
























































































































































































































1 000

800

600

95

Dilutional technique

Duodenal Drainage technique

* p<0.05
Volume

remaining
in stomach

(ml) 400 l T

200

0

5 10 15 20 25 30

Time (min)

Figure 16.3: The emptying curves obtained by the duodenal drainage and the

dilutional techniques.

T

+

I

T

T

I

T

+
J-

T

I

0



96

1 6 .4 CONCLUSTONS

We have shown that measurement of gastric emptying by the duodenal drainage technique

leads to a more rapid emptying rate only in the first 5 minutes, and that the gastric

emptying rates are comparable to those using the closed duodenal technique after the

first ten minutes.

This effect should be considered during the interpretation of results obtained by the

duodenal drainage technique. We do not, however, believe that the difference in the

emptying rate caused by the duodenal drainage technique alters the physiological

significance of our findings regarding the mechanics of emptying presented in future

chapters.
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Section D

Studies on The Mechanics of Gastric Emptying
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Chapter 17

Mechanics of Transpyloric Flow and the Role of the
Pylorus

17 .1 CONCURRENT VIDEOFLUOROSCOPY AND MANOMETRY IN

HEALTHY VOLUNTEERS

17.1 .1 Introduction

The exact role of the pylorus in controlling gastric outflow has been controversial for

years. There are conflicting data on patterns of pyloric motility during fasting and

during delivery of acid, sugars, or lipids into the duodenum. Recent studies in humans,

using sleeve manometry, have reported stimulation of localized pyloric tonic and phasic

contractions after meals, and during intraduodenal infusion of nutrients (Heddle et a/

1988b & 1988c, Houghton et al 1988a & 1988b), while earlier studies using less

reliable techniques, had failed to show such responses (Valenzuela & Defilippi 1976,

White et al 1981). The effect on gastric emptying and transpyloric flow of localized

contractions at the pyloric zone in humans, is still unknown.

The goal of this study was to assess the transpyloric f low of liquid barium

fluoroscopically during stimulation of tonic and phasic pyloric motor activity by

intraduodenal infusion of lipids.
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17 .1 .2 Methods

Subjects

Eight healthy male volunteers with a mean age of 26 (ranging from 19-42 yrs) were

studied.

Measurement techniques

Antropyloroduodenal pressures were recorded with a 15-lumen manometric

sleeve/sidehole assembly (Figure 17 .1.2) incorporating a 4.5 cm sleeve sensor with a

radio-opaque metal stiffner. The sideholes located at the upper margin of the sleeve and

al 2.5 and 5 cm orad to this level, monitored antral pressures. The sideholes arrayed at

5 mm intervals within the sleeve length allowed assessment of the spatial patterns of

pressure waves across the pylorus. Duodenal pressures were monitored from 3

sideholes O, 2.5 and 5 cm aborad from the distal sleeve end. The two sideholes at either

end of the sleeve were used to measure transpyloric TMPD gradient, for correct

positioning of the sleeve, and the most distal duodenal sidehole was also used to infuse

either saline or triglyceride emulsion into the duodenum.

The diameter of the pyloric canal and state of opening and closure of the pylorus was

assessed concurrently by videofluoroscopy, These images were recorded (3/4 inch Sony

videocassette) with subjects positioned in a prone, oblique position with the right side

down, to allow viewing of the pylorus at right angles. Occasionally, subjects were

positioned in a supine, oblique position for better fluoroscopic determination of the

pyloric canal diameter. Fluoroscopic and manometric events were correlated in time by

simultaneous recording of a superimposed image of the sleeve tracing onto the videotape

of the fluoroscopic image (using a Hewlett-Packard signal mixer).
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Study protocol

At the commencement of Phase I of the MMC cycle, normal saline was infused at 1

ml/min (4 subjects) or 3 ml/min (4 subjects) into the duodenum 5 cm distal to the

sleeve, for 5 minutes. The subjects then swallowed a 50 to 100 ml bolus of diluted

barium-sulfate suspension, and the transpyloric flow of this was observed

fluoroscopically for the subsequent 30 minutes,

After a 10 minute recovery period, a triglyceride emulsion (lntralipid 1O%) was

infused into the duodenum at rates of 1 and 3 ml/min (4 subjects at each rate) for 5

minutes. A second bolus of barium was swallowed and the distal antrum and pylorus were

examined fluoroscopically for 3 minutes.

Analysis of Data

Manometric tracings were analyzed for each 3 minute period of concurrent recordings.

Mean basal pyloric pressure (pyloric tone), referenced to distal antral basal pressure,

was determined for each 15 second period.

A sleeve detected pressure rise in absence of any discernible (10 mmHg) antral or

duodenal pressure rise (+ 2 sec), and recorded by two or less sideholes along the sleeve,

was scored as an IPPW. When there was an antral pressure wave that had occurred

within 2 seconds of the onset of the sleeve detected pressure rise, an APPW was scored.

The pyloric lumen was defined as open, closed or indeterminate for each of the 15 second

periods in which mean basal pyloric tone was measured. lf the lumen was open at any

time during the 15 seconds, the period was defined as open.
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A 2x2 table was constructed for correlation of pyloric opening or closure versus pyloric

tone. Analysis of variance was used for statistical analysis of the relationship between

pyloric tone and opening of pyloric lumen. A paired student's t-test was used for

statistical validation of the response to intraduodenal lipid infusion compared to saline

inf usion.

17 .1 .3 Results

During intraduodenal saline infusion, the dominant motor pattern was an irregular

occurrence of antropyloric pressure waves, and absence of pyloric tone and IPPWs

(Figure 17.1.3a, Table 17.1.3a). By contrast, intraduodenal lipid inf usion was

associated with suppression of antral and duodenal contractions, and stimulation of

pyloric tone and IPPWs (Figure 17.1.3b, Table '17.1.3a).

Table 17.1.3b summarizes the relationship of sleeve-recorded pyloric tone to the

presence of a barium column across the pylorus for the two conditions studied. ln 98.4%

of the 15 second periods during which pyloric tone was greater than 2 mmHg, the

pylorus was closed around the sleeve assembly. A barium column extended across the

pylorus in 97.3"/. of the periods in which basal pyloric tone was less than or equal to 2

mmHg.

All IPPWs occurred when pyloric tone was present. Consequently, the pylorus was

always closed just prior to the onset of each IPPW, There was no peristaltic pumping of

barium by lPPWs.
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ln 7 of the 8 subjects, antropyloroduodenal pressure waves occurred when pyloric tone

was absent. These waves occluded the lumen of the distal antrum as they advanced

towards an already open pylorus. Pumping of barium was observed in advance of the

lumen occluding contraction. The six APPWs that occurred in the subject in whom

pyloric tone was present during intraduodenal saline infusion, also propelled barium

across the pylorus.

The radiological outlines of the antropyloroduodenal segments were distinctly different

during the two study conditions. During the triglyceride infusion, the antrum was

globular, and because there was no emptying of barium into the duodenum, it was not

necessary to refill the antrum with barium as recordings were made. There was a deep,

static, lumen-occluding ring at the pylorus when pyloric tone and IPPWs were present

(Figure 17.1.3c). This ring was approximately 1 cm long, as judged by comparison with

the length of the spring wire which stiffened the sleeve. The appearance of the ring did

not change during the lPPWs, indicating that tonic and phasic contractions occurred in an

identical zone. The length of the pyloric lumen that was observed to be consistently

occluded correlated well with manometry, as 897o (61/65) of all IPPWs recorded

during fluoroscopy were seen in only one sidehole, indicating that the zone of localized

pyloric contraction was usually equal to or less than 1 cm in length. ln keeping with

radiological appearances, pyloric tone was recorded from the same sideholes as lPPWs.

The position of the sidehole that recorded pyloric tone and IPPWs was in accord with the

position of the lumen-occluding pyloric ring on the manometric assembly, as judged

fluoroscopically by reference to the sleeve spring wire stiffener.
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During the intraduodenal saline infusion, the antrum emptied rapidly, and so required

refilling with barium during the period of fluoroscopy. No discrete pyloric ring could be

discerned (Figure 1 7.1 .3d)



104

Side Holes
(5mm apart)

o
Og o oo

(4.5 cm)

tip

Figure 17.1.2= A schematic diagram of the manometr¡c assembly used. The

sideholes along the 4.5 cm-sleeve were 5 mm apart. The three antral and three duodenal

sideholes were 2.5 cm apart.



105

80

40

0

80

40

0

80

40

0

80

40

0

30s

Antrum

Antrum

Pylorus

Duodenum

lntraduodenal saline

Figure 17.1.3a: Manometric tracing during intraduodenal inf usion of saline

demonstrating a mixed antropyloric pressure pattern and an almost absent pyloric tone.
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Table 17.1.3a: Pyloric pressure patterns during duodenal infusion of normal

saline or triglyceride emulsion.

Duodenal lnfusate Saline Triglyceride p

Pyloric tone
(mmHg)

IPPWs
(n o/m in )

0.33 r 2.04 6.56 r 3.63 <0.0001

0.97 r 0.39 2.63 r 0.73 <0.002

IPPW = isolated pyloric pressure wave

Values are given as mean + SD
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Table 17.1.3b: Relation between pyloric aperture and pyloric tone

Pyloric lumen

Pyloric tone Closed Open

< 2 mmHg

> 2 mmHg

1

(1.6ol.)

The values are the number of 15 second periods with each condition
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Figure 17.1.3c: During intraduodenal lipid infusion, when pyloric tone and IPPWs

were present, a lumen-occlusive ring is visible at the pylorus, interrupting the flow of

barium between the stomach and duodenum.
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Figure 17.1.3d: The pyloric ring appears open during intraduodenal saline

infusion with barium flowing freely between the stomach and the duodenum.
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1 7 .1 .4 Discussion

These studies are the first in humans to examine the effect of isolated pyloric pressure

waves and pyloric tone on transpyloric flow. The observations illustrate how profoundly

intraduodenal stimuli can alter both antropyloroduodenal motility and the movement of

luminal contents.

These observations define the functional significance of the pyloric motor mechanism, as

a pyloric tone of greater than 2 mmHg above distal antral pressure occludes the pyloric

lumen and prevents transpyloric flow, This effect presumably also relies on the

suppression of antral contractions that was also produced by the intraduodenal lipid

infusion. Studies of pyloric diameter in conscious dogs by Ehrlein (1988) have produced

results consistent with those reported in the present study.

The mechanical significance of IPPWs remains unclear, as pyloric tone was always

present when IPPWs occurred, and pyloric tone alone closed the pylorus, Our

fluoroscopic and manometric data indicate that IPPWs are non-propagated contractions

localized to the zone of the tonically contracted pylorus. The use of multiple manometric

sampling points combined with simultaneous fluoroscopy shows clearly that IPPWs are

distinct from the terminal antral contractions in humans (Smith et al 1957). lt is

possible that IPPWs occurring in the absence of pyloric tone (Heddle et al 1988a) may

also obstruct transpyloric flow by "chopping" any transpyloric flow that might be

occurring between lPPWs. Such an effect could produce a more graded braking of gastric

emptying by the pylorus than could be produced by a pyloric tonic response.
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Although the methods did not allow measurement of transpyloric flow, it was apparent

that transpyloric flow occurred only when the pylorus was open, and was especially

rapid (based on radiographic filling of the duodenum) just prior to lumen occlusion by

antropyloroduodenal contractions. Similarly, pyloric closure consistently prevented

transpyloric flow.

17.1.6 Conclusions

The pylorus has a significant role in slowing the gastric emptying of nutrient liquids.

This mechanism should be considered as one among several that contributes to slowing of

gastric emptying. The other mechanisms currently recognized are fundic relaxation,

suppression of antral contractions and stimulation of duodenal resistance to flow,
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17 .2 CONCURRENT MEASUREMENT OF GASTRIC EMPTYING,

TRANSPYLORIC FLOW AND MANOMETRY IN PIGS

17 .2.1 lntroduction

There has been a major emphasis on the primary role of tonic contraction of the gastric

fundus in the control of liquid gastric emptying (Wilbur & Kelly 1973, Kelly 1981,

Minami & McOallum 1984). This view is based on measurements of gastric emptying

during barostatic control of fundic pressure, and comparison of emptying patterns

before and after fundectomy (Wilbur et al 1974) and after proximal and distal vagotomy

(Wilbur & Kelly 1973).

Pulsatile transpyloric flow accounts for the major component of gastric emptying (Klein

1926, Carlson et al 1966, King et al 1984 & 1988, Malbert & Ruckebusch 1991). lt

is difficult to envisage how proximal gastric tone could lead to this pattern of flow. Our

hypothesis was that the intermittency of transpyloric flow observed during gastric

emptying is due to intermittent rises in gastric pressure, rather than episodic opening

and closure of the pylorus. To test this hypothesis, sleeve/sidehole manometry and

transpyloric flow monitoring were used concurrently in conscious, trained pigs to

correlate gastric, pyloric and duodenal pressures with the flow of gastric contents into

the duodenum,

17 .2 .2 Methods

Studies were done on eight Kangaroo lsland pigs (38 - a5 Kg) equipped with chronic

gastric and duodenal cannulae.
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Experimental procedure

Recordings of antropyloroduodenal motility and transpyloric f low were made

concurrently for 30 minutes after the instillation of 1000 mls of saline into the

stomach via the gastric cannula, The studies were performed twice in each pig. Animals

were allowed 3-5 days rest between studies.

Recordings

Antropyloric pressures were recorded with an nine-lumen sleeve/sidehole catheter

(Chapter 13). Transpyloric flow was determined by continuous collection and weighing

of duodenal eff luent (Chapter 14). Total and corrected gastric emptying were

determined using the radionuclide technique (Chapter 14).

Statistical analysis

The values are given as means + standard error of the mean. Statistical differences were

assessed with one-way analysis of variance, and p < 0.05 was taken as significant.

17 .2.3 Results

Gastric emptying measured by duodenal drainage

The volume of saline emptied in individual animals over 30 minutes ranged from 482 to

BB4 ml (627 ! 51.2 ml). During this period, pulsatile flow accounted for 7113.5% of

liquid emptying (430 t51,0 ml) (Figure 17.2.3a). Most flow pulses (59%) occurred

during the first 5 minutes of emptying. The number and volume of flow pulses dropped

significantly after the first 5 minutes, but the duration of flow pulses remained the

same (Table 17.2.3).
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Temporal association of pulsatile flow with motor events

The onset of the rapid upstroke of the lumen-occlusive pressure wave recorded by the

sleeve was used as the time reference point for correlations of motility with flow. The

pattern of pulsatile flow was expressed by the collation of flow volumes every 2 seconds

relative to this time reference. The onset of 68% of the flow pulses preceded the sleeve-

detected lumen-occlusive pressure wave (Figure 17.2.3b). The 10 second interval

prior to the sleeve-detected lumen-occlusive pressure wave accounted for 62'k of the

volume emptied by pulsatile flow from the stomach (Figure 17.2.3c).

The factors that determined onset of pulsatile emptying were therefore analyzed further,

as presented below:

Antral Common Cavity Pressure Waves

The onset ol 58'/" of the flow pulses occurred during a distinctive component of the

antral pressure wave associated with gastric contraction. This was a prolonged 4-15

mmHg pressure wave which had an identical amplitude and pattern in all antral

manometric channels (Figure 13.5b, page 80). This component of the antral pressure

wave was called the common cavity pressure wave (CCPW), because its pattern indicated

that the entire lumen of the antrum/stomach was being pressurized as a single cavity

(Chapter 13). A second, briefer component of the antral pressure wave usually

terminated the CCPW component. Antral CCPW associated pulses accounted for 66% of

pulsatile liquid emptying over 30 minutes (Figures 17.2.3d).

There were 13,3+1,53 antral CCPWs in the 30 minutes following the liquid meal,76"/"

of which were associated with pulsatile transpyloric flow (Figure 17.3.3a, page 136). A
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second component of lumen-occlusive antropyloric or pyloroduodenal pressure waves,

terminated 93% of antral CCPWs in the terminal antrum and pylorus.

ln 96% of the antral CCPWs, onset of the pressure wave was recorded by antral side

holes up to 12 seconds prior to the sleeve-detected pressure rise (mean: 7.9 + 0.6 sec)

(Figure 17.2.3e). The antral CCPWs, however, persisted in the antrum beyond the time

of onset of distal antral or pyloric lumen occlusion. Accordingly, the pressure waves

recorded from the gastric regions that developed lumen occlusion consisted of a first

phase, in which there was communication with the main gastric cavity, and then a

pressure wave unique in pattern to that recording site. Transpyloric flow was only noted

during this first phase of antral CCPW before pyloric lumen occlusion abruptly stopped

flow (Figure 13.5b, page 80; Figure 17.3.3a, page 136).

Volume of flow pulses associated with gastric contractions

Gastric contractions associated with CCPWs had a mean pulse volume of 29.1 + 2.31 ml,

significantly higher than the flow pulses associated with antropyloric contractions

which were not preceded by CCPWs (mean 11.9t1.2 ml) (Figure 17.2.3d).

Furthermore, only 2O"/. ol the contractions of this second type were associated with any

flow pulse.

ln the first 5 minutes after the saline meal, when most antral CCPWs occurred, there

was no correlation between the volume of flow pulses and the total duration (r=0.'lg) s¡

maximum amplitude (r=0.12) of antral CCPWs. There was, however, a linear

relationship (p<0.01 , r=0.72) between flow pulse volume and the duration of the "first

phase" of antral CCPW (Figure 13.5b, page 80; Figure 17.3.3a, page 136); that is, the

time from onset of the antral CCPW to occurrence of the sleeve-detected lumen-
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occlusive pressure wave. When this first phase was less than 3 seconds, pulsatile flow

either did not occur or was of very small volume (Table 17.Z.gb).

Flow patterns of pulsatile emptying

The flow pulses all had a similar pattern, with flow peaking abruptly within the first 2

seconds and then subsequently falling off less rapidly. The highest peak flows occurred

in the pulses that had the longest flow (first phase of CCPW) intervals (p<0.05)

(Figure 17.2.31).

Ef f ect of intra-gastric volume on pulsatile emptying and pressure

patterns

ln order to assess the influence of intra-gastric volume on pressure and flow patterns,

comparisons were made between the periods during which the first and second 330 ml of

the instilled saline were emptying. Table 17.2.3c summarizes this comparison. When

compared to the second third, the first third of emptying had many more episodes of

pulsatile flow and gastric CCPWs per unit time, and mean flow pulse volume was over

three times greater.

Non-pulsatile emptying

Over the full 30 minute observation period, the mean non-pulsatile transpyloric flow

was 7.3 t 0.8 ml/min and accounted for 31'/" ol observed liquid emptying. Non-

pulsatile flow decreased slightly over time, but this decrease did not reach statistical

significance (p=0.07) (Figure 17.2.3a). Non-pulsatile flow occurred between episodes

of gastric CCPW, phasic antropyloric and isolated pyloric pressure waves, and was not

associated with a measurable transpyloric pressure gradient.
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Figure 17.2.3a; Volume of liquid emptying in pulsatile and non-pulsatile fashion

in the first 30 minutes after a test meal consisting of 1000 ml of saline.
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Table 17.2.3: Characteristics of flow pulses during the first 10 minutes after

the test meal of 1000 ml of saline.

0-S min 5-10 min

Duration oî flow pulses

(sec)

Volume of flow pulses

(mt)

Number of flow pulses

per 5 min

5.6 I 0.58

24.2 t 3.14

12.0 ! O.44

5.7 r 0.49

14.4 + 1.72*

3.8 t 0.71*

Values are given as mean + SE, * p<0.01
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17.2.3b: Time of onset of flow pulses
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Figure 17.2.3 b&c: Analysis of timing of onset of transpyloric flow pulses

(17.2.3b), and total volume of pulsatile emptying (all studies) (17.2.3c), in relation

to sleeve detected pressure rise (SDPR) indicated by the dotted line.
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Figure 17.2.3d= Comparison of volume of flow pulses associated with antral CCPW,

or antropyloric pressure waves (not associated with a CCPW), and their relation to the

time of instillation of saline meal.
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Figure 17.2.3e2 Timing of onset of all recorded antral common cavity waves (from

I studies) in relation to sleeve detected pressure rise (SDPR), indicated by the dotted

line.
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Tabfe 17.2.3b= Relationship of the duration of the first phase of antral CCPWs to

the volume of pulsatile flow in the first 5 minutes. The first phase is the interval

between the onset of the CCPW and the onset of the sleeve-detected lumen-occlusive

pressure wave.

Duration of first phase of CCPW

<3sec >3sec

Total number of CCPW

Duration of "f irst phase"

of CCPW (sec)

Volume of flow pulse

per CCPW (ml)

49

1.7 r 0.16

2,8 I 0.56

84

11.2 + 0.53*

33.0 + 2.53*

Values are given as mean + SE, * p<0.01,
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Table

volume.

emptying

17.2.3c= Relationship of motor events and transpyloric flow to intragastric

Values are given for the two time intervals, during first and second third

f irst third

emptying

second third

emptying

duration of the emptying

for each third (min)
4.7 + 0.47 21.7 + 1.6*

7.4 ! 2.0

9.6 + 1.7*

6.2 t 1.4

20.4 + 4.3*

number of flow pulses 11.4 t 1.1

flow pulse volume (ml) 30.3 t 3.2

number of antral CCPWs 7.1 t 0.7

number of antropyloric 7.4 ! O.8

pressure waves

Values are given as mean + SE, * p<0.05.
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17 .2 .4 Discussion

The measurement approaches used have allowed novel and precise temporal correlation

of transpyloric flow with intraluminal pressures. This correlation has revealed a

previously unrecognized mode of gastric pumping: sustained, phasic pressurization of

the entire antrum, and thus of the gastric cavity, produced possibly by an advancing

non-lumen-occlusive gastric contraction. This relatively long-lasting elevation of

intra-gastric pressure produces an hydraulically significant transpyloric pressure

gradient, which is apparently sufficient to cause relatively high volume pulsatile flow in

the absence of gastric luminal closure. This pattern of pumping has some similarities

with cardiac ejection even though only a portion of the gastric musculature is

contracting at any particular moment.

The manometric pattern of the antral common cavity wave has probably not been noted

previously by others because of its relatively small amplitude and plateau pattern, when

compared to the sharp up-stroke and high peak values of antral pressure waves

associated with lumen occlusion. Attention has focused previously on lumen-occlusive

pressure waves (Treacy et al 1990, Malbert & Ruckebusch 1991) in the belief that

they are the sole mechanism responsible for pumping through progressive lumen

occlusion along the antrum, akin to the well defined mode of pumping by oesophageal body

peristalsis. At least in the circumstances of the studies described in this chapter,

tensioning of the entire gastric wall and pressurization of the entire gastric cavity was

more important than lumen-occlusive pumping.

There was substantial variation in the volume of pulsatile flow associated with CCPWs.

Our analysis shows that the highest pulse volumes occurred with CCPWs that had the
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longest intervals between their onset and the occurrence of distal antral/pyloric lumen

occlusion. The mechanical basis of prolonged antral CCPWs requires radiological

evaluation. lt is likely that such CCPWs would occur when the stomach is filled and when

non-lumen-occlusive gastric contractions are relatively forceful, and so cause major

constriction high in the stomach. Our more extensive data with manometry alone showed

no relationship of the transpyloric pulse volume to the maximum pressure of the antral

CCPW. This finding initially seems somewhat contradictory to the concept of non lumen-

occlusive pumping. Possibly though, the pressure generated by a non lumen-occlusive

contraction in a fluid distended stomach depends not only on the force generated by the

contraction, but also on the resistance to flow provided by the pylorus and proximal

duodenum. We did not measure these variables, as manometry does not recognize

variations in pyloric ring diameter, short of closure, which could influence the

resistance to transpyloric flow driven by the low pressure seen in antral CCPWs.

Variations in pyloric ring diameter have been reported in dogs with studies that used the

inductographic method for monitoring of pyloric diameter (Ehrlein 1988).

Earlier studies have suggested an important role for the pylorus in the control of gastric

outflow (Chapter 17.1). lntestinal infusion of nutrients is associated with isolated

pyloric contraction and retardation of transpyloric flow (Heddle et al 1988b &19BBc,

Chapter 17.1). However, very little is known of the regulatory influence of the pylorus

on gastric outflow of ingesta during conditions of emptying. The manometric technique

used has allowed correlation of the relationship of the timing of pyloric closure to the

antral CCPW. The findings are consistent with those of Carlson et al (1966) in

unanaesthetized dogs, who found that the timing of pyloric closure varies in relation to

antral contraction. Carlson's estimates of flow pulse volumes by fluoroscopy of radio-

opaque content were crude, but they support the concept that variation of the timing of



pylor¡c closure in relation to non lumen-occlusive antral

determinant of the degree of propulsion and retropulsion

contraction.

contraction

during any
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is a key

individual

The conclusions of this study depend heavily on the accuracy of the timing of

transpyloric flow. The method used for duodenal drainage was designed to give as accurate

an indication as possible of the timing of flow into the proximal duodenum by the use of a

carefully sited catheter, and a suction system. Prior studies have evaluated the time

delay of this system by direct, accurately timed delivery of known amounts of liquid into

the proximal duodenum and observation of the flow registration by the collection system

(Treacy et a/ 1990). The fixed time delay factored into our measurements was derived

in this way and showed little variation with repeated testing of simulated pulsatile

emptying into the proximal duodenum. Thus, it is reasonable to believe that the timing of

flow was recorded with an accuracy of about 0.5 seconds. This accuracy allows us to be

confident that the episodes of pulsatile flow were indeed related to times when gastric

CCPWs were occurring in the stomach, given the duration of those waves.

Care is needed in the analysis of the relatively low amplitude antral CCPWs. Pressures

must be recorded concurrently, preferably from at least 2 points in the duodenum, as

this makes it possible to distinguish antral CCPWs from low amplitude increases of

intra-abdominal pressure produced by sustained slight straining. Such straining

elevates both duodenal and gastric pressures symmetrically. The very proximal

duodenum is not the ideal point for monitoring of intra-abdominal pressure under these

experimental conditions, as very high volume pulsatile flow appeared, at times, to

pressurize the duodenal bulb to the gastric cavity pressure during antral CCPWs. A more
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distal duodenal side-hole is preferable, or possibly a rectal catheter, as an independent

indicator of intraperitoneal pressure.

The analysis of pressure and flow required a time reference point in relation to the

gastric contraction cycle. Because lumen occlusion occurred most often at the pylorus as

a result of gastric contraction, we elected to use the sleeve-recorded onset of pyloric

lumen occlusion as the reference point. This should not be taken to imply that we

considered this a fixed point in the gastric contraction sequence. There is a second

consideration about the use of the sleeve detected pressure rise as the time reference.

This pressure rise can be generated by a contraction anywhere along the sleeve span -

that is, in the last centimetre or so of the distal antrum, the pylorus itself, or the

proximal duodenum (Heddle et al 1988a). The degree of inaccuracy that would have

resulted from this is relatively unimportant, given the long time scale over which flow

and antral CCPWs occurred.

The experiments were done in the absence of any significant duodenal distension or

duodenal nutrient stimulation, Such stimuli produce substantial alteration in the

patterning and vigor of antropyloric contraction. Correlation of intra-gastric pressure,

transpyloric flow and wall motion are highly desirable and can be achieved with the use

of concurrent videofluoroscopy (Chapter 17.3).

17 .2 .6 Conclusions

This study demonstrates that the primary method of gastric pumping in a fluid-distended

stomach is by pressurization of the gastric cavity, recorded manometrically as common

cavity waves. The mechanical generation of antral CCPW needs further investigation.



130

17 .3 CONCURRENT MEASUREMENT OF WALL MOTION, MANOMETRY

AND FLOW

17.3.1 lntroduction

ln order to establish the gastric contractile pattern responsible for generating antral

CCPWs, we measured either wall motion by fluoroscopy, or wall tension by strain

gauges, concurrently with gastric pressure and transpyloric flow monitoring.

17 .3 .2 Methods

Concurrent manometry and videofluoroscopy

ln three pigs, antropyloroduodenal pressures were measured after instillation of 10OO

ml of dilute barium concurrently with the videofluoroscopic recording of gastric

contractile activity. While standing in the sling, the pigs were elevated 1 meter off the

ground with a hydraulic jack so that the C-arm of the X-ray machine (Siemens,

Germany) fitted around the animal in the horizontal plane. After instillation of a

mixture of 900 ml saline and 100 ml liquid barium, stomach images were recorded on

videotape (AG-6500-4, Matsushita Electric lndustrial Co. Ltd., Osaka, Japan) at 25

frames per second. Recordings were started immediately after the instillation of a

saline/barium mixture and continued for 6 minutes. The x-ray tube was then allowed to

cool for two minutes and the stomach was screened for a further 6 minutes.

A video-timer (Biomedical Engineering, Royal Adelaide Hospital) synchronized the

videofluoroscopic images and the manometric recording, enabling precise temporal

correlation between images and pressures. lmages were analyzed by a radiologist, who
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was blinded to the manometric and flow data. The site of origin, timing and propagation

of each gastric wall motion were scored.

Concurrent manometry and strain gauge recording

ln three other Kangaroo lsland pigs (35 - 41 Kg), 3 strain gauges were sutured to the

serosa of the stomach; on the fundus, corpus and antrum (Figure 17.3.2), at the same

time as implantation of gastric and duodenal cannulae. The long axis of the strain gauges

was at right angles to the circular muscle layer. The leads of the strain gauges were

exteriorised through a subcutaneous tunnel between the shoulders of each animal.

Concurrent measurements of gastric emptying, transpyloric flow and wall tension were

carried out after the 6 week recovery period.

The miniature Wheatstone bridge curved strain gauge transducers (Micromeasurements,

USA) (Ruckebusch & Brady 1982), were used to record phasic motor activity of the

fundus, corpus and antrum. The strain gauges were activated by external half bridge

completion within the polygraph amplification module. The strain gauges were calibrated

before implantation using the procedure of Gill ef a/ (1990). This calibration was

stored in the memory of the computer used for data acquisition.

Outputs of the polygraph from manometric and strain gauge channels were recorded on

the polygraph chart paper and also digitized and stored on disc in a computer (Chapter

13).

Complex wave forms from the strain gauge signals, which were recorded within the same

baseline elevation, were considered as clustered. Manometric and strain gauge
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recordings were considered to be from the same region on the basis of estimates of the

spacing of the sideholes relative to the position of the sleeve relative to the pylorus.

These estimates were related to the distance of implanted strain gauge from the pylorus,

as determined at the time of implantation.

1 7.3.3 Results

Concurrent manometry and videofluoroscopy

The stomach and pylorus were observed radiologically in full during 14 antral CCPWs in

three pigs, over a total observation time of 36 minutes. All of the gastric CCPWs were

associated with contractions which produced a ring of constriction in the gastric outline,

which propagated from the corpus into and along the antrum, This ring of contraction

became lumen-occlusive only at the distal antrum and pylorus. ln another 17 CCPWs

recorded during fluoroscopy, animal movement and the limitations of the fluoroscopic

equipment resulted in incomplete imaging of gastric wall motion. ln all of these

incompletely imaged events, the CCPW was also temporally associated with clear

constriction of the gastric wall by a propagated contraction (Figure 17.3.3a). Delivery

of contrast to the duodenum was visualized during all 14 completely imaged antral

CCPWs, as the indentation propagated down the stomach from the corpus to the pylorus.

Transpyloric flow was seen to cease when the pylorus closed, in close temporal

association with the upstroke of the sleeve-detected lumen-occlusive pressure wave.

Fluoroscopy showed a second distinct pattern of gastric contraction. This originated in

the mid or distal antrum as a lumen-occlusive contraction, which then propagated to the

pylorus. Twenty-four such contractions were observed. All of these were associated with

phasic pressure waves which also indicated occurrence of lumen occlusion since they had
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differing shapes and amplitudes at each antral and pyloric side-hole. None of these

antropyloric contractions were associated with a prior antral CCPW of the pattern

described above, in either the antrum or the main gastric cavity, above the highest point

of lumen occlusion.

Correlation of wall tension and intraluminal pressure

At both body and antral level, the strain gauges indicated either a monophasic tensing of

the gastric wall, or a cluster of up to 3 closely associated changes in tension (Figure

17.3.3b). Not all strain gauge recorded clusters were, however, associated with

manometric pressure waves or transpyloric flow (Table 17.3,3). ln the first 15

minutes, 87"/" of strain gauge recorded wall motions were associated with manometric

CCPWs and 95% were associated with transpyloric flow, During the second 15 minutes,

however, when the volume of saline in the stomach was much less, only 23% of strain

gauge clusters were associated with CCPWs and 35% associated with flow. The number of

undulations of the baseline tension per cluster remained the same throughout the study

(2.2!0.19 in the first 15 minutes versus 2.4!0.20 in the second 15 minutes).

Sensitivity of Manometry

ln the first 15 minutes, comparison of strain gauge and manometric recording in over

50 waves showed an almost perfect relationship between gastric CCPWs and episodes of

wall motion recorded by the corpus strain gauge. Time independent representation of

force (strain gauge) versus pressure changes (manometry) forms a hysteresis

suggesting a different detection speed between strain gauge and manometry (Figure

17.3.3c). The onset of wall motion was first recorded by the strain gauge; hence the

first half of the ascending part of the hysteresis curve was horizontal. Once the

contraction was detected by manometry, there was a good correlation (r=0.67) between
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manometry and strain gauge recordings. ln the antrum, peak values were recorded first

by strain gauge and then 1.2 (!1.1) seconds after, by manometry. The descending arm of

the hysteresis curve was a symmetrical image of the ascending part,
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= STRAIN GAUGE

Figure 17.3.2= Location of strain gauges on the stomach of the Kangaroo lsland

pigs. The strain gauges were 10-12 cm apart and the most distal strain gauge was 5 cm

proximal to the pylorus.
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Figure 17.3.3a: Manometric recording of antral CCPW in association with
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Figure 17.3.3b: The strain gauge recording of an antral CCPW produced by non-
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Table 17.3.3: Comparison of strain gauge and manometry in detection of

contractions at the corpus area.

0-15min 15 - 30 min

number of clusters

per 15 min

(Strain gauge)

number oî antral

CCPWs per 15 min

(Manometry)

13.2 ! 2.21

11.5 r 2.66

7.5 + 2.3*

1.7 + 1.75*

Values are given as mean + SE, * p<0.05
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17.3.4 Discussion

Our observation of the consistent relationship of pulsatile transpyloric flow to the

subtle but characteristic pressure pattern of the antral CCPW focused our attention on

mechanical events in the stomach around this time. The fluoroscopic studies established

that antral CCPWs only occurred when the gastric cavity was being indented by a non

lumen-occlusive contraction wave as it passed towards the distal antrum. Fluoroscopy

also differentiated between contractions which produced antral CCPWs, starting in the

gastric body or upper antrum, and shorter antropyloric contractions which did not

produce antral CCPWs. These contractions originated in the mid or distal antrum,

consistent with strain gauge data.

The concept of pressurization of a fluid-filled cavity by a non lumen-occlusive

propagated contraction has been illustrated in studies on the oesophageal body by Mittal

et al (1990). With fluid in the oesophagus, and the distal oesophagus obstructed,

oesophageal body common cavity pressure waves occurred when an advancing oesophageal

body peristaltic contraction failed to occlude the lumen. This model aids understanding of

what appears initially to be a paradox - that is, generation of a synchronous, identical

pressure pattern within the lumen by a truly peristaltic contraction. ln the case of the

stomach, this is a normal mode of functioning. Awareness of this will allow more

eff ective interpretation of gastric motor f unction through intraluminal pressure

recordings.

The stroke volume of non-lumen-occlusive pumping is not limited to the volume that is

trapped distal to a lumen-occlusive contraction traveling aborad, and therefore, it has

the capacity to expel large volume pulses from the stomach, as shown in the last series
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of studies (Chapter 17.2). The analysis of the impact of gastric volume shows that this

method of pumping is most important at relatively high gastric volumes. Presumably a

greater degree of gastric filling gives greater potential for phasic pressurization of the

entire gastric lumen by a propagating, constricting contraction. lt should be noted

though, that this mechanism of gastric pumping occurs well within the normally

encountered physiological range of gastric volume seen in pigs, since we have observed

that pigs will readily drink volumes in excess of one liter within a very short time

interval.

The fluoroscopic observations made concurrently with manometry, were limited in

scope by major technical factors. Most importantly, we had access only to a mobile x-

ray unit, and correct positioning of the pigs relative to the C-arm of the x-ray machine

required them to be elevated in their frames with a hydraulic jack. The need to study the

animals when conscious also limited the scope of the imaging. However, the observations

that were made were sufficient to determine the relationships among gastric wall

motion, gastric lumen occlusion by contraction and transpyloric flow.

1 7.3 .5 Conclusions

This study demonstrated that manometry can record pressure events caused by non-

lumen occlusive gastric contractions. However, it should be emphasized that in the

stomach, manometry does not measure wall motion and thus the use of incorrect

terminology (like 'contraction') in describing manometric events should be avoided. The

ability of manometry to register non-lumen occlusive contractions as pressure waves is

dependent on the transmission of intraluminal pressures to the sideholes/sleeve by a

fluid medium. Therefore, its accuracy in detecting changes in wall motion of the corpus

and proximal antrum when the stomach is almost empty, is poor. Fluoroscopy or strain
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gauges are better suited than manometry to assess the gastric wall motion (tension) in

the corpus and proximal antrum under these conditions.
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Chaoter 18

lnfluence of Posture on Gastric Distribution,
Motility and Emptying

1 8.1 INTRODUCTION

ln considering gastric emptying of non-nutrient liquids, the importance of gravity in

relation to active "pumping" and "braking" mechanisms has not been clarified, lt has

been suggested that the effects of gravity on gastric emptying are "passive" - being

inf luenced by gastric conf iguration (Jonderko 1987) and affecting the pressure gradient

across the gastroduodenal junction as a result of redistribution of ingesta from the

proximal to the distal stomach, rather than related to changes in gastric motility (Hunt

et al 1965, Moore et a/ 1988).

Atropine inhibits antral contractions (Cattau et al 1984, Harada et al 1981), reduces

fundic tone (Harada et a/ 1981) and slows gastric emptying (Chernish et al 1978,

Rashid et al 1990), and also abolishes the stimulatory effect of intraduodenal nutrients

on pyloric motility (Fone et al 1989, Fraser et al 1992). Evaluation of the effects of

posture on gastric emptying, both before and after atropine, could therefore clarify the

mechanisms by which gravity affects gastric emptying. ln particular, it could determine

whether modifications in posture are associated with alterations in active gastric

"pumping" or "braking" mechanisms, or changes in intra-gastric distribution.
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The aim of the current study was to examine the effects of posture on intra-gastric

distribution and antropyloroduodenal motor function after ingestion of a non-nutrient

drink, both before and after administration of atropine.

18.2 METHODS

18.2.1 Subjects

Studies were performed in 7 healthy volunteers (four women : three men) with a

median age of 21 years (range 18 -28).

18.2.2 Experimental Procedure

Concurrent measurements of antropyloroduodenal manometry and gastric emptying were

performed in each subject on two separate days, one with the subject sitting and the

other while in the left lateral decubitus position. ln each position, 150 ml radio-labeled

saline (0.9 M) was consumed within 30 seconds. After all the saline had emptied from

the stomach (75-150 min after the first drink), a further drink of 150 ml radio-

labeled saline (0.9 M) was given. Each subject was asked to stand for 30 min prior to

ingestion of the second drink which was consumed 5 minutes after intravenous atropine

sulphate (4 mcg/kg) had been given as a bolus into an antecubital vein. Gastric emptying

was again monitored for 30 minutes after the second drink. Pulse rates were measured

every 5 minutes, before and after atropine. Both drinks were ingested during phase I of

the MMC cycle (Houghton etal1988b), and the order of the study days was randomized.

Manometry

Antropyloroduodenal motility was measured with a ten-lumen sleeve/sidehole

manometric catheter using techniques described in Chapter 13.
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Measurement of gastric emptying

Measurement of gastric emptying was carried out using previously described techniques

(Chapter 14). The first drink was labeled with 20-24 MBq of 1 13m 

' 
n

diethylenetriamine penta-acetic acid (DTPA), and the second wilh 20-24 MBq of 99mt.

sulphur colloid. Counts were taken at 30 second intervals and stored on computer for

later analysis.

1 8.2 ,3 Data Analysis

Manometric Tracings

Pressure waves were scored if their amplitude was greater than or equal to 10 mmHg

(Heddle et al 1988a). As in all studies, a minimum of 13% of the liquid remained in the

stomach at 30 minutes after the first drink. Over the 30 minute period immediately

following consumption of each drink, the following were calculated:

i. number of pressure waves subdivided according to their pattern

ii. mean basal pyloric pressure (pyloric tone) in relation to basal antral pressure,

for each minute (Heddle et al 1988a)

Gastric distribution and emptying

From the emptying curves, the following parameters (Chapter 14) were derived for

subsequent statistical analysis:

i. lag phase

the 50% emptying times for the proximal (proximal TuO) and total (total Tuo)

stomach

the time for 30% of the liquid to empty from the total stomach (TaO)

ii
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iv. the relative intragastric distribution of liquid between proximal and distal

stomach at the time when 30% of the liquid had emptied.

Statistical analysis

Data are expressed as median values and interquartile ranges, and were evaluated using

the Wilcoxon signed rank test. A p-value of less than 0.05 was considered statistically

significant in all analyses.

1 8.3 RESULTS

All subjects tolerated the study well. After atropine, there was an increase of 5.5

(range: 4.O - 7.O\ beats/min in heart rate which lasted for 5-10 minutes. No volunteer

reported dryness of mouth or blurring of vision after atropine.

Before atropine

ln the sitting position, the lag phase, the proximal TUO, and total TUO were all

significantly less than in the left lateral position (p<0.05) (Table 18.3a). At 30

minutes, 31% (range: 13-61) of the liquid meal remained in the stomach. The relative

intragastric distribution of liquid between proximal and distal stomach at the time when

30% of the liquid had emptied was not significantly different between sitting and

decubitus positions.

There were significantly more long antropyloric (p<0.05) and isolated pyloric pressure

waves (p<0.05) in the sitting position than in the left lateral position (Table 18.3b).

The total number of antropyloric waves was also greater in the sitting position, but this
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difference did not quite achieve statistical significance (p=0.07). Pyloric tone was also

higher (p<0.01) in the sitting position.

After atropine

Atropine slowed total stomach emptying in both postures (p<0.05) (Table 18.3a), but

did not affect relative intragastric distribution. After atropine, gastric emptying was

still faster (p<0.05) in the sitting than in the decubitus position.

ln the sitting position the number of antropyloric pressure waves (p<0.05), long

antropyloric pressure waves (p<0.05) and pyloric tone (p<0,01) decreased after

alropine (Table 18.3b), The mean decrease in the number of isolated pyloric pressure

waves was not statistically significant. ln the decubitus position, atropine had no effect

on the number of pressure waves or pyloric tone (Table 18.3b). After atropine, there

was no difference in antral or pyloric motility between the two postures.
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Table 18.3a: Gastric emptying in sitting and left lateral positions, before and

after atropine. Data are given as median values (ând inter quartile ranges) for 30 min.

lag period

(min)

proximal TS O

(min)
total TS O

(m in)
PID ratio

at T3g

sitting 0.5 1.0 1 4.0 0.7

(0.12-2.0) (0.5-1.0) (11.5-18.7) (0.3-0.8)

0.5 1.0 18.0 # o.4

(0-1.3) (0.6-2.0) (13.s-63.7) (0.2-0.6)

7.0 * 4.0* 28.0 * 0.4

(4.6-10.5) (1 .2-e.s) (1e.7-45.5) (0.3-0.6)

3.0 5.0 3s.0 # 0.5

(2.0-3.7) (2.2-8.7) (34.0-s5.5) (0.3-0.5)

sitting +

atropine

lying

lying +

atropine

* p<0.05 compared with sitting, # p<0.05 compared to before atropine
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Table 18.3b: Number of antropyloric (APPW) and localized pyloric (IPPW)

pressure waves and the pyloric tone for first 30 minutes after each drink in the sitting

and left lateral positions, before and after atropine. Data are given as median values (and

inter quartile ranges) for 30 min.

total APPWs long APPWs IPPWs pyloric tone

no/3Omin no/3Omin no/30min (mmHg)

sitting 10.0 3.0 36.0 4.0

0# 1 9.0 2.5 #

(0-0 ) (13.5-54.5) (1.5-4.0)

0

(6.7-11.7) (2.0-4.7) (27.0-52.7) (1.5-7.0)

sitting +

atropi ne

lying

lying +

atropine

0#

(0-4.2)

4.O 17.0 * 3.0 *

(2.2-11.7) (0-0.7) (8.2-20.0) (1.0-5.0)

4.0 1.0 20.0 2.O

(0.5-e.7) (0.2-1.0) (12.5-37.5) (0.5-6.0)

*

* p<0.05 compared with sitting, # p<0.05 compared to before atropine
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1 I .4 DTSCUSSTON

This study adds to the knowledge of the mechanics of emptying of non-nutrient liquids

from the stomach. ln particular, it has demonstrated for the first time that the effects of

gravity on gastric emptying are associated with significant modifications in antropyloric

motility.

It has been suggested that the effects of posture on gastric emptying of non-nutrient

liquids are secondary to passive changes in intragastric meal distribution, rather than

changes in gastric motility (Burn-Murdoch et a/ 1980). We observed that the faster

emptying of saline in the sitting position was associated with increases in the number of

long antropyloric and isolated pyloric pressure waves and pyloric tone. Long,

antropyloric pressure waves appear to be important in gastric expulsion of liquids,

while isolated pyloric pressure waves and pyloric tone prevent transpyloric flow

(Chapter 17, Treacy et al 1992). These observations support the concept that gastric

mechanical activity does not simply control intragastric distribution or outflow, but is

itself influenced by them. lt may be expected that changes in gastric configuration also

interact with gravity in determining intragastric distribution. The previous

observations that posture influences the rate of intragastric distribution of liquids

(Burn-Murdoch et a/ 1980) is not unexpected. lt seems probable that these effects are

primarily due to gravity rather than changes in gastric motility, particularly as the

postural effect on intragastric distribution was not altered by atropine, which reduces

gastric tone (Harada et a/ 1980), The fact that the ratio between proximal and distal

counts did not change in different postures, despite the more rapid emptying in sitting

position, suggests that as the liquid meal is redistributed from the proximal to distal

stomach, it stimulates gastric "pumping" mechnaisms which propel the distally added



1s1

fraction out of the stomach, thus maintaining a relatively constant ratio between the

portions of the meal present in the proximal and distal stomach.

Previous studies in humans (Oberle et al 1990, Rees et al 1979a) and dogs (Gieysteen

& Gohlke 1979) indicate that ingestion of non-nutrient liquids in volumes less than 2OO

ml, does not alter the fasting pattern of gastric motility. However, we have shown that

despite giving the saline drinks during phase I of the migrating motor complex, 150 ml

of saline stimulated antropyloric pressure waves, particularly in the sitting position.

The greater stimulation of antral pumping mechanisms in the sitting position could be a

response to earlier and greater antral distension caused by position-dependent

redistribution of the gastric content.

As would be expected, atropine inhibited motor activity of the antrum, and slowed gastric

emptying in both postures (Cattau et al 1983, Chernish et al 1978, Harada et at 1981,

Rashid et al 1990). However, even after atropine, liquid emptying was faster in the

sitting position when compared to the left lateral position, despite the absence of any

differences in antropyloroduodenal motility between the two postures after atropine.

While it is possible that the effects of atropine on proximal gastric tone are modified by

posture, these observations support the concept that gravity, per se, also influences

emptying of liquid from the stomach. Our study design cannot exclude an "order effect,"

i.e. atropine was, by necessity, always given before the second drink. The possibility of

such an effect occurring appears unlikely.

We did not predict the increased number of isolated pyloric pressure waves and higher

basal pyloric tone observed during conditions of rapid gastric emptying in the sitting

position. Previous studies have shown that isolated pyloric pressure waves and an
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increase in pyloric tone result in closure of the pyloric lumen and retardation of

transpyloric flow (Chapter 17.1). lt is likely that the increased frequency of isolated

pyloric pressure waves and the higher basal tone observed, resulted from stimulation of

small intestinal mechanoreceptors (Edelbroek et al 1994) to prevent overdistension of

the duodenum, which would occur as a result of excessive transpyloric flow. This concept

is supported by previous studies demonstrating that distension of the duodenum

stimulates isolated pyloric pressure waves and increases pyloric tone in both animals

(Treacy 1991) and humans (Edelbroek ef a/ 1994), The effects of posture on gastric

emptying of non-nutrient liquids would, therefore, likely be greater if it were not for

this control mechanism. The observations in this study are likely to apply to more

normal "meals" i.e. solids and nutrient liquids and larger volumes, but the influence of

gravity is likely to be modified by the tr¡gger¡ng of other control mechanisms.

1 I .5 CONCLUSTONS

The faster emptying of non-nutrient liquids in different postures is not simply due to

the action of gravity. Posture may influence the rate of intragastric distribution of a

liquid meal, which in turn effects gastric motility and emptying of the meal.
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Section E

Studies on Control of Gastric Motility and Emptying
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Ne rves o n

and Gastric

1 9.1 INTRODUCTION

Propagated, non-lumen-occlusive gastric contractions are major contributors to

pulsatile transpyloric flow in a fluid distended stomach, The volume of pulsatile gastric

outflow associated with gastric contractions is related to normal variation of the interval

between the onset of the low amplitude gastric common cavity pressure wave (CCPW),

produced by the non-lumen-occlusive phase of a gastric contraclion sequence, and the

onset of the lumen-occlusive pyloric pressure wave associated with the same contraction

sequence (Chapter 17.3).

The relationship of flow patterns of the gastric content to the timing of closure of the

pylorus relative to contraction of the antrum, has received limited attention (Cannon

1898, Carlson et al 1966, Treacy et al 1990). ln particular, the mechanism(s) which

modulate(s) variation in the relative timings of antral CCPWs and gastric contraction-

induced pyloric lumen occlusion is unknown; intramural neural pathways are the most

plausible mechanism. The existence of descending inhibitory intramural pathways

between the antrum and the duodenum has been demonstrated by antral transection in

anaesthetized dogs (Allescher et al 1988). The physiological roles of these pathways
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remain to be evaluated, but these could include modulation of the timing of pyloric

contractions relative to the antrum.

Ascending, excitatory intramural pathways between the duodenum and the pylorus have

also been demonstrated (Allescher et al 1988). lt has been postulated that these

pathways are important in the stimulation of pyloric motor function by nutrients within

the duodenum, Duodenal nutrient receptors also inhibit antral and fundic motor activity

(Azpiroz & Malagelada 1986, Heddle et al 1988b & 1988c, Treacy ef a/ 1990)

suggesting the possibility that antral intramural nerves may play a role in the duodenal

regulation of gastric motor activity.

This study was designed to investigate two proposed physiological roles for antral

intramural nerves: i) the control of pulsatile gastric emptying by modulation of the

timing of pyloric closure, and ii) the suppression of antral motility by duodenal

nutrient receptors.

19.2 METHODS

19 .2.1 Surgical preparation

Five Kangaroo lsland pigs (40 - 45 Kg) underwent studies before and after antral

transection. The first set of studies, conducted prior to transection, was done after a

recovery period of 6 weeks following the insertion of cannulae. The animals then

underwent a second operation, 10-12 weeks after their initial preparation. This

involved the complete transection of the antrum, 2 cm proximal to the pylorus, with

re-anastomosis, in an end-to-end fashion, using single layer interrupted 2-0 Vicryl

sutures and without resection of any gastric tissue. The second set of studies, post-

transection, were done after a further 6 week recovery period.
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19 .2.2 Experimental procedure and recordings

Details of the experimental protocol and recording techniques f or concurrent

measurements of antropyloric pressures, transpyloric flow and gastric emptying, after

instillation of 1000 ml of saline into the stomach, have been described (Chapters 13 &

14) .

Each pig underwent two sets of studies before and after antral transection. The protocol

was identical in the two sets of studies, except that the 5 ml/minute intraduodenal

infusion was normal saline in one set of studies and 25"/o dextrose in the other. The order

of study of the different duodenal infusates was randomized.

1 9.2.3 Data analysis

Analysis of transpyloric flow and manometric pressure waves followed previously

described criteria (Chapters 13 & 14).

19 .2.4 Statistical analysis

The values are given as means t S.E. of the mean. One-way analysis of variance was used

to compare the group means; differences were considered significant if p < 0.05.
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1 9.3 RESULTS

1 9.3. 1 lntraduodenal infusion of saline

Gastric emptying

Compared to pre-transection, antral transection was associated with a significant

reduction in the percentage of saline meal which emptied over 30 minutes (36% post-

transection versus 62k before transection, p<0.05). The time patterns of emptying are

shown in Figures 19.3.1a and 19.3,1b. Post-transection, the volume of flow pulses was

reduced by more than half (8.610.4 compared with 18.7+1 .5 pre-transection,

p<0.05). However, transection produced no significant effect on the number of flow

pulses recorded over 30 minutes (24.4t.3.2 pre-transection compared to 22.O+4.O

post-transection). Thus, the reduced volume of transpyloric flow pulses (Figure

19.3.1b) accounted for the observed reduced emptying, since non-pulsatile emptying

was not significantly changed by antral transection (Figure 19.3.1c).

Changes in gastric and pyloric motility and the impact on emptying

Transection did not alter the number of antral CCPWs (Table 19.3.1a). Notably though,

transection was associated with a significantly shorter duration of the first phase of

CCPWs (Figure 19.3.1d). This alteration was associated with a reduced volume of the

flow pulses associated with antral CCPWs. These results are presented in Table 19.3.1a.

The shorter interval between CCPW onset and occlusion of the pyloric lumen was not

associated with any changes in the total duration of CCPWs in the upper antrLlm, above

the region in which contraction sequences resulted in lumen occlusion (15.81 0.4

seconds pre-transection compared to 14.4 ! 0.4 seconds post-transection). Thus, the

effect of the transection was to move the timing of pyloric closure within an unchanged

pattern of occurrence of antral CCPWs.
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Transection was also associated with a decrease in the number of non COPW-related

distal antropyloric pressure waves (p<0.05), and an increase in the number of ísolated

pyloric pressure waves, (p< 0.05) (Figure 19.3.1e). The number of flow pulses that

occurred independently of CCPWs was unchanged after transection. The mean volume of

CCPW independent flow pulses was numerically smaller post-transectíon; this reduction

approached statistical significance (p=0,07) (Table 19.3.1b).

1 9.3 .2 lntraduodenal infusion of 25o/" dextrose

Antral transection had no effect on the potent retardation of emptying associated with

intraduodenal infusion of dextrose (Figure 19.3.2), with the majority (97% and 96%)

of the meal still remaining in the stomach after 30 minutes pre and post-transection

respectively.

Transection also did not alter the dextrose-induced stimulation of IPPWs (2.6*.0.12

compared with 2.510.38 pre-transection). The dextrose-induced abolition of

antropyloric pressure waves and antral CCPWs was also unaffected by transection.
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Figure 19.3.1a: Gastric emptying of one litre of saline before and after antral

transection, with intraduodenal infusion of saline.
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19.3.1a: PulsatileEmptying
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Figure 19.3.1b&c: Volume of pulsatile (19.3.1b), and non pulsatile

(19.3.1c) gastric emptying for the first 30 minutes after instillation of one litre of

normal saline into the stomach.



161

Pre-transection Post-transection

Antrum

Antrum

Antrum

Antrum

Sleeve
f-----l
lO sec

Pylorus

Duodenum ---^*-

Duodenum

Duodenum

Transpyloric
Flow

80 mmHg

0

80

0

80

0

80

0

80

0

BO

0

0

BO

80

t,

BO

0

80 mls

0

Figure 19.3.1d: Manometric presentation of an antral common cavity wave

recoreded before and 6 weeks after antral transection. There is considerable shortening

of the first phase of CCPW (t) post-transection, with a resultant drop in pulsatile flow.
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Table 19.3.1a: Summary of antral CCPWs and the attendant flow pulses before and

after antral transection

Control Antral Transection

number of

CCPW/pig/30min

duration oî CCPW

(sec )

duration oî first phase

oî CCPW (sec)

volume ol îlow

pulse/CCPW (ml)

14 + 1.3

15.8 + 0.4

7.9 r 0.6

25.9 t 2.7

16 t 3.4

14.4 + 0.4

3.2 + 0.3*

9.0 t 0.6*

Values are given as mean + S.E, * indicates a statistical difference (p< 0.05)
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Non COPW-associated flow pulse parameters before and afterTable 19.3.1b:

antral transection

non COPW-associated

flow pulses

Control Antral Transection

number/pig/30 min 12.4i3.8

volume oî îlow pulses

(mt)
11.9r1.2

1 413.6

8.5Ì0.5

Values are given as mean + S.E, no significant difference detected
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1 9 .4 DISCUSSION

These data indicate that antral intramural pathways have a substantial influence on the

timing of the onset of pyloric lumen occlusion, relative to the onset of antral common

cavity pressure waves. Concurrent measurements of transpyloric f low have

demonstrated that the shortening of this interval, which we have termed the first phase

of CCPW, is associated with substantial reduction of the volume of individual pulses of

transpyloric flow. There is a resultant reduction of total pulsatile emptying to less than

half of the control value. These studies have also explored the physiological importance

of ascending intramural pathways to the antrum, and have shown that duodenal nutrient-

induced suppression of antral motility persists, despite division of ascending intramural

pathways from the duodenum. This shows that other pathways are involved in the major

changes of gastric motility produced by duodenal nutrients.

With motility and gastric outflow recorded concurrently, antropyloric contractions

were shown to have a very close temporal association to pulses of outflow. This study has

shown that, although pulses of emptying are associated with phasic contractions, not all

such contractions cause gastric outflow. The volume of flow pulses and the time interval

between them varied substantially. This implies that the mechanics of individual

antropyloric contractions varies considerably, presumably under the influence of

gastric motor control mechanisms. Neural mechanisms are the most likely control; acute

physiological studies have revealed the existence of several intrinsic and extrinsic

neural mechanisms that have potent effects on gastric motility (Allescher ef a/ 1988).

The present study is one of the few that has investigated the physiological contribution of

one of these demonstrated mechanisms, intramural nerve pathways. The data show that

division of these neural pathways just above the pylorus has potent effects on the timing
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of pyloric contraction relative to gastric body/antral contraction, more than halving the

interval between pressurization of the antral cavity by non-lumen occlusive contraction

and pyloric closure, The concurrent monitoring of gastric outflow has demonstrated the

potent reduction of pulsatile outflow which occurred as a result of this intervention.

It is not a new concept that there is substantial variation in the timing of pyloric closure

relative to more proximal gastric contraction (Cannon 1898, Carlson et a/ 1966), but

attention has shifted from study of this variable to other aspects of gastric motor

function. The methods used in the present study allowed us to correlate motor events to

transpyloric flow relatively precisely. Our findings emphasize the importance of

evaluating the temporal relationships among contractions and occurrence of lumen

occlusion among different sites in the stomach. lt appears likely that the variability of

mechanical outcome of individual phasic gastric contractions depends on normal

variation of these relationships.

It is unlikely that the effects on the timing of pyloric closure reported in the present

study could be due to any factor other than division of intramural neural pathways. Our

method of transection ensured that vagal supply to the pylorus was preserved. ln acute

studies in dogs, it was demonstrated that descending inhibitory neural pathways travel to

the pylorus via both intramural pathways in the antrum and via the vagus (Allescher et

a/ 1988). Electrical f ield stimulation of intramural nerves in the mid-antrum was

shown to inhibit pyloric contraction. Allescher et al (1988) showed that these pathways

traveled intramurally, as antral transection distal to the field stimulating electrodes

abolished the inhibitory effects on the pylorus. Given our results, it appears that

intramural pathways are of major importance in controlling the timing of pyloric

closure. Our studies did not address the factors that generate and control the inhibitory
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signals that travel to the pylorus via the antral intramural pathways. Candidate

mechanisms include indirect effects from vagal inputs entering the gastric wall at a

higher level and influencing the intrinsic nervous system, and the modulatory influences

of gastric intramural sensory mechanisms and their connections. Such sensory

mechanisms include mechanoreceptors, and possibly mucosal afferent receptors and

motor programs present within the enteric nervous system.

Out of necessity, the experimental approach oversimplified the control systems that are

normally active during emptying. ln order to be able to interpret the influence of antral

intramural nerves, we standardized conditions in the small intestine, thus minimizing

the potent modulatory influences of intestinal feedback mechanisms (Gregory ef a/

1989, Treacy et al 1990 & 1992). Accordingly, the volume loading of the small

intestine was controlled for by constant infusion of normal saline into the distal

duodenum beyond the duodenal cannula. Normal saline was chosen to avoid production of

feedback effects on the stomach from the small intestine due to osmotic or caloric

stimulation (Gregory et al 1989, Treacy et al 1990 & 1992). Therefore, the described

observations relate solely to gastric functioning in the absence of any nutrient or

osmotic stimulus to the distal duodenum and small intestine. Future studies are needed to

explore the interaction of selective sectioning of nervous pathways involved in the

control of gastric motility and emptying, not only during emptying of non-nutrient

material, but also during normal digestion and absorption.

This study was also designed to test the effects of interrupting ascending neural pathways

from the duodenum to the antrum. Many studies have shown that small intestinal

nutrient receptors have a potent inhibitory effect on antral motor function (Heddle ef a/

1988b & 1988c, Treacy et al 1990). There is evidence for mediation of these effects
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both via vagal neural pathways as well as through hormone release (Mei 1983,

Allescher 1990). There is also evidence for involvement of ascending neural pathways

from the duodenum to the pylorus (Treacy et al 1992). The finding in the present study

that antral transection had no detectable influence on the inhibition of antral motility by

small intestinal nutrient loading, suggests that ascending intramural neural pathways

are relatively unimportant in the mediation of this effect. This conclusion needs to be

qualified, since it is possible that potent effects of antral transection on inhibiting antral

feedback might have been revealed with lower rates of nutrient delivery to the small

intestine. Unfortunately, it was not feasible to undertake dose response studies in the

present series of experiments.

Advances in the understanding of normal and disordered gastric emptying have been

hampered by inadequate understanding of gastric mechanics and the way that control

mechanisms modulate them. Most correlations of gastric motility with gastric emptying

have not attempted to separate the different patterns of sequencing of lumen-occlusion

due to gastric contractions, despite the knowledge that some gastric contractions expel

little, if any, of the gastric content. Our findings suggest that substantially more

progress will be made if recording methods are used that are capable of recognizing

differing mechanical patterns of phasic gastric contraction, and analysis of contractions

is based on concurrent second to second monitoring of transpyloric flow. These

approaches will allow better evaluation of the modulation of the mechanics of individual

sequences of gastric contractions, and exploration of underlying control mechanisms.

Better understanding of delayed gastric emptying is likely to result from the recognition

of the possibility that defective control of the sequencing of pyloric lumen occlusion may

be a cause of abnormal emptying in its own right. This possibility does not of course,



170

exclude the likelihood that slow emptying also results from defects in triggering gastric

contraction sequences and impairment of gastric muscle contractile function.

1 9.4 CONCLUSTONS

ln pigs, descending antral intramural neural pathways play an important role in

controlling transpyloric flow, by regulating the timing of pyloric closure in relation to

the associated gastric contraction. Antral intramural nerves are not essential for the

inhibition of antral motor function by duodenal osmoreceptors during high rates of small

intestinal glucose delivery.
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Chapter 20

Role of CCK Mechanisms in Control of Gastric
Motility and Emptying

2O.1 INTRODUCTION

There is considerable evidence that cholecystokinin (CCK), which is released in

response to ingestion of nutrient meals containing fat or protein, is important in the

regulation of postprandial gastric motility and gastric emptying. lntravenous infusions

of exogenous CCK analogues (CCK3 or CCK33) slow gastric emptying, decrease proximal

gastric tone and antral contractions, and stimulate pyloric contraction. The specific CCK

receptor antagonist, loxiglumide, has been reported to accelerate gastric emptying of

liquid and solid test meals in humans, although its effects on gastric and pyloric motility

is still not determined.

The aim of this study was to evaluate the role of a CCK dependent-mechanism in the

effects of intraduodenal fat infusion on gastric motility and gastric emptying.

20.2 METHODS

20.2.1 Animal preparation

A combination of sleeve/sidehole manometry and transpyloric flow measurement was

used to evaluate the effect of loxiglumide on the changes in antropyloric motility and

gastric emptying associated with intraduodenal fat infusion.
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Studies were done in four pigs (40-45 kg) equipped with chronic gastric and duodenal

cannulae. Venous access was obtained via a silastic intravenous cannula, which was

inserted into the jugular vein and brought out at the back of the animal through a

subcutaneous tunnel. The intravenous cannula was flushed daily with a solution of

heparinized saline (10 ml of 100 units/ml) to maintain its patency.

20.2.2 Experimental protocol

Either normal saline or oleic acid soap (13.9 g/1, 0.12 kcallml) was initially infused

into the distal duodenum via the Foley catheter at 5 ml/min, and continued until the end

of the study. Fifteen minutes after the commencement of the intraduodenal infusion,

1000 ml of labeled saline was instilled into the stomach. Recordings of

antropyloroduodenal motility and transpyloric flow and gastric emptying were made for

20 minutes after instillation of saline into the stomach.

Each pig underwent three studies separated by 2 days. The studies were done in

randomized order and were completed twice in each pig,

Study 1: intraduodenal inf usion of saline (control)

Study 2: intraduodenal infusion of oleic acid

Study 3: intraduodenal infusion of oleic acid with intravenous loxiglumide.

lntravenous loxiglumide (Rotta Research Laboratories, Monza, ltaly) was given initially

as a bolus of 30 mg/kg over 10 minutes, starting 15 minutes before intraduodenal

infusion of oleic acid, followed by an intravenous infusion of 10 mg/kg/hr for the

remainder of the study. Loxiglumide infusion was prepared by dissolving the drug in

sterile saline at a concentration of 2 grams per litre.
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20 .2.3 Recordings and analysis

Antropyloroduodenal pressure waves, transpyloric flow and gastric emptying were

measured and analyzed according to previously described techniques (Chapters 13 &

14).

2O.2.4 Statistical analysis

Data are shown as mean values t S.E.M. Repeated-measures ANOVA was used to assess

underlying variation between the three test conditions, and the Newman-Keuls test was

used to determine critical values indicating significant differences among the three

conditions (corrected alpha levels were 0,05).

2 0.3 RESULTS

The catheter was positioned correctly, according to predefined criteria for the

transmucosal potential difference (Treacy et al, 1983), for more than 98% of the

recording time. The loxiglumide was well tolerated by the animals without any apparent

untoward effect.

2 0.3 .1 Gastric emptying and transpyloric flow

With intraduodenal infusion of saline (control), total liquid emptying over 20 minutes

ranged between 353-761 ml with a mean of 57,1+6.8 % emptying, Of the total

emptying, B2+1.17å occurred as pulsatile transpyloric flow and the remainder as

nonpulsatile flow (Table 20.3,1).

Oleic acid ínfusion versus saline inlusion

lnfusion of oleic acid into the duodenum was associated with marked retardation

(p<0.05) of gastric emptying, when compared to the intraduodenal saline infusion
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(Figure 20.3.1). Only 4.2+0.5 % of the saline emptied from the stomach during

intraduodenal oleic acid infusion. The slower gastric emptying was associated with

reductions in both the number (p<0.05) and volume (p<0.05) of transpyloric flow

pulses (Table 20.3.1).

There was a significant reduction in the non-pulsatile emptying rate with oleic acid

infusion compared to saline (Table 20.3.1). However, during oleic acid infusion,

nonpulsatile emptying was the principle pattern of transpyloric flow, accounting for

98.111 .6k ol the emptying observed compared to 17.811.1% during saline infusion.

Effect oî intravenous loxiglumide

lntravenous loxiglumide prevented the retardation of gastric emptying produced by oleic

acid (Figure 20.3.1) so that emptying became comparable to that seen during

intraduodenal infusion with saline. After loxiglumide and during intraduodenal oleic acid

infusion, both the volume and number of flow pulses were greater (p<0.05), when

compared to intraduodenal oleic acid alone. The volume of flow pulses was also greater

after loxiglumide than intraduodenal saline (p<0.05). Nonpulsatile transpyloric flow

during oleic acid infusion was also increased by pre-medication with loxiglumide

(p<0.05), reaching similar volumes to that during intraduodenal saline infusion. Table

20.3.1 shows these results.

2O.3.2 Gastric and pyloric motility

Oleic acid infusion yersus saline infusion

lnfusion of the oleic acid was associated with stimulation of isolated pyloric pressure

waves (lPPWs) (p<0.05) and reductions in the number of gastric CCPWs (p<0.05),
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antropyloric (APPW) (p<0.05) and pyloroduodenal (PDPW) pressure waves (p<0.05)

when compared to intraduodenal saline (Table 20.3.2).

Effect of intravenous loxiglumide

During loxiglumide infusion, there was a reduction in the number of IPPWs (p<0.05)

and an increase in the number of gastric CCPWS (p<0.05) and antropyloric waves

(p<0.05), when compared to oleic acid alone (Table 20.3.2). When compared to

intraduodenal saline, there were fewer gastric CCPWS (p<0,05) after loxiglumide, but

no difference in the number of APPWs, IPPWs and PDPW waves (Table 20.3.2).
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Table 20.3.1: Values for overall emptying of saline meal, and the number and

volume of flow pulses in the three test conditions.

values per

20 min

i ntraduodenal
sal i ne

i ntrad uodena I

oleic acid

intrad uodenal

oleic acid+lV

loxiglu mide

amount of
meal emptied

(%)

volume of
pu lsati Ie

emptying (ml)

volume of non-

pu lsati le
emptying (ml)

number of
flow pulses

volume of
flow pulses

(mt)

57.1 +6 . B 4.2+0.5* 62.8r6.1 #

468.7r6 9.2 1.0+1.0* 493.2r67.5#

101.618.7 41 .2+6.4* 134.6r6.8#

15.8+ 1 .4 0.5+0.3* 13.0r1.3#

29.0!.2 .4 4.0+0.0* 37.3r3.4* #

mean t SE, * p<0.01 cf intraduodenal saline, # p<0.01 cf intraduodenal oleic acid
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Number of different pressure waves under the three testTable 20.3.2=

conditions.

values per

20 min

intraduodenal
sal i ne

intraduodenal
oleic acid

i ntrad uodenal

oleic acid+lV

loxiglumide

a ntropylo ric
pressure waves

isolated pyloric
pressure waves

antral common

cavity waves

pyloroduodenal
pressure waves

23.7!2.9 1.1+0.5* 22.O!5 .5#

12.8t2.8 38.0+5.9* 17 .6!2.4#

14.5r 1 .9 1 .0+0.4* 7.5+0.4*#

9.8r 1 .9 0.8+0.6* 7 .O+1 .7 #

mean + SE, * p<0.05 cf intraduodenal saline, # p<0.05 cf intraduodenal oleic acid
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20.4 DTSCUSSTON

The results of our study indicate that the effects of intraduodenal oleic acid on gastric

emptying and antropyloric motility in the pig are mediated by CCK-dependent

mechanisms.

It has been suggested that cholecystokinin is an important mediator of the changes in

gastric motility and emptying associated with ingestion of fatty meals (Chapter 6). The

CCK antagonists, loxiglumide and L364,718 (later termed MK-329) prevent the

retardation of gastric emptying by exogenous CCK infusion (Fried et al 1991b) and

accelerate the emptying of meals containing fat, protein or glucose in humans (Fried ef

al 1991b, Ricci Maccarini et al 1991) and animals (Green et al 1988, Forester et al

1990). The effect of these competitive CCK antagonists have been shown to be dose

dependent (Malesci et al 1990). Furthermore, pre-medication with these antagonists

may be necessary for them to be effective (Lloyd et al 1992). The dose of loxiglumide

used in our study has been shown to increase gastric emptying of fat-containing meals in

dogs (Niederau et a/ 1991) and humans (Ricci Maccarini et al 1991, Schmidt et al

1991). lnf usion of loxiglumíde was started 15 minutes before the intraduodenal

infusion of oleic acid in an attempt to ensure reliable blockade of peripheral CCK

receptors. The effects of loxiglumide appear to be specific on the CCK mechanisms, as

gastric emptying of meals that do not release CCK, such as saline (Green et al 1988) or

guar (Fried et al 1991b) is not affected by loxiglumide and other specific CCK

antagonists .

lntraduodenal infusion of oleic acid inhibited antral motility, stimulated localized

pyloric contractions with associated near total abolition of pulsatile transpyloric flow
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and a decrease in non-pulsatile flow. Administration of loxiglumide essentially reversed

these changes, strongly supporting the hypothesis that endogenous CCK has a major role

in mediating the effects of intraduodenal oleic acid on antropyloric motility and gastric

emptying in pigs.

Our results are consistent with previous observations that report that exogenous CCKg

inhibits antral and stimulates pyloric motor activity (Fraser et at 1993, lsenberg &

Csendes 1972, Phaosawasdi & Fisher 1982).

ln this study, loxiglumide resulted in patterns of motility and transpyloric flow which

were similar to those observed with intraduodenal saline, but there were some

differences. The greater volume of non-pulsatile emptying with loxiglumide compared to

saline, may reflect a reduction in gastric outlet resistance, an increase in proximal

gastric tone, or both of these. However, it should be recognized that, in view of the small

number of experiments, the significance of these minor differences is uncertain. Studies

in Chapter 17, have demonstrated that pulsatile transpyloric flow of liquids in pigs is

related to propagated contractions of the stomach, originating in the corpus. These

contractions are registered manometrically as common cavity pressure rises within a

distended stomach. The sensitivity of manometry to record these low amplitude pressure

ramps is related to intragastric volume, as well as distal resistance. The diminished

number of gastric CCPWs recorded after loxiglumide in comparison to intraduodenal

saline is somewhat surprising, but may reflect the technical difficulties in recording

these pressure waves because of a reduction in distal resistance.

The mechanism by which CCK influences gastric and pyloric motor function is unclear.

Based on results obtained in rats, Forester et al (1990) suggested that the initial site of
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action of CCK on the corpus and antrum is on primary afferent neurons that are also

gastric mechanoreceptors, and that this causes activation of an inhibitory vago-vagal

reflex pathway, which leads to relaxation of the body of the stomach. This theory was

supported by the observation that atropine completely abolished the CCK effect on antral

smooth muscle, and the fact that CCK infusion led to gastric hypomotility rather than

increased motility, which is the expected effect of direct action of CCK on antrat smooth

muscle.

20.5 CONCLUSIONS

ln pigs, CCK pathways are important in the retardation of gastric emptying induced by

delivery of fats into the small intestine. This is an important physiological control which

can be blocked by use of a specific CCK antagonist. This may have important clinical

implications in the treatment of patients with idiopathic gastroparesis.
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Chapter 21

Pattern of Antropyloroduodenal Motor Activity
during Gastric Emptying of a Mixed Meal after
Therapeutic Gastric Operations

21.1 INTRODUCTION

Gastric surgical procedures which involve resection, denervation or division of muscle

lead to major disturbances in gastric emptying of solids and liquids and can be associated

with unwanted symptoms such as dumping or bloating. Although studies have shown the

patterns of gastric emptying following various gastric surgical procedures, limited

direct comparison has been made between changes in gastric emptying and gastric motor

function. This study investigated the changes in antropyloroduodenal motor activity

which may contribute to changes in the normal pattern of gastric distribution and

emptying seen after three common anti-ulcer procedures.

21 .2 METHODS

21 .2.'l Subjects

Four groups of patients and volunteers were studied

Group 1: Seven healthy volunteers (CONTROL) (2 female : 5 male, with mean age

ol 24, range: 21-30) with no previous history of gastrointestinal symptoms.
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Group 2: Six patients (2 female: 4 male, with mean age of 43, range: 20-58) who

had undergone Highly Selective Vagotomy (HSV) for peptic ulcer disease, at least 1 year

prior to study (mean: 3.8 years, range: 2-6 yrs).

Group 3: Six patients (all male with mean age of 57, range: 9g-67) who had

undergone Truncal Vagotomy and Pyloroplasty (TV&P) for peptic ulcer disease, at least

1 year prior to the study (mean: 2 years, range: 1-7 yrs).

Group 4: Five patients (3 female: 2 male, with mean age of 47, range 31-58) who

had undergone Truncal Vagotomy and Antrectomy (TV&A) for peptic ulcer disease, with

either Billroth lor Billroth ll reconstruction at least 1 year prior to the study (mean: 4

years, range: 2-5 yrs).

Recruitment of patient volunteers for groups 2,3 and 4 was extremely difficult, as many

patients refused to take part in the studies which took an average of eight hours to

complete and involved nasal passage of the manometric catheter. As a result, the

proposed goal of 10 patients for each group could not be realized.

21 .2.2 Study protocol

Antropyloroduodenal motility was measured with a 10-lumen sleeve/sidehole catheter,

for 3 hours, during emptying of 1O0g s¡ 99m16-labeled beef and 150m1 o1 113m¡¡-

labeled dextrose (10%) drink.

21.2.3 Recordings and data analysis

The measurement and analysis of gastric emptying and antropyloroduodenal manometry

followed previously described techniques (Chapters 13 & 14). The positioning of the
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manometric catheter across the pylorus was more difficult and often took longer in HSV

and TV&P patients. Studies in two HSV patients and three TV&P patients had to be aborted

as the positioning took too long (>5 hours) and the patients were unable to continue.

Symptoms ascribable to abnormal gastric motor function, such as dizziness or bloating,

were recorded.

21 .2.4 Statistical analysis

Values are given as median and interquartile ranges. A Mann-Whitney U test was used to

compare the data between the three surgical groups and the controls (healthy

volunteers).

21 .3 RESULTS

21 .3.1 Gastric emptying

Liquid drink

The half emptying times of the dextrose drink are given in table 21.3.1a. Those were

significantly faster in the HSV (p=9.04) and TV&P (p=O.OOg) groups as compared to

the controls. The median Total T59 for the liquid drink in the TV&A group was extremely

variable, and not significantly different from controls (p=0.2). There was no significant

difference in proximal gastric emptying and overall retention at 170 minutes among the

four groups (Table 21.3.1a).
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Solid meal

There was a shortening (p=0,0S) of the lag phase in the TV&P group as compared to

controls, while the lag phase in the other two surgical groups was not significantly

different from controls. Solid gastric emptying, measured as percent retention at 1OO

minutes, was faster in the TV&P group as compared to controls (p=0.04), but the

percent retention at 17O minutes did not differ from control subjects (p=O.Z) (Table

21.3.1b). The percent retention at 170 minutes in the HSV and TV&A groups was not

statistically different from controls (Table 21.3.1b).

21 .3.2 Antropyloric motility

Manometrically, the only dífference between the four groups was the reduced number of

antropyloric pressure waves observed in the TV&P and TV&A groups which only reached

statistical significance in the TV&A group (p=0.0¿) (Table 21.3.2). Patients with TV&A

in whom the distal antrum and pylorus had been removed did not exhibit lPPWs, but the

rate of IPPWs in the other two surgical groups was not significantly different from the

controls, including TV&P patients in whom the pylorus had been surgically altered.

There were no significant difference in the extent of APPWs observed in the four groups.
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Emptying of liquids in healthy volunteers and patients with HSV,Table 21.3.1a

TV&P and TV&A.

Proximal stomach

Tso

(min)

Total stomach

Tso

(min)

Total Stomach 7o

Retention at

17O minutes

Healthy

HSV

1.0

(0.5-4.5 )

2.O

22.0

(22.0-5 3.0 )

14.5*

(12.0-1e.0)

7.O

(3.0-7.5 )

9.5

( 0.0- 3.0) (7.8-11.3)

TVAP 1.5 6.3* 6.0

(2.0- 8.5 )(1.0-4.0) (4.1-13.6)

TVAA 1.5 15.5 9.0

(0.0- 3.0 ) (1.8-37.0) (5.5-11.5)

Values shown are median (interquartile ranges). HSV: highly selective vagotomy;

TV&P: truncal vagotomy and pyloroplasty; TV&A: truncal vagotomy and

antrectomy. .p<0.05 using the Mann-Whitney U test.
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Emptying of solids in healthy volunteers, and patients with HSV,Table 21.3.1b:

TV&P and TV&A.

Lag period Proximal

Stomach

Tso

Proximal

stomach 7o

retention
at 170 min

Tota I

Stomach o/o

retention
at 100 min

Tota I

Stomach o/o

retention

at 170 min

Healthy
contro ls

6 0.0 5 2.0 4.5 71 .5

(35.8-76.4) (14.8-84.3) (1.0-15.0) (44.0-e4.s) (3.0-26.0)

HSV 60.0 5 9.0 5.0 73.0 33.s

(s3.0-80.0) (38.0-76.0) (2.0-1e.3) (70.0-88.0) (17.8-5e.5)

TV&P 29.O* 2 6.5 2.3* 35.0* 8.5

(14.0-48.5) (5.8-s4.0) (2.0-3.6) (15.0-51.5) (2.2-10.5)

TV&A 3 9.0 64.0 3 9.0

(e.5-119.5) (24.0-87.5) (6.5-s1.0)

Values shown are median (interquartile ranges). HSV: highly selective vagotomy;

TV&P: truncal vagotomy and pyloroplasty; TV&A: truncal vagotomy and antrectomy.
*p<0.05 using the Mann-Whitney U test. # signifies an inadequate sample size.

25.0

##
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Table 21.3.2: Number of pressure waves per minute for 180 minute duration of

study in the four groups.

IP PW
per minute

APPW
per minute

PDPW
per minute

Healthy 0.47 0.7 9 0.1s

(0.18-0.68) (0.47-1.01) (0.08- 0.64)

HSV 0.34 0.7I 0.3 3

(0.21 -0.64) (o.29-0.76) (0.1 1-0.5e)

TV&P 0.65 0.5 9 0.41

(0.1 1 -0.65) (0.45-0.82 ) (0.21-0.50)

TV&A 0.12* 0.6 4

(0.04-0.57) (0.2 7-0.64 )

Values shown are median (interquartile ranges) for 180 minutes. IPPW: isolated

pyloric pressure wave; APPW: antropyloric pressure wave; PDPW: pyloroduodenal

pressure wave; HSV: highly selective vagotomy; TV&P: truncal vagotomy and

pyloroplasty; TV&A: truncal vagotomy and antrectomy.
*P<0.05 using the Mann-Whitney U test.
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21 .4 DTSCUSSTON

Due to time limitations and difficulty in recruitment of patient volunteers, the initial

goal of 10 subjects in each group could not be realized. The small size of the study groups

limits the scope of the correlations that can be made between disturbance in patterns of

emptying and loss of different gastric motor mechanisms, but the data obtained do

support some of our earlier observations in pigs and on healthy volunteers.

As expected, patients with highly selective vagotomy and truncal vagotomy and

pyloroplasty exhibited faster liquid emptying. This is believed to be a result of vagal

denervation of the proximal stomach with resultant increase in gastric tone. Concurrent

measurement of gastric tone could not be made during this study due to technical

limitations of recording techniques available. A second series of experiments is required

to measure gastric tone in these patients.

Loss of the pyloric control mechanism may also contribute to the faster rate of liquid

emptying observed in TV&P group. The increased speed by which liquids empty from the

stomach is believed to be the primary cause of dumping syndrome in post-surgical

patients. None of our patients however, experienced symptoms of dumping after the test

meal. This may be, in part, due to the relatively small volume and low sugar

concentration (Kaushik et al 1982) of the liquid drink used.

The patients with truncal vagotomy and distal gastrectomy exhibited a wide variation in

the rate of liquid emptying. This is consistent with findings of other investigators

(Wittebol et al 1988), and may be due to a different compensatory response to the loss

of several control mechanisms, namely, increased gastric tone due to vagotomy, reduced
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gastric pumping due to antrectomy and vagotomy, and loss of the pyloric control

mechanism. A larger volume of liquids may have produced a different result.

Truncal vagotomy and pyloroplasty was associated with a shorter lag phase and faster

emptying of solids as compared to the other three groups, Loss of the pyloric "braking"

mechanism may be an important contributory factor, although the number of isolated

pyloric pressure waves was not significantly different from the controls. lt remains to

be established how eff ective isolated pyloric pressures waves are in resisting

transpyloric flow after pyloroplasty.

The TV&A subjects, which would also be expected to possess higher gastric tone due to

truncal vagotomy, and in whom the pyloric mechanism is totally removed, did not

exhibit a faster rate of solid emptying than the control subjects. This may be due to loss

of the antral pumping mechanism. We have previously (Chapter 7.3) shown that the

corpus of the stomach is also capable of generating phasic contractions which can propel

food out of stomach. But, in patients with TV&A, this mechanism could not compensate

adequately for the loss of the antrum, with reduced number of propagated gastric waves

being observed as compared to the patients with TV&P. lt is possible, however, that the

sensitivity of the manometric assembly to measure non-lumen occlusive phasic

contractions in the corpus may have been affected by the presence of a mixed meal in the

stomach. The propagated pressure waves recorded in the gastric remnant of TV&A

patients were scored as APPWs, although to be technically correct, they should have

been called differently.

The patients with highly selective vagotomy demonstrated emptying parameters which

resembled controls values more closely than the other two surgical groups. A relative
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preservation of antropyloric motor activity that closely resembled the controls, may be

a primary reason for this.

Posture and gravity will be expected to have a major role in the rate of gastric emptying

in patients with TV&P and TV&A, in whom the pyloric "braking" mechanism has been

altered or removed. This effect was not examined in this study, but warrants future

evaluation.

21 .5 CONCLUSIONS

The stomach functions as a complex pump. lts function can be altered by various surgical

procedures. Of the three surgical procedures studied, highly selective vagotomy is

associated with the least disturbance in antropyloric motor function and exhibits the

least amount of disturbance in gastric emptying patterns. This is likely the primary

factor in the smaller incidence of postoperative symptoms of dumping or bloating

reported in various series. (Goligher 1978, Jamieson 1983). This procedure should be

considered as the operation of choice in treatment of patients with peptic ulcer disease,

even though the recurrence rate of ulcers in this group is reported by some series

(Jamieson 1983) to be higher than the other two groups.
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22.1 INTRODUCTION

lnfusion of lipids into the duodenum is associated with stimulation of isolated pyloric

pressure waves and pyloric tone, suppression of phasic antral contractions, a reduction

in proximal gastric tone, and retardation of gastric emptying (Chapter 7,1, Heddle et a/

19BBc, Azpiroz & Malagelada 1986). The rapid emptying of nutrient liquids observed

afler vagotomy and pyloroplasty, which can lead to dumping syndrome, may be, in part,

due to loss of pyloric control mechanism which is capable of contributing to the

regulation of the rate of delivery of nutrients into the small intestine. The aim of this

study was to evaluate whether the intraduodenal infusion of lipids could stimulate

isolated pyloric contractions in patients with TV&P, and whether the pylorus is capable

of providing any resistance to flow of ingesta across it during liquid emptying, following

pyloroplasty.

22.2 METHODS

22.2.1 Subjects

Five male patients between ages of 33 and 67 yrs, who had had vagotomy and

pyloroplasty at least 1 year (range: 1-7 yrs) prior to the time of study.
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22.2.2 Study protocol

Gastric emptying of a 150m1 113m¡¡-¡¿6sled 10% dextrose drink was measured, in a

sitting position, both before (control period) and during duodenal infusion of 10%

lntralipid (1.5 ml/min). Concurrent measurements of antropyloroduodenal pressures

were made with a 1O-lumen sleeve/sidehole catheter.

The two drinks were given at least 3 hours apart, ensuring that the first drink had

completely emptied from the stomach and the proximal small bowel before the ingestion

of second drink. The duodenal infusion of lntralipid was commenced 15 minutes prior to

the ingestion of the second drink.

22.2.3 Recordings and data analysis

The measurement and analysis of gastric emptying and manometry followed previously

described techniques (Chapters 13 & 14). The same radio-label was used in both drinks

as the length of time between drinks ensured complete evacuation of the first drink from

the stomach and proximal intestine. There were no problems with radiolabelling of

overlapping bowel from the first drink, during testing of the second.

The pyloric tone was averaged for the first 30 minutes after each meal. The numbers of

the different pressure waves were also counted over the same time intervals.

22.2.4 Statistical analysis

Values are given as medians and interquartile ranges. Wilcoxon signed rank test was used

to compare the data between the two conditions.
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22.3 RESULTS

lntraduodenal infusion of lipid was associated with stimulation of isolated pyloric

pressure waves but not pyloric tone (Table 22.3). lt also caused suppression of antral

pressure waves, although this did not reach statistical significance (p=0.02).

Despite stimulation of IPPWs during lipid infusion, the rate of liquid emptying was not

altered from the control period (Table 22.3).
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Table 22.3 Manometric and emptying parameters before (control) and after lipid

inf usion.

CONTROL LIPID INFUSION

TSO liquid emptying

(min)

Pyloric tone

(m mH g)

lsolated pyloric pressure

waves /30 min

Antropyloric pressure

waves/30 min

6.2

(s-13)

0.5

(o-2.1)

(0-5)

13.5

(6-22)

1

6.2

(2-17)

0.3

(0-2. s)

17 .5*

(6- 1 8)

(4-32)

5

Values are given as medians (inter quartile range), * p<0.05.
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22.4 DISCUSSION

These results suggest that stimulation of isolated pyloric pressure waves by duodenal

chemoreceptors is not mediated via the vagus nerve, and is probably primarily yia the

intrinsic intramural pathways (Treacy et al 1992), and the humoral mechanisms

(Chapter 6 & 20). Failure of development of pyloric tone during lipid infusion may be

caused by the deformity of the pylorus due to pyloroplasty, and may be partly

responsible for the failure of lipid infusion to retard the emptying of liquids in these

patients. Furthermore, despite the stimulation of IPPWs by intraduodenal lipids, no

retardation of liquid emptying was observed in the TV&P patients. This suggests that

either IPPWs without pyloric tone are not obstructive to transpyloric flow, or that

pyloroplasty disturbs the effectiveness of IPPW in breaking the flow of ingesta across

the pylorus.

Partial suppression of antral motility by lipid infusion suggests that other mechanisms,

in addition to vagal pathways, are involved in this important regulatory mechanism.

Studies in Chapter 20 have shown that CCK pathways are one such important mechanism.

22.5 CONCLUSIONS

Truncal vagotomy and pyloroplasty is associated with some loss of intestinal feedback

control of gastric emptying, and loss of pyloric "braking" mechanism. Thus, in these

patients, the emptying of liquids (nutrient & non-nutrient) from the stomach, will be

expected to be faster under conditions where posture favours emptying.
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Chapter 23

Antral Compensation after Highly Selective
Vagotomy

23.1 INTRODUCTION

Highly selective vagotomy (HSV), in which the innervation of the distal antrum and the

pylorus is preserved, is associated with a near normal pattern of solid gastric emptying

(Chapter 10). This may be in part due to compensatory mechanisms which overcome the

loss of pumping function of the corpus and proximal antrum. lncreased fundic tone due to

the loss of vagal innervation may be one mechanism. Another could be a change in antral

motor patterns.

ln this study, we investigated whether patients who have had HSV have changes in distal

antral motility which could compensate for the loss of proximal motor mechanisms.

23.2 METHODS

23 .2.1 Subjects

Studies were done in four healthy volunteers between ages of 21 and 30 (mean age 24

years) and four patients between ages of 20 and 67 (mean age 42 years) who had had

HSV for ulcer disease at least one year prior to study.
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23.2.2 Study protocol

Antropyloroduodenal motility was measured with a 1O-lumen sleeve/sidehole catheter,

for 3 hours, during emptying of 100g 61 99mTs-¡rbeled beef and 15Oml 113m¡¡-¡¿5s¡s6

dextrose (10%) drink, in a sitting position.

23.2.3 Recordings and data analysis

The measurement and analysis of gastric emptying followed previously described

techniques (Chapters 13 & 14). The manometric data, in addition to being recorded by

the polygraph were also recorded on-line by a computer (Chapter 13). The computer

program was used to analyze the amplitude and duration of pressure waves observed in

the proximal antrum (6 cm proximal to the pylorus), distal antrum (2 cm proximal to

the pylorus), and the pylorus (sleeve detected). Only pressure waves with an amplitude

of 10 mmHg or greater were analysed.

23.2.4 Statistical analysis

Values are given as mean t standard error of the mean. A one-way analysis of variance

was used to compare the data between the two groups.

23.3 RESULTS

2 3.3 . 1 Gastric emptying

The patients with HSV demonstrated a more rapid liquid emptying (p<0.05) than the

controls (Figure 23.3), but solid emptying was similar in the two groups (Figure

23.3).
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23.3.2 Frequency of pressure waves

ln the HSV patients the numbers of antral pressure waves in the proximal and distal

antrum were significantly (p<0.05) less than the control group (Table 23.3). The

f requency of pyloric pressure waves was higher (p<0.01) than proximal or distal

antral pressure waves in both groups, and not significantly different between the two

groups.

2 3 .3 .3 Amplitude of pressure waves

ln the HSV group, in comparison to the controls, the amplitude of pressure waves were

significantly (p<0.05) lower in the proximal antrum, but significantly (p<0.05)

higher in the distal antrum (Table 23.3), The mean amplitude of the few pressure waves

recorded in the proximal antrum was higher than the mean amplitude of pressure waves

recorded by the sleeve, in both groups.

23.3.4 Duration of pressure waves

Duration of pressure waves followed the same trend as the amplitude (Table 23.3), with

the HSV patients exhibiting a shorter duration proximal antral and longer duration distal

antral pressure waves, in comparison to the controls. The duration of pyloric (sleeve

detected) pressure waves was longer than antral pressure waves in either group.
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Figure 23.3: Liquid and solid emptying in patients with HSV, and the control group
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Table 23.3= Frequency, amplitude and duration of proximal antral, distal antral and

pyloric pressure waves over the 3 hour duration of study.

Proxima I

Antrum

D ista I

Antru m

Pylorus

Frequency

(per hour)

Amplitude

(mm Hg)

Duration

(sec)

Øvtw_

usv

ævrm_

IISV

ØvtFø_

tlsv

1.911.0t

o.6+0.4t *

30.113.0t

22.2+1 .5t*

16,8r2.6t

9.0r1.5t*

19.211.1

24.8+3.11*

39.6+3.4

43.8r4.0

13.311.7

14.7lO.7

2.7 !0.13

2.g+.O.2

2.0r0.3t

1.1f0.06t*

1.0t0.02t

2.4tO .3*

values shown are mean + sE, *p<0.05 compared to control, t p<0.05 compared
with pylorus.
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23.4 DISCUSSION

The observed changes in liquid emptying are consistent with earlier results (Chapter

21). This study used a computer analysis of all contractions recorded in the two antral

sideholes (2 & 6 cm proximal to the sleeve) and the sleeve sensor (pyloric). We

analyzed all pressure waves recorded by these channels irrespective of whether they

were isolated pressure waves or part of a sequence i.e. an APPW or PDPW.

The reduced number of antral pressure waves observed in the HSV group may suggest

that antral motility is disturbed after this procedure. However, in an earlier study,

where patterns of antropyloric pressure waves were scored, HSV was found not to be

associated with any significant change in the number of Bf_opag_ated antropyloric

pressure waves during emptying of a mixed solid/liquid meal, in comparison to healthy

volunteers (Chapter 21).

The observed reduction in the number of antral pressure waves in the proximal antrum

was expected, but the similar finding in the distal antrum was not. lt is generally

believed that preservation of distal antral innervation in HSV, helps to maintain the

motor function of the distal antrum (Hould et al 1994). These results, if confirmed with

a larger sample size, may suggest that denervation of the proximal stomach will also

significantly effect the motor activity of the distal antrum, despite maintaining its direct

vagal input.

The decrease in amplitude and duration of proximal antral pressure waves in comparison

to controls, supports the hypothesis than proximal vagal denervation disturbs proximal

antral motility in HSV patients, The effect of an increase in amplitude and duration of
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distal antral contraction is not known. lt is possible that such changes may be

compensatory, and associated with more effective "pumping" of ingesta across the

pylorus, by the distal antrum.

There were more frequent pressure waves recorded by the sleeve than any of the antral

sideholes. This is not surprising as the sleeve would record any pressure rise related to

APPWs, lPPWs, or PDPWs. The lower amplitude of pressure waves recorded by the

sleeve in comparison to proximal antral sidehole may be related to two factors: i- a

difference between the sleeve and sideholes in recording the pressure wave amplitude,

ii- the fact that the number of pressure waves recorded by the sleeve was more than

proximal antral sidehole by a factor of 20-40 times, thus the few pressure waves

recorded in the proximal antrum may have had to been of considerable amplitude to

achieve lumen occlusion and be recorded.

It is widely recognized that the pyloric pressure waves tend to be of longer duration than

antral or duodenal pressu,re waves (Heddle et al 1988a). The mechanical significance of

this is not known, but it is postulated that this will allow for a more effective arrest of

transpyloric flow when the pylorus contracts.

2 3 .5 CONCLUSIONS

The relatively small number of subjects studied does not allow us to reach firm

conclusions, but even as a pilot data, the results suggest that after highly selective

vagotomy, some changes in the amplitude and duration of distal antral contractions is

observed. These changes may partially compensate for the loss of proximal and distal

gastric motor mechanisms after proximal gastric denervation.
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Section G

Design of Pylorus Preserving Gastric Surgery
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Chapter 24

Use of a Muscle Bridge to Maintain lntramural
Connect¡ons after Antral Transection

24.1 INTRODUCTION

Preservation of the pylorus has been proposed as a means of minimizing the disturbance

in the normal pattern of gastric emptying which follows distal gastrectomy (Maki et a/

1967, Cherniakevich & Ettinger 1988). Pylorus-preserving gastrectomy, however,

has failed to gain popularity among surgeons due to concerns that poor pyloric function

that may occur after such surgery may lead to gastric retention (lsono & Kelly 1979,

Griffith 1974).

ln an earlier study, we have shown that the time interval between pyloric contraction

and the preceding gastric contraction is a major determinant of the volume of attendant

pulses of transpyloric flow (Chapter 17). Division of antral intramural nerves, which

occurs during a gastrectomy, alters this timing and leads to a delay in gastric emptying

(Holle et al 1994). Following the complete interruption of antral intramural nerves,

the pylorus closes early in relation to the associated gastric contraction and thus reduces

the volume of attendant pulsatile flow (Chapter 19). As a result of these findings, we

sought to test whether preservation of a limited pathway for descending intramural

signals would preserve the coordination of pyloric motility and thus, reduce the

disturbance of gastric emptying. A muscle bridge has previously been used in the ileum

to preserve intramural connections (Collin et al 1979). Our aim was to determine if
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preservation of a 1 cm wide bridge of muscle in the antrum could maintain the

intramural signals between the transected portions of the antrum.

24.2 METHODS

24.2.1 Surgical preparation of p¡gs

Ten Kangaroo lsland pigs (40 - 45 kg), with chronic gastric and duodenal cannulae were

used.

The pre-transection studies (control) were performed after a recovery period of six

weeks following the insertíon of cannulae. The animals then underwent a second

operation 10-12 weeks after their initial preparation. ln five pigs (Group 1), the

antrum was completely transected 2 cm proximal to the pylorus and re-anastomosed, in

an end-to-end fashion, using single layer interrupted 2-0 Vicryl sutures (Ethicon,

USA) and without resection of any gastric tissue. ln the second group of five pigs (Group

2) the antral transection was kept incomplete by leaving a 1 cm bridge of muscle intact.

Post-transection studies were done after a minimum recovery period of six weeks.

24.2.2 Experimental procedure

Recordings of antropyloroduodenal motility and transpyloric f low were made

concurrently for 30 minutes after instillation of 1000 mls of saline into the stomach

via the gastric cannula.
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24.2.3 Recordings and data analysis

The recording techniques and the analysis followed previously described methods

(Chapters 13 & 14),

24.2.4 Statistical analysis

The values are given as means t S.E. of the mean. The differences between the groups

were compared using ANOVA; differences were considered significant if p<0.05.

24.3 RESULTS

24.3.1 Gastric emptying

ln Group 1 animals, antral transection was associated with marked retardation of gastric

emptying (Figure 24.3.1). By contrast, subtotal antral transection did not alter

emptying when compared to pre-transection studies.

24.3.2 Pulsatile transpyloric f low

Total antral transection was associated with significant reduction in the volume of

transpyloric flow pulses but the number of pulses did not alter (Table 24.3.2). ln the

subtotal transection animals, transpyloric flow pulses remained at pre-transection

levels.
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24.3.3 Manometry

ln both groups, the transection of the antrum did not alter the number of antral CCPWs

(Figure 24.3.3a), but the interval between the onset of the CCPWs and pyloric closure

was significantly shortened after total antral transection (Figure 24.3.3a). There was

no change in the duration of the first phase of CCPW after subtotal antral transection.

ln both groups, antral transection was associated with a significant reduction in the

number of short APPWs (p<0.05) (Figure 24.3.3b). An increase in the number of

IPPWs was seen in both groups but did not reach statistical significance (Figure

24.3.3b). The number of PDPWs remained unchanged after transection in both groups

(Figure 24.3.3b),
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Table 24.3.2: Volume and number of transpyloric flow pulses

co ntro I antral

tra nsection

antral transection

+ muscle bridge

number of flow

pulses /30 min

volume of flow

pulses (ml)

24.4!3.2 22.O!4.0

18.7+1.5* L610.4

22.3!2.7

21 .2!1 .1*

Values are given as mean + SE, r p<0.05 compared to antral transection
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24.4 DISCUSSION

We have shown that a one centimetre bridge of muscle maintains enough intramural

neural connections to preserve the normal relation between timing of antral and pyloric

lumen occlusion during a propagated antropyloric contractile sequence. The preservation

of this timing is associated with the maintenance of a normal pattern of pulsatile

emptying of gastric contents, even after antral transection. This has important

implications to pylorus preservation in distal gastrectomy, which has been associated

with delayed gastric emptying (Griffith 1974, lsono & Kelly 1978). The study did not,

however, test the impact of antral resection combined with preservation of a muscle

bridge.

Studies of antral transection (Holle et al 1994, Chapter 19) have suggested that control

signals in the antral wall are important for normal coordination of pyloric closure with

an associated antral contraction. Previous evidence (Collin et al 1979) that a muscle

bridge is capable of maintaining important intramural signals in the ileum led us to test

the hypothesis that a small muscle bridge can act as a cable, preserving intramural

neural connections between the pylorus and antrum after transecting the antrum, and

allowing the preservation of important physiological signals during gastric emptying.

Our data strongly supports this hypothesis.

Although the muscle bridge did not prevent the disruption of the localized distal

antropyloric contractions associated with antral transection, this did not have any

significant effect on the overall pattern of gastric emptying.

While it would have been ideal to study the animals after subtotal transection and then

again after division of the muscle bridge to complete the transection, this was not
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practical because of the local scarring following antral transection which would have

made the second surgical procedure more difficult and the results subject to bias,

Effective propagation of a gastric contraction to the antrum and the pylorus requires

resumption of muscle-to-muscle transmission of electrical control activity (ECA)

across the transection site (Hinder & Kelly '1977). Once this has been established, the

neural connections are necessary to modulate the timing of pyloric closure relative to

the stereotyped electrical control activity.

24.5 CONCLUSIONS

Preservation of the control of timing of pyloric lumen occlusion by use of a muscle

bridge is associated with preservation of normal pyloric control of gastric emptying

after antral transection. This appears to be a promising strategy f or pylorus-

preserving distal gastrectomy. Further studies are required to test the effectiveness of a

muscle bridge in maintaining normal patterns of gastric emptying following antral

resection and/or vagotomy.
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Chapter 25

Future Directions in Pylorus Preserving
Gastrectomy

The study in the previous chapter suggests that the use of a muscle bridge may allow the

surgeon to maintain an important connection between the antrum and the pylorus. This

would allow preservation of the timing of pyloric closure in relation to proximal gastric

contractions. This should theoretically reduce the likelihood of gastric stasis following a

pylorus-preserving gastrectomy, while at the same time, maintain all the advantages of

preserving the pyloric sphincter mechanism.

25.1 D¡STAL GASTRECTOMY W¡TH PRESERVATION OF A MUSCLE BRIDGE

The theoretical possibility of maintaining a muscle bridge during a distal gastrectomy

was evaluated in one pig.

25.1 .1 Surgical technique

Figure 25.1.1 shows the technique used. After full mobilization of the greater curvature

of the stomach, a bridge of muscle, 5 cm long and 1 cm wide, was maintained on the

lesser curvature, while the distal third of the stomach down to 2 cm proximal to the

pylorus was resected. The vessels and nerves entering the muscle bridge on the lesser

curvature side were maintained. The mucosa over the muscle bridge was excised. The

reconstruction of the proximal and distal resective margins was relatively simple, with
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the muscle bridge forming part of the distal margin being anastomosed to the proximal

margin using a single layer Vicryl (2-0) suture (Ethicon, USA).

25.1 .2 Results

The pig survived the surgery well and was started on oral liquids the day after the

surgery. The animal progressed to a regular diet by day three, and showed no vomiting or

intolerance to the food. The animal was not equipped with gastric and duodenal cannulae

for manometric and emptying studies. lt was observed for 3 weeks and showed no

untoward effects from the surgery.
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2 5. 1 .3 Discussion

Ïhis limited experience suggests that preservation of a muscle bridge during distal

gastrectomy is a viable option. Further studies are required to assess whether a muscle

bridge provides added benefits to standard pylorus-preserving gastrectomy. Also, a

maximum functional length for a muscle bridge needs to be defined. However, there is no

theoretical reason why a longer bridge of muscle should not continue to work in the same

manner

The surgical procedure described in this chapter is ideal for the resection of benign

gastric lesions on the greater curvature side of the antrum. The same operation may be

performed for a lesser curvature lesion with preservation of a muscle bridge on the

greater curvature, but this may be technically more difficult.
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Chapter 26

Summary and Conclus¡ons

The work presented in this thesis has led to the following conclusions

1 - The pylorus acts as a true physiological sphincter and is important in the

regulation of emptying of ingesta from the stomach. lt is capable of motor activity

distinct from that of the adjoining antrum and duodenum. An increase in pyloric tone,

with or without development of isolated pyloric pressure waves, provides an increased

resistance to the flow across the pylorus, and thus retards gastric emptying. lsolated

pyloric pressure waves are also observed under conditions of emptying and may serve to

regulate the rate of duodenal filling.

2 - Emptying of liquids and liquefied solids from the stomach occurs predominantly

as pulses of flow associated with propagated contractions of the corpus and antrum,

which may or may not achieve lumen-occlusion. ln a fluid-distended stomach, an

apparently distinct patterning of the propagated gastric contractions causes a

pressurization of the gastric cavity, with a resultant flow of ingesta across the pylorus

into the duodenum, while the pylorus is open. The variable time delay between the onset

a propagated gastric contraction and ensuing pyloric contraction/closure, determines the
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volume of transpyloric flow pulses. Variation of this timing may be a mechanism of

importance in the normal physiological control of the volume of pulsatile gastric

outflow. We postulate that, in the early stages following ingestion of a mixed meal (solid

lag phase), the timing of pyloric closure in relation to gastric contractions may be

shorter, thus limiting the amount of ingesta propelled out of the stomach (mainly

liquids) and causing the retropulsion of the remainder which may help 'grind' the solid

component. Later, the time interval between onset of gastric contraction and pyloric

closure may be lengthened to allow larger volumes of ingesta to leave the stomach. The

antral transection studies described in this thesis indicate that this timing is regulated,

in part, by descending antral intramural nerves.

3 - Studies described in this thesis confirm the importance of feedback signals

(neural and humoral) from the small intestine in regulation of gastric and pyloric

motor function during the fed state. The experiments with a blocker of cholecystokinin

indicates that this is important in regulating gastric motor function and emptying after

ingestion of a meal containing fats. Ascending intramural neural pathways from the

duodenum have been shown to play a role in the regulation of pyloric motor function, but

they do not play a major role in the regulation of antral motility after a meal.

4 - Posture influences gastric emptying through changes in gastric motility. Our data

suggests that gravity may influence the rate of distribution of a meal within the stomach,

in various body positions. This, in turn, effects the gastric motor mechanisms

responsible for expelling the meal. Thus, emptying is more rapid in positions were

gravity favours distal emptying as compared to lying in a position where gravity works

in the opposite direction to transpyloric flow.
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5 - Therapeutic gastric surgery alters the normal patterns of gastric emptying by

disturbing gastric and/or pyloric motor mechanisms:

¡ - Truncal vagotomy and pyloroplasty, in which the pyloric

mechanism is disabled and the stomach and other abdominal viscera are

denervated, was shown to be associated with reduced antral motility, and loss of

pyloric "braking" mechanism. As a result, these patients demonstrate a rapid

liquid emptying (predisposing to dumping and/or diarrhoea) and a variable rate

of solid emptying (predisposing to bloating).

i i - Highly selective vagotomy, in which the innervation of the antrum

and pylorus is maintained, is associated with near normal patterns of gastric

emptying. Maintaining this innervation helps to preserve the frequency of

propagated antropyloric pressure waves, but the motility of the proximal and

distal antrum is partially disturbed. There are, however, compensatory changes

observed that may offset these disturbances.

i i i - Distal gastrectomy, in which the antral and pyloric motor

mechanisms are removed, is associated with rapid emptying of liquids and

variable emptying of solids, The presence of phasic motor activity in the gastric

remnant, suggests that some gastric "pumping" action is preserved.

6 - Pylorus preservation may diminish the disturbance in rate of liquid gastric

emptying that is observed after distal gastrectomy, and thus prevent the occurrence of

symptoms of dumping and diarrhoea, Use of a one centimeter bridge of muscle during

pylorus preservation was shown to be capable of maintaining adequate intramural
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neural connections to maintain a near normal functioning of the pylorus after antral

transection, Preserving a bridge of muscle during pylorus preserving distal gastrectomy

is technically feasible.

6 - These conclusions on mechanics and control of gastric emptying and the effect of

therapeutic gastric surgeries can be used to provide general guidelines f or

gastrointestinal surgeons:

i - Avoid surgical denervation or resection of the stomach whenever

possible. lf resection is therapeutically indicated, minimize the extent of

resection and denervation of the stomach within the limits necessary to achieve

the therapeutic goals.

i i - lf vagal denervation of the stomach is necessary to reduce acid

output, then highly selective vagotomy is the procedure of choice.

i i i - ln resection of the distal stomach, consider preserving the pyloric

mechanism, if possible, Use of a muscle bridge may provide additional

physiological benefits if it is possible to construct within the limits of resection.

7 - Future studies are necessary to explore the physiological and clinical merits of

pylorus preserving gastrectomy with the use of a muscle bridge. ln addition, further

studies to explore the mechanics of gastric distribution, grinding, sieving and emptying,

the relative role of the fundus, and the importance of different neurotransmitters (NO)

and enterogastrones (GLP-1) involved in the control of gastric emptying are planned.
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Anvari M, Jamieson GG (1992): Surgical applications of the function of the
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