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Dear Prof Lian-Sheng Ma,

Re: Modulation of individual components of the gastric motor response to duodenal glucose.

Manuscript Number: 1861

Thank you for your email dated 8 March 2013. On behalf of my co-investigators | thank the reviewers for
their supportive comments. We have modified the manuscript according to the reviewer’'s suggestion and

believe this has improved the quality of the manuscript.

All changes to the manuscript have been marked in red font. In particular, the following issues have now

been addressed:

Reviewer 1
Could sequential different glucose loads affect APD motility intestinal responses as result of an

adaption mechanism? Please, comment on this issue in the Discussion section.

This comment has been addressed in the Statistical Analysis section Page 10 Line 3:

On testing there was no order effect apparent.

And also addressed in the discussion section Page 15 line 21:

It should also be recognized that blood glucose concentrations were not clamped and hyperglycemia, even
within the physiological range, affects APD motor responses and gastric emptying. However glucose
concentrations were similar despite the differing loads, suggesting that this is unlikely to explain the adaptive

response observed.
There are some spelling and/or grammar errors in the text: Abstract section Pag.3 Ln 19 - with in a
dose-dependent fashion. Please omit the word with. A threshold for stimulation for was observed.

Please, omit the (second) word for.

We apologise for these spelling/grammar oversights, the suggested errors have been amended.



Reviewer 2

Significance and mechanisms (i.e. the role of GLP-1, PYY and Ach) in the pathogenesis, such as
obesity and diabetes, should be discussed. As author described, only occlusive pressure (but not
non-occlusive pressure) waves are detected.

This comment has been addressed in the discussion section Pagel5 line 1:

While this study was undertaken in health, implications of these data for pathological conditions can be
speculated upon. Gastric emptying is frequently slowed with healthy aging and in conditions such as
diabetes and critical iliness. This slowing has been attributed in part to ‘hypersensitivity’ to small intestinal
nutrient, which appears to be, at least in part, hormonally-mediated via hormones such as cholecystokinin.
These data in health suggest the hypothesis that the process of aging or the effects of critical illness

exacerbates this hierarchical sensitivity. Further study in this area would be of interest.

Administrator
The following changes have been made in accordance with the administrator's comments:
= The title is now less than 12 words.
=  The running title is now less than 6 words.
= The author contributions are now stated in accordance with the standard proposed by the
International Committee of Medical Journal Editors.
= Correspondence address, phone and fax numbers are now provided for supportive foundations.
= Abstract format has been edited to comply with journal and a 100 word summary has been included.
= Pubmed citation numbers and DOI citation have been included for manuscripts in the reference list.
For manuscripts that DOI citation could not be found (7 manuscripts), the first page of the article has
been included as an appendix to this letter.
= More than 26 references are now cited in this manuscript.

= Figures are provided in adobe illustrator files (ai files) that are able to edited.

Once again we thank the reviewers for their constructive and insightful comments. We believe that the

manuscript we are resubmitting is superior to the original manuscript.

Yours sincerely,

Dr Adam Deane MBBS, PhD, FCICM, FRACP
Intensive Care Consultant, Royal Adelaide Hospital
Senior Lecturer, Discipline of Acute Care Medicine, University of Adelaide
Email: adam.deane@adelaide.edu.au
Phone: + 61 8 8222 4000
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Reference 3

GASTROENTERQLOGY 1983:85:76-82

Regulation of the Gastric Emptying of

Glucose

WILLIAM BRENER, THOMAS R HENDRIX, and

PALL R, McHUGH

Departments of Paychiatry and of Medicine, T he

Baltimore, Marvland

The gastric empiying charucteristics of physiologi-
cal saline [0.9% NaCl} ond glucoss eolutions of three
diffarent concentrations [0.035, 0.125, 0.25 g'ml] were
pxamined in order to identify distinctions in the
confral of the stomach’s activity. Saline emptied
rapidly and exponentinlly. Glucose assumed, 80071
after filling the stomach, a sl and calorie-constani
pmptying pattern such that 2.13 koal of glucose were
delivared per minute fo the duodenum for all thrae
concentrations of plucose. When, by menns of a
cotheter passed heyond the pylorus, glocose was
infused into the duedenum in amourls varying from
26.5 to 120 keal, an inhibition on the gostric empty-
ing of physiclogicol saline of 0.46 minfkeal of fntro-
duodenal glueose wes demonstroted. Since 213
kealimin ond 0.46 minfkeal are reciprocals, it ap-
peared that in emptying galine, the postrodvodenal
system acls os an “open-loop™ sysiem passing lig-
wids from the stemaoch af o rale primarily deter-
mined by the volume of gastric contents with glu-
cose, however, 1 “closed-loap” system is estahlizhed
that gssumes o steady-stale balonce hetween the
delivery of glucose to the dupdenum and the inhibi-
tion of this delivery avoked from the dusdennm by
the ghucose that enfers i,

The functional interrelations betvween the stomach
gnd the duodenum have been exiansively studied
(1]. In particular, mechanisms arising from the duo-
denum can, in responss to such elements in the
effluent from the stomach as hydrogen jons 2],
psmoles [3,4), or calorie-bearing nutrients (S), alter
gastric secretion, gasinic peristaltic activity, and gas-

Raceived July 27, 1882, Accepted Felruary 1, 1803,

Addrass requests for peprinta boc Paul B MeHuogh, MO, Depart-
ment af Psychiatry, The Johns Hopkine Haspiial, Meyes Huilding
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tric emplying. These many investigations demon-
strale that the activities of the stomach, incloding ite
pmptying, are under the influence of the Teceiving
duodenum, a relationship protecting the receptive
compartment of the intestine from Excessive or inap-
propriate gastric contents.
The characteristics of gastric emptying of liguids,
howeaves, have been recently restudied. The empry:
ing of liquids through the pylorus had been thought
to be an exponential function with the rate of empty
ing depending primarily upon gasiric distention (1]
The ducdenal influences, including dundenal conl
{racHone (5), wers thought to enhance of inhibit tha
rate of emptying, but wers not believed to change thi}
fundamental exponential feature. :
In their work with rhesus monkeys, however;
McHugh and Moran (6] demonstrated that although
physiological saline emptied exponentially, glucosty
casein hydrolysate, and medium-chain triglyceridél
followed a more linsar than exponential courss i
empiving from the stomach. Also, the stomatl
glowed its emptying rate as its nuftrient conteng
imcraasad in calorc concentration with the restis
that calories were delivered to the duodenum 8t
constant rete of 0.4 kealimin in these animal
regardless, within limits, of the pomeeniration, oSl
lality, or volume of the intragastric meal.
These same investigators (7] also demonstza
that this constant emptying rete depended upoi
imhibitory control ariging from the duodenuid
which glucose in the duodenum would provokd;
almost total cessation of gastric emptying lasting &
min/keal of duodenal ghicose, The appreciation U
the delivery rate, 0.4 keal/min, and the inhibitil
duration, 2.5 min/kcal, were precise reciprocals i
MeHugh and his associates [7) to propose that witl
o few minutss after it 1s fillad with a nutrient’ i
the stomach setfles into a steady state deliveig
nutrients to the duodennm at 0.4 keal/min, becal
af the inhibition on gastric output of 2.5-mir
provoked from the intestine, i
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Reference 5

Antropyloroduodenal motor responses to intraduodenal
lipid infusion in healthy volunteers

E. HEDDLE, J. DENT, N. W. READ, .. A. HOUGHTON, J. TOOULI,

M. HOROWITZ, G. J. MADDERN, AND J. DOWNTON

Castroerterology Units and Departments of Surgery, Roval Adelatde Hospital, Adelaide 5000,
and Flinders Medical Centre, Bedford Park 5042, South Australia

Heporg, R., J. DEnt, N, W. REap, L. A, llovcHToN, 4.
Toourr, M, Hopowrrz, G .1 Mannern, ann I, Tiownrnn
Arntrogriluredusdeneyd motor responses o inirooodersol g in-
fusion in healthy volunteers. Am. J. Physiol, 254 (Gastrointest,
Liver Physiol. 17): G&T1-3679, 1988.—The delivery of lipid to
the dusdenum has been shown to slow gastric emptying and to
increase the Fesistance to gastele outflow. To investizate mech-
anisms responaible for these effects, we have recorded antro-
pyloroduodenal motility in nine healthy volunteers during al-
ternate intraduodenal infusions of normal saline and triglye-
eride emulsion (Intralipid 10%). During the lipid infusions
there were reproducible, major changes in the patterns of
motility. Pressure waves, apparently isolated to the pyvloros,
usually started within 10 min of initiation of the lipid infusion.
After 20-25 min of lipid infusion these waves occurred at
median rates of 2.4 and 2.8/min (1st and 2nd lipid infusions,
regpectively); these rates were significantly greater (7 < 005)
thun the median rales (8l =04/min) obseraed during the
equivalent pericd of the succeeding saline infusions, During 10
of 22 lipid infusions, isolated pyloric pressure waves were
associated with sustained pyloric tone. Infusion of lipid into
the dusdenum suppressed antral pressure waves in all subjects
and initinted brief periods of repular duedenal contractions
during 11 of 22 infusions. These studiés have démonstrated
alterations of antropyloroduodenal motor patterns in reaponsc
to changes in the duodenal luminal content. The effectz on
antral and pyloric motility are probably of importance in the
regulation of transpyloric flow by nutrients in the dusdenal
Juimen,

pyloric motility; antral motility; fat

THE GASTRIC EMPTYING OF NIITRIENTS is known tn he
clozely controlled, but the mechanisms underlying this
regulation are incompletely understood. The emptying
of triglycerides and fatty acids into the duodenum is
azaociated with slowing of gastric emptyving in animals
and humans (16, 22), suppression of antral contractions
(18, 23 31), reduction of fundal tone in animals and men
(3, 11), and stimulation of pyloric and duodenal resist-
ances to liquid flow (22).

Some manometric studies in humans have demon-
strated that phasic and tonic pyloric contractions are
slimulated by intraluminal acid or lpid (12, 31), although
this aame phenomenon has not been recorded by other
workers using similar methods (17, 21). These studies
waore performed with either pull-through methods that
can only sample pvloric pressures for short time intervals

0153-1857 788 $1.60 Copyright © 1988 the American Physiological Society

(12, 17, 21} vr with a stationed manvmetric side hole
that may not have heen correctly positioned for moni
toring a narrow zone of pylorie contractions (A1)

In this study an adapted sleeve sensor was used to
obtain prolonged manometric recordings from the pylo-
rug, The sleeve sensor, together with multiple side holes
positioned in the antrum and dusdenum, allowed us to
examine the hypothesia that infusion of lipid inte the
duodenum would induce changes in the pattern of antro-
pyloroduodenal motility likely to retard gastric emptying.

MATERIALS AND METHODS
Subjects

The studies were performed on nine healthy volunteers
aged between 18 and 31 yr. None of the subjects com-
plained of dyspepsia, had a past history of peptic ulcer
or other gastrointestinal disease, or were taking any
medication, Written informed consent was obtained from
each subject. The study protocol was approved by the
Research RHeview Committee of the Roval Adelaide Hos

pital and hy the Committes on Clinical Investigation of

Flinders Medical Centre in July 1984,

Experimental NMrotocol

On the morning after an overnight fast a manometric
recording assembly was passed through the subject’s
nostril. This assembly was designed to monitor antro-
pyloroduodenal motility and included a sleeve sensor (8)
arapterd sperifically for measnrement of pyloric pressure,
together with perfused side holes for monitoring antral
and duodenal pressures. After passage of the assembly
into the stomach the subject lay on the right side to aid
passage of the assembly into the duodenum.

The passage of the distal end of the manometric as-
sembly was monitored by the recognition of manometric
patterns. The correct position of the sleeve sensor across
the pylorus wazs defined by measurement of transmucosal
potential difference (TMPD), which was recorded at side
holes situated at both ends of the 4.5-cm-long sleeve.
Once the sleeve sensor was straddling the gastroduodenal
TMPD gradient, test solutions were infused into the
ducdenum via an infusion port that was situated 8 cm
distal to the end of the sleeve, In all nine subjects, after
an initial 10-min period of recording of fasting activity,
GET1
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Reference 10

GASTROENTEROLOGY 1088:04:1276-84

Motor Activity of the Gastric Antrum,
Pylorus, and Duodenum Under Fasted
Conditions and After a Liquid Meal

L. A. HOUGHTON, N. W. READ, B. HEDDLE, G. J. MADDERN,

J. DOWNTON, [. TOOULL and J. DENT

Departments of Medicine and Sorgery, Flindars Madizal Contre ind Boyal Adelaide Hospital,
Adalaide, Australin; and Sub-Deperinent of Human Gastrointesting] Fhysiology and Mutrition,
Royal Hallamshire Hospital, Sheffield, Dnited Kingdom

Because the mechanisms that control the movement
of food and digestive juices across the human
pylorus are not completely understood, the aim of
this study was to document the normal patterns of
pressure activity in the antrum, pylorus, and duo-
denum and the associated pH changes in 9 healthy
volunteers, Studies were carried onl under fosting
conditions and after ingéstion of 300 ml of chocolate
milk, usifig a unique 11-channel intraluminal probe
thal incorporated a sleeve sensor positioned across
the pylorus ij:m_.f pH electrodes sitnated in the termi-
mal dantrum and proximal duodenum. The most
comman motor pattern recorded under fasting con-
ditions consisted of regular coordinaled contrac-
tions, most of which (a) involved the antrom and
duodenum, [b) showed evidence of propagation
through two or more adjscent channels, and [c)
were associated with transient reductions in duode-
nal pH and transient elevations in antral pH. Inges-
tion of milk changed the motor pattern 1o one that
was composed of prassure waves, which were con-
fined to the pylorus with few or no pressure waves
in the terminal antrum or proximal doodenum.
Isplated pyloric pressure waves were gradually
rgplaced by propagated antrodvodenal contrac-
tions, which eventually occurred at a regular fre-
guency Lhat was higher than that observed under
fasting conditions. Afler ingestion of milk, only the
coordinated confraclions were assoviated with tran-
gient 'J‘Dﬂu't:til_ms- in duodenal pH. Isolated pyloric
pressure waves were also obsérved under fasting
condifions just before or just after phase I of the
migrating motor complex, and 17% of these were
accompanied by episodes of deodenal acidification.

JVhe mechanizsms that control the movement of
A food and digestive juices across the pylorus are
not completely understood. The contractile activity

of the gestric fundus, antrum, pylorus, and doode-
num st all participate in the transpyloric move
ment of lnminal contents, but only two studies have
attemnpted to study how these funetions are inte-
grafed in humans. White and colledgues (1) used
three perfused sideholes to simultaneously record
from the antrum, pylorus, and ducdensm during
intragastric infusion of saline and notrient solutions.
Although thiz was the first study to suggest the
existence of isolated pyloric contractions, the low
number of recurﬂing sites used and the difficulty of
maintaining a sicehole in such a short mohile struc-
ture as the pvlorus [2—£) limits the interpretation of
it. Dooley and colleagues [5) used a sleeve sensir to
eccommadate for the range of axial mebility of the
pylorus (6] and to facilitate long-term pylorie record-
ings, but ag the position of the slesve sensor wis nol
monitored continuously, it is uncertain whether the
sznsor was always correctly placed across the pylo-
rus. This study, which was carried our under fasting
conditions, also recorded pressute aclivity with
sideholes at two sites in the entrum (2 cin apart) and
two sites in the duodenwm (5 cm apart). Neither the
study of White por Doaley attempted io cormrelate
pressute patterns with measurerhents of transpylaric
flowe. Our study dsed & ynigue 11-chapsiel manomet-
ric and pH cathéter assembly that incorporated a
ranspyloric sleeie sensor positioned by continuous
monitoring of the transmucnosal potential difference
([P0} at either end of the sleeve. With this set-up, it
was possible to document the normal iptegrated
mator activity of the gastric antrurm, pylorus, and
dusdenum in normal healthy volunteers uwnder

Abbreviofions peed In this papes IPPW, isolated pyloric
pressure wave; PTL, potential difference,
& 1986 by the American Gastroenterological Association
D018-50E5 RS 50
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Reference 13

GASTROENTEROLOGY THAZANIA 75

Adaptive Changes in the Pyloric Metor
Response to Intraduodenal Dextrose in Normal
Subjects

MICHELA FDELBROEK, M ICHAEL HOROWIT £, ROBERT FRASER,
JUINTH WISHART, HOWARD MORRIS, JOHN DENT,

and LOUIS AKKERMANS

Departmant of Experimental Surgaey, University Hospital Utracht, Tha Mothariands; Bepertmant of
Medicine and Gostroantorology [init, Rayel Adefaide Hesplial, Adelaids, Sauth Asistralin, Austrolis; gnd
Dvision of Clinigg) Chemistry, hustitute of Medical and Veterinary Science, Adalaide, Syuth A ustralia,
Australia

Gasiric emplying of glucose is fastpr after dietary  the Fresence of glucoss, ! triglyceride,? ar agigs in
supplementation of tlucose, suggesting specific ad-  smal intestine is dependant solely on the num
aplalion to changes ip nuirient intake. In the pres-  and site of the intestinal receptors exposed. Thia |
f ent study, the efects of o cantinwous long-term pothesis has been challenged by recant ohservali
a {D—Izﬂ-minun;-j and two short-term fo_2q. and 8- suggesting that the feedhack of these receptors o
100-minnte) intraduodeng] infusions of dextrose  bq influenced by specific changes in nutrien
(24 keal/min) on antropyloroduodensa] motility  akptsasg, healthy humans, gastric emptying of g
and blood glucose, Masma gastrip inhibitory poly-  ooep s faster after dietary supplementating with gl
peptide, and insulin concan trations were evaluated cose for 3 days® and consumption of a high-fat d
in nine volunteers, In fouy volunteers, an intradug- for 14 days is associated with more rapid emplying
denal infusion of triglyceride (2.4 keal/min) was a fatty tast moal 18 Modulations in the semsitivity
adminisiered immediately afier the long-term dex- smallintestinal fopdhack control may also he respo
troge infusion, The long-term dextrose infasion ini-  sible for the delayed gastric empiying seen in mar
lially increased isolated pyloric pressure wayes patients with anorexia nervosa’™ ™ gnd the rap
(TPPWs) and hasal prloric pressure [P < 05 for  packrig emptying reported in some ohess patiants,20
both}, but aftar about 39 minutes IPPWs and basal The modifications in motor meshsnisms thet unde
prloric pressure decreased and returned to baseling lie these changes in gastric emplying have not bes
within 80 minufes. Eagh short-term infusion in- axaminad,
creased IPPWs and basal p¥loric pressure (P < p.05 Racent studipe have provided insight into the my
for both). Antral pressure waves remained sup- mechanisms responsibla for the slowing of gastri
pressed during the long-torm dextrgse infusion. In- smplying by small intestinal nutrient infusiog, o
""ﬂd““'l'«‘wl!ﬂ] triglyceride increased IFPWs and ha- Short-term intradundensl infusions of nutrients an
sal pyloric pressure (P < g,05 for hath). The associated with suppression of antigl contraction
long-term dextrose infusion was associated witha o stimulation of pylotic tone and Pressire wave
sustained increase, apd hoth short-term dextrosp localized ta the prlorus, known s Isalated pyloric
}nfusiuns were associated with peaks in elucose, Pressure waves {IPwWs) 512 Scintigraphic® and fug.
insulin, and gastric inhibifory polypeptide levels, roscopic studies,  performed concurrently with ma.
There was no significant relationship between bio- pometry during intraduodenal nutriont infusion,
-.".hm:n!t.ai measurements and antropylorodundeng) have shown that IPPYVs and pyloric tone caugs Eits-
motility. It is concluded that specific - adaptive talned localized pyloric lumingl closure and are ps-
l‘.‘.‘hl}]:lgl‘.ﬁ nccur rapidly in the phasic and tonic py- sociated with cessatian of transpyloric flow,
loric molar response, but not the antral motor re- Both neural and hormanal rathways may ba jm-
sponse, o intradundenal dextrose, pertant mediators of changes of motility produced by
. the presence of nuirients in the small intestina 25
Gaslric smptying of nutrients and acid js regu-  Gastric inhibitory peptide (GIF), which is released by
lated by lumingl Toceptors in the small intes.  small intestinal SXposure to nutrients, may be jm.
e " It has hagp sugpasied that the rate of gastric

i
)

STPLYIng is calibrated precisely™ and that (he M 1083 by the Amerien Gastramterological Association
nitude of the delay iy gastric emplying produced by L O B-50015 402763 e
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Reference 15

Am J Physiol Gosirointest Liver Phyaiol
ZB0: GRO1-G509, 2001

Nutrient-induced spatial patterning of human duodenal

motor function

JANE M. ANDREWS,! SELENA M. DORAN ? GEOFFREY 5. HEEBARD, !
CHARLES H. MALBERT.? MICHAEL HOROWITZ,! AND JOHN DENT?
Departments of "Medicine and *Gastrointestinal Medicine, Royal Adelaide Hospital,
Adelaide, South Australia 5000, Australia; and “Institut des Reserches Porcines,
Institut National de la Recherche Agronomigue, St. Gilles 35590, France

Received 20 April 2000; accepted in final form 4 October 2000

Andrews, Jane M., Selena M. Doran, Geoffrey S. Heb-
bard, Charles H. Malbert, Michael Horowitz, and John
Dent. Nutrnient-induced spatial patterning of human duode-
nal motor function. Am J Physiol Gastraintest Liver Phyziol
280: GB01-GH00, 2001.—The spatictemporal patterning of
dusdenal motor function has been evaluated comprehen-
sively for the first time in humans, with a novel 21-lumen
manometric assembly. In nine young, healthy volunteers (6
male, 3 female), duodenal motility was recorded during fast-
ing and three 45-min intraducdenal (1D} nutrient infusion
periods (Intralipid at 0.25, 0.5, and 1.5 keal/min). Pressures
were recorded along the length of the ducdenum with an
array of 18 sideholes at 1.5-em intervals. Pressure patterns
were compared for the final 200 min of each of the four periods.
Compared with fasting, ID) lipid was associated with regional
variation in pressure wave (FW) sequences, with fewer prox-
imally and more distally; this was not chserved dunng fast-
ing (P = 0.001). During fasting and all rates of lipid infusion,
maost (87-805%) PW sequences were short (1.5—4.5 em), with
a small number (2—4%) of 105 em or longer. At all times,
antegrade PW sequences occurred more frequently than ret-
rograde sequences over all distances examined (3, 4.5, and
=6 cm), and the proportion of antegrade sequences increased
with greater PW sequence length (P = 0.0001}). Increasing [T}
lipid rates appeared to produce dose-related suppression of
PW sequences (P < 0.001). The frequency and spatial pat-
terning of human dusdenal motor function show substantial
variability in response to different nutrient delivery rates.
These complex patterns are hikely to be involved in ducdenal
modulation of flow and gastric emptying rate.

pressure wave sequences; Intralipid; high-resolution manom-
etry

THE HUMAN DUODENUM 15 A sHoRT but highly specialized
region of the gastrointestinal tract. Its motor activity
plays a role in retarding the rate of gastric emptying
(31) and regulating the orderly delivery of chyme to the
remainder of the small inteatine (24). Rather than
being merely a passive conduit, these mechanical func-
tions appear to be highly modulated by luminal feed-
hack control mechanisms (27, 31, 40). The duodenum
alzo serves an important sensory function (23, 27, 29),
containing both chemo- and mechanoreceptors (11),

Addregs for reprint requests and other correspondence: J. M.
Andrews, Dept. of Medicine, Royal Adelaide Hospital, North Terrace,
Adelaide, SA 5000, Anstralia (E-mail: jane andrews@adelaide sdu_an).

httpofwww_ajpgi.org

which when stimulated modulate the rate of gastric
emptying directly by feedback onto gastric motor func-
tionz (1, 12, 17) and indirectly by varying duodenal
registance to gastric emptying (40). These effocts are
mediated by neural (1) and humoral means (14, 39).
Abzence or “malfunction” of the duodenum i= associ-
ated with disordered gastric emptying and dvspeptic
symptoms (21), due to the resulting mismatch betwean
gastric emptying and subsequent digestion and absorp-
tion, attesting to the vital regulatory role of the duo-
denum.

Despite the recognized importance of the duodenum
in humans, there is little detailed knowledge of its
motor function in health. In part, this is a result of
technical limitations. Mozt information on normal hu-
man upper gastrointestinal motility concentratez on
the esophagus, stomach, and small intestine. The rel-
atively few manometric studies (3, 4, 9, 31, 44, 45) that
have focused on duodenal motility in humans are lim-
ited in their temporospatial resolution because of the
relatively reatricted number of recording sites placed
in the duodenum. Scintigraphic studies are limited by
the low spatictemporal resolution of thiz technique
(30}, and fluorozcopic studies by the length of radiation
exposure permiszible in volunteers (31). In other re-
mons of the gut, preszure patterns are known to vary
over short distances (43); moreover, closely spaced
pressure recordingz have been found to be invaluable
in defining some of the pressure-flow relationships in
the esophapus (6). We have therefore sought to perform
duodenal manometry with high spatiotemporal resolu-
tiom.

Luminal manometry is the most direct method of
aszeasing the forcez applied to luminal contents by
motor events, and clozely spaced (1.5—2 cm) manome-
try mives better spatial rezolution of these forces. High
spatial resolution manometry haz been facilitated by
the recent development of fine-bore silicone rubber
assemblies capable of recording intraluminal pres-
sures concurrently from up to 21 channels. In this
study, one such azsembly, with an array of 18 zsideholes

0193185701 $5.00 Copyright @ 2001 the American Physiological Society
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Reference 16

GASTROENTEROLOGY 1988:87:80-80

Pyloric Motor Response to Intraduodenal
Dextrose Involves Muscarinic

Mechanisms

DAVID R. FONE, MICHAEL, HOROWITZ, JOHN DENT,
NICHOLAS W. READ, and RICHARD HEDDLE

Gastroenteralogy Unit and Department of Madicine, Roval Adelaide Hospiial, Adeladde,

Australia

The delivery of dextrose salutions to the duodenum
is associated with the stimulation of phasic and
fonic pyloric confraction, In this stuidy, the effects of
intravenous atropine on the antropyloreduodenal
motor responsges to intraduodenal infusions of 254,
dextrose were assessed in 10 normal volunteers,
Antropyloroduodenal  pressores were  recordod
with a manometric agsembly incorporating a sleeve
sensor spanning the pylorus, and sideholes in the
antrum and duodenum. In each experiment, three
intraduodenal infusions of 25% dextrose were given
at a rate of 4 mbmin, for a median duration of 19
min (range 17-20). During the second dextrose fn-
fusion, intravenous atropine was given as a bolus
(15 po'ke) followed by an infosion (4 pglke-min),
which was continued until the end of each experi-
meat. Before atropine was given, the pyloric motor
FEsponse o the second dextrose infusion was not
significantly different from the response lo the first
infusion, but afier administration of atropine there
Was a rapid decrease in the rate of isolated pyloric
Pressure waves, from 0.8 to 0.1 per minute fp =
0.05). The isolated pyloric Pressure Wave response
10 the third dextrose infusion was completely
!llﬂckad. and there was a much smaller maximum
INCrease in hagal pyloric pressire compared with
:ﬁtﬁ‘mt infusion (p < 0.01). This study indicates

ntraduodenal dextrose reproducibly  stimu-
a_fes isolated pyloric pressure waves and increases
#sal pyloric pressure by mechanisms that involve
Muscarinic receplors.

he emptying of nutrient-rich liquids from the

#omach {g tlosely reguiated. Castric emplyingis -

:iﬁ:vr:i 2“'hc3 liquid meals have a high calorie eon-

tiom pf Lﬁn'-ijhlﬁ_ affect is mediated by the interac-

b, MUtents with mueosal receptors in the sinall
E5tine or duadsnym [z

Alterations in pyloric motility, which may be
Impartant in the control of gastric emptying, are
induced by stimulstion of duodanal receptors. Both
ingastion of calorie-rich test meals [4,5) and in-
traduedenal infusion of lipid emulsions (6.7} acid
(6], end dextrose (8] stimulste phasic PTESSUIe Waves
isolated to the pylorus and incresse beesl pyloric
pressure [pyloric tone). Simultaneons Munroscapic
and manometric studies of the pylorus have shown
that isolated pyloric pressure waves {IPPW3) and
pyloric tone gre associated with cessation of the
transpylaric flow of bariwm (a).

Studies in the dog indicate that the canine pylaric
motor responses fo duodenal receptor stimulation by
acid may be mediated by orally prajecting choliner-
gic excitatory fibers within the duodenal wall
[10,11]. This may not be the case in the cat, where
atropine wes found to have no effect on the pyloric
motor responses after intraduodenal acid or amino
dcid infusions (12,13), suggosting possihle interspe-
cies variations. The mediation of pylaric motar ra-
sponses has been little stedied in humans. Nalocone
was found to have no effect on the regponss o
intraducdenal Tipid infusion [14]. Thiz stimubis has
not been studied in enimals, so it is not clear
whether the human pylorus is pharmatologlcally
similar to the dog or cat models 16 which most
investigstions have been pedormed,

The aim of this study was to investisste whether
the pyloric motor responses to intraduodenal des.
trose infusions in humans are mediated by atropine-
sensitive pathways.

Abbraviations ased in thiv popers IPPW, fealated pylaric

ressure waves TMPD, transmucnsal potential difsrance,
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Abstract

Malnutrition is associated with poor outcomes in
critically ill patients. Although nutritional support is yet
to be proven to improve mortality in non-malnourished
critically ill patients, early enteral feeding is considered
best practice. However, enteral feeding is often limited
by delayed gastric emptying. The best method to
clinically identify delayed gastric emptying and feed
intolerance is unclear. Gastric residual volume (GRV)
measured at the bedside is widely used as a surrogate
marker for gastric emptying, but the value of GRV
measurement has recently been disputed. While the
mechanisms underlying delayed gastric emptying require
further investigation, recent research has given a better
appreciation of the pathophysiology. A number of
pharmacological strategies are available to improve the
success of feeding. Recent data suggest a combination
of intravenous metoclopramide and erythromycin to be
the most successful treatment, but novel drug therapies
should be explored. Simpler methods to access the
duodenum and more distal small bowel for feed delivery
are also under investigation. This review summarises
current understanding of the factors responsible for, and
mechanisms underlying feed intolerance in critical illness,
together with the evidence for current practices. Areas
requiring further research are also highlighted.

© 2007 WJG. All rights reserved.
Key words: Critical illness; Enteral nutrition; Gastric
emptying; Gastric motility; Gastrointestinal hormones;
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Deane A, Chapman MJ], Fraser R], Bryant LK, Burgstad

C, Nguyen NQ. Mechanisms underlying feed intolerance
in the critically ill: Implications for treatment. Wor/d J
Gastroentero/ 2007; 13(29): 3909-3917

http://www.wjgnet.com/1007-9327/13/3909.asp

INTRODUCTION

Malnutrition in general ward patients is associated with
a prolonged length of Smym
complicatious[i'il. Evidence that nutritional support
of critically ill patients results in improved outcome
is, however, imited. Descriptive studies indicate that
underfeeding in the critically ill may be associated with

, and increased infective

an 1nability to wean from mechanical ventilation™ and
an increase in complications, particularly infections®. It
is not clear whether these effects are causal or relate to
an inability to achieve nutritional goals in patients with
increased illness severity. However, severe underfeeding
(less than 25% of requirements), increases the risk of
nosocomial blood stream infections independent of illness
SE‘\'@lif'\'lé]. In addition, the implementation of an algorithm
to improve nutritional delivery in intensive care showed
that this approach not only improved the provision of
mitrition, but was also associated with a decreased hospital
length of stay and a trend to decreased hospital mortality™.
Despite the lack of unequivocal benefit on mortality,
nutritional support is an accepted standard of care.

All of the feeding approaches used in the critically
ill are associated with potential complications. Enteral
nutrition, usually »7¢ a nasogastric tube, may lead to
gastro-oesophageal reflux, with both overt and micro
pulmonary aspiration, which potentially increases the risk
of nosocomial pneumomals'gl. Total parenteral nutrition
(TPN) on the other hand is associated with complications
due to the insertion and presence of a central line, sepsis,
increased cost and possible bacterial translocation across
an atrophic gnt mucosa. While TPN readily provides full
nutritional support, enteral mitrition is less successful and
only 50% of patients’ nutritional goals are met using the
enteral ronte of nutrient delivery™'**?. Inability to achieve
an enteral feeding target is commonly due to cessation
of feeds, with the decision to stop mostly due to delayed
gastric emptying. In clinical practice this diagnosis is
based on large gastric residual volumes (GRV)™", despite
a pancity of evidence to support this decision making
process. The accuracy of GRV estimation and its use in
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