method, thi
to visualise the return of colonic propi
study.

In all patients included in the study
passed considerably earlier than ani
motility could be registered pos
(p<O0O1). Thus the results show tU
passage of flatus may be an indication
of some contractile activity in the colc
not to indicate a return of propulsive ml
findings are in accordance with previ
tions by Wilson.22
There was no significant differenci

transit time between the two groups
showing that although bupivacaine indi
return of colonic propulsion it did not h,
transit.

Intraperitoneal lavage with bupiva(
cantly shortened the period of colonic r
tion after upper abdominal surgery (p-
2). The action of bupivacaine on col
could be blockade of the afferent an(
link of the sympathetic inhibitory s

reflexes suggested to be involved in th

siology of adynamic postoperative ileus.6 In order to
study the effect of the bupivacaine instillation on
these reflexes, the blood glucose concentrations

ritoneally were followed during and after surgery. The hyper-
glycaemic response to operation is triggered by
neural impulses from the site of surgery travelling to
the central nervous system via afferent nerve fibres.

intrperitonlly The efferent link is mediated directly by sympathetic
activity on the liver and indirectly by the release of
catecholamines from the adrenal glands.23 There-
fore if the stimulation of postoperative colonic
motility in this study was due to inhibition of spinal
nervous pathways, a concomitant inhibition of the

7 8 hyperglycaemic response would be expected. We
found a significant inhibition of the hyperglycaemic
response during and up to eight hours after surgery

and after in the bupivacaine treated patients, suggesting that
5, **P<O.0J the drug does inhibit the inhibitory spinal reflexes to
ed as the gut. The inhibition of spinal reflexes triggering

the hyperglycaemic response to surgery, however,
lasted for a rather short period of time (Fig. 2).
During this time no colonic propulsive motility was

s in the colon recorded (Table 2). This suggests that the bupiva-
rmore, there caine blockade of the intra-abdominal afferent or
st passage of efferent neurones is of minor or no importance for
idual defeca- the mechanisms underlying the effect of the drug on
iations in the postoperative colonic motility.
seen and no Other possible explanations for the effect of
groups could bupivacaine on colonic motility could be blockade of
Ltency in the inhibitory enteric neurones and/or a direct action on
e the -use of the intestinal smooth muscle. The circular muscle
)minal radio- layer in the bowel has its own inherent myogenic
Ls was chosen activity and this activity is inhibited by a continuous,
ulsion in this spontaneous discharge of action potentials within

the myenteric plexus.24 25 Local anaesthetics
r, gases were produce an increase in electrical and mechanical
y propulsive activity in the intestine, as shown by Wood and
toperatively Marsch.15 The excitatory effect of local anaesthetics
iat the first was proposed to be secondary to blockade of
of the return inhibitory reflexes within the myenteric plexus,
)n but seems thereby releasing the muscle from inhibition.
otility. These In five patients not included in the motility studies
ous observa- in this series, bupivacaine (2 mg/kg bw) was instilled

intraperitoneally in order to measure the concentra-
e in colonic tions of bupivacaine in the blood. In these patients,
, of patients a pronounced increase in gastric and intestinal
uced a faster motility was observed within a few minutes after the
asten colonic instillation of the local anaesthetic, thus supporting

previous observations.26 These effects of bupiva-
caine signifi- caine should have faded away by the time propulsive
motor inhibi- motility could be recorded in our patients, however,
<0-01; Table suggesting that the initiation of colonic motility later
onic motility on in the postoperative period is not an effect of
d/or efferent bupivacaine on myenteric neurones or due to a
spinal nerve direct effect on intestinal smooth muscle.
ie pathophy- There is general agreement that postoperative

u ,
i I
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adynamic ileus is caused by the activation of nerve
reflexes.6 In view of the fact that even a short lasting
operation in the abdominal cavity may paralyse the
gut for a period of several days,4 an intra-abdominal
process which maintains these reflexes must take
place. In an ultrastructural study by Janik et al,27
extensive damage to the serosal surface of the
intestine was observed after abdominal operations.
These authors suggested that the damaged surface
may act as foreign bodies and trigger an inflamma-
tory response in the external layers of the intestinal
wall. Histamine, serotonin, and kinins are known to
be released in connection with the inflammatory
response. 8 All these agents are known to activate
free nerve endings of afferent fibres.29 It was shown
in a recent study that damage to the intestinal serosa
by several noxious agents caused an inflammatory
reaction, leading to the activation of intrinsic
nervous reflexes which could be biocked with local
anaesthetics applied to the serosal surface.3" There
is thus good evidence that the inflammatory reaction
in the serosa - for example, after mechanical
manipulation - may activate spinal and/or intrinsic
nerve reflexes.

Local anaesthetics are known to have several
properties in common with anti-inflammatory and
antihistaminic drugs as virtually all of these com-
pounds are surface active.31-33 This property of local
anaesthetics was recently confirmed in a study
showing that intravenous infusion of lidocaine
caused almost complete inhibition of the inflamma-
tory response to aseptic peritonitis in the rabbit.34

It is concluded that intra-abdominal instillation of
bupivacaine shortens the period of postoperative
colonic inhibition. The long term effect of bupiva-
caine on colonic motility in our study could be
because of inhibition of the release of nerve active
inflammatory agents, thus preventing the initiation
and maintenance of inhibitory intestinal reflexes.

This work was supported by the Medical Society of
Goteborg, Goteborgs and Bohus Lans Landsting
and by the ASTRA Research Foundation. The
authors are grateful to Dr H Evers, Medical
Department, ASTRA Lakemedel, Sodertalje, for
his help and advice.
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