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Background

Overnight fasting is routine before elective surgery. This may not be the optimal way to prepare for
surgical stress, however, because intravenous carbohydrate supplementation instead of fasting
has recently been shown to reduce postoperative insulin resistance. In the current study, gastric

emptying of a carbohydrate-rich drink was investigated before elective surgery and in a control

situation.

Methods

Twelve patients scheduled for elective surgery were randomly given 400 mL of either a
carbohydrate-rich drink (285 mOsm/kg, 12.0% carbohydrates, n = 6) or water 4 hours before
being anesthetized. Gastric emptying was measured (gamma camera, *Tc™). Each patient
repeated the protocol postoperatively as a control. All values were presented as the mean + SEM

by means of a nonparametric statistical evaluation.

Results

Despite the increased anxiety experienced by patients before surgery (p < 0.005), gastric
emptying did not differ between the experimental and control situations. Initially, water emptied
more rapidly than carbohydrate. However, after 90 minutes, the stomach was emptied regardless
of the solution administered (3.2 + 1.1% [mean + SEM] remaining in the stomach in the
carbohydrate group versus 2.3 + 1.2% remaining in the stomach in the water group).

Conclusions

Preoperative anxiety does not prolong gastric emptying. The stomach had been emptied 90
minutes after ingestion of both the carbohydrate-rich drink and water, thereby indicating the
possibility of allowing an intake of iso-osmolar carbohydrate-rich fluids before surgery.

For more than 100 years, overnight fasting has been a
widely recommended routine before elective surgery. This
fasting period was instituted to reduce the risk of aspiration
of acid stomach contents during anesthesia.! However, this
routine has been questioned lately, primarily because fast-
ing is uncomfortable for the patient, and strict fasting re-
sults in unnecessary problems with routine oral medica-
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tion.2 In several studies in which the free intake of water
was allowed within 3 hours before surgery in both chil-
dren** and adults’® preoperative thirst® and anxiety® were
reduced as compared with the traditional overnight fast.
Ingestion of clear fluids did not increases gastric contents®®
or risk of aspiration after surgery.'%!!

Investigators studying the risks of allowing late preop-
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erative fluid intake have focused primarily on patient
well-being. Less attention has been paid to the fact that
the preoperative fasting period also results in a marked
alteration in body metabolism. Although strict fasting is
usually set to begin at midnight, in clinical practice it
often begins earlier (resulting in 10-15 hours of fasting)
because the last major meal is usually served in the late
afternoon on the day before surgery. It has long been
known that even brief fasting results in a marked reduc-
tion in hepatic glycogen contents'>"'* and a change in
metabolism. !>

Although overnight fasting is part of humans’ normal
diurnal rhythm, this change in the metabolic setting may
not be ideal in preparing patients for surgical stress.
Thus, in animal studies of stress, such as hemorrhage'®
and endotoxemia,'” the loss of hepatic glycogen reserves
is closely associated with fatal outcome. Such studies
suggest that fasting, even for a shorter duration, may not
be the optimal way in which to prepare the body for sur-
gical trauma. This notion was recently clinically sup-
ported by the finding that preoperative carbohydrate
supplementation given intravenously in the form of glu-
cose infusions (5 mg X kg™' X minute™") overnight, in-
stead of fasting, resulted in a 50% reduction in the devel-
opment of postoperative insulin resistance in patients
undergoing elective abdominal surgery.'® In glucose-in-
fused patients, the hepatic glycogen content was in-
creased by 65% during surgery when compared with that
in the fasting patients.!® Animal and human data suggest
that the benefits of eating before the onset of stress, as
opposed to carbohydrate depletion during fasting, is re-
lated to carbohydrate loading. Although water intake
shortly before surgery has been shown to be safe, it has
no effects on carbohydrate reserves or metabolism.

For routine administration of carbohydrates before
surgery, oral administration has several advantages over
the intravenous route, but it can only be used if shown
to be safe. Gastric emptying of glucose has been studied
primarily among healthy volunteers.”*-?° However, the
preoperative situation is associated with increased anxi-
ety, thus results from these earlier studies of healthy vol-
unteers cannot be extrapolated directly to the preopera-
tive surgical patient. Therefore, we chose to study the
gastric emptying rate of a carbohydrate-rich drink that
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Table 1. CHARACTERISTICS OF SUBJECTS

Age Gender Weight Height BMI

Group of Subjects (yr) (F/M) (kg) (cm) (kg/m?)
Carbohydrate
patients (n = 6) 46+3 3/3 766 171+4 258+1.6
Water Patients (n=6) 47+7  2/4 83+6 175+4 27117
Volunteers (n = 7) 42+5 61 68+4 170+3 236+1.2

BMI = body mass index.
Values are mean + SEM.

was specifically developed to reduce the osmotic effect
on gastric emptying.?**° The gastric emptying of this so-
lution was compared with that of the same volume of
water among patients on the morning of elective surgery.
The same protocol was also used in a control situation
among the same patients several weeks after surgery as
well as among a separate control group of healthy volun-
teers. The degree of anxiety, hunger, and thirst as well as
the plasma levels of glucose and serum levels of insulin
were also measured in all studies.

METHODS
Subjects

Twelve patients scheduled to undergo elective laparo-
scopic cholecystectomy (n = 11) or parathyroid surgery
(n = 1) were included in the study (Table 1). They were
graded as ASA I or II and had no history of diabetes mel-
litus, earlier gastric surgery, or medication known to
affect gastric emptying.>' Patients were randomized to
receive 400 mL of a carbohydrate-rich drink (285
mOsm/kg, 12.0% carbohydrate, 0.46 mg/mL sodium,
1.93 mg/mL potassium [Nutricia AS, Zoetermeer, Neth-
erlands]) (n = 6) or the same volume of water 4 hours
before the induction of general anesthesia. As a control
measure, the protocol was repeated among the same pa-
tients 53 + 7 days (mean + SEM) after operation.” The
same protocol was performed among healthy volunteers
(Table 1) after ingestion of the carbohydrate-rich drink
or water. The study was approved by the local ethical and
isotope committees, and the subjects gave their informed
consent before entering the study.

Analogue Scale Measurements

All subjects plotted their degree of anxiousness, thirst,
and hunger on a 100-mm visual analogue scale’>**
shortly before fluid intake and repeatedly during a period
of 120 minutes after fluid intake.
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Gastric Emptying Measurements

Gastric emptying was assessed by means of a gamma
camera (400 AZ Maxicamera, General Electric, Milwau-
kee, WI) equipped with a low-energy general-purpose
collimator and connected to a computer (PDP 11/73,
Digital Equipment Corporation, Maynard, MA). Images
were presented in a 128 X 128 matrix.

The carbohydrate-rich drink or water was mixed with
20 MBq **Tc™-labeled human albumin colloid (Solco
Nanocoll, Solco Basle Ltd., Birsfelden, Switzerland).
The radiotracer remains uniformly distributed in the
carbohydrate-rich fluid and in water for 4 hours.** This
was first tested by placing glass tubes filled with mix-
tures of the radiopharmaceutical and fluids in front of
the vertically tilted gamma camera. At 8 A.M,, after an
overnight fast and not less than 4 hours before the initi-
ation of anesthesia, the patients received either the car-
bohydrate-rich drink or water, drinking in the left lat-
eral position on the examination coach. Both fluids had
a temperature of 12 C. when drunk. Thereafter, the pa-
tients were gently turned counterclockwise into the su-
pine position, and a 1-minute acquisition with the cam-
era from behind was immediately initiated (time 0).
Thereafter, recordings were made during a 120 time pe-
riod (at 5, 10, 20, 40, 60, 90, and 120 minutes). Between
the image acquisitions, the patient rose from the coach
and moved freely. Before each acquisition, the patient
was placed in the left lateral position for 10 to 15 sec-
onds. Thereafter, the patient was turned supine and a
recording identical to the initial one was made. This
maneuver causes gastric fluid to accumulate in the fun-
dus, which is the lowest part of the stomach when one is
supine.*® This allowed us to reproduce the position of
the stomach for each recording of gastric activity with-
out disturbance from bowel activity. The fundus activ-
ity was enclosed in a manually drawn region of interest
in the digitized image. The gastric activity thus defined
in the initial image (time 0) was usually between 40,000
and 50,000 cpm. After correction for physical decay,
the activity at the different recordings was expressed as
a percentage of the initial value (time 0).

Blood Sampling and Analysis

Venous blood was taken for analyses of plasma glu-
cose and serum insulin levels before fluid intake and at
the same intervals as used for gastric emptying measure-
ments (see above). Among the subjects given water,
blood samples were obtained before fluid intake only. All
samples were placed on ice, centrifuged for 10 minutes
at 4 C. at 3000 rpm, and stored at —20 C. until the batch
was analyzed. Plasma glucose was determined by means
of a glucose analyzer using the glucose peroxidase
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Figure 1. Visual analogue scale measurements (mean + SEM) of 12 pa-
tients shortly before elective surgery as well as in a postoperative control
situation. *p < 0.05; ***p < 0.005, Wilcoxon's signed-rank test.

anxiety

method (model 23 AM, Yellow Springs Instruments,
Yellow Springs, OH).* Determinations of serum insulin
levels were made with use of radioimmunoassay tech-
niques.’’

Statistical Analysis

Results are presented as the mean = SEM. Statistical
significance was accepted at the probability level of
<0.05 with the use of nonparametric statistical testing.
Intergroup comparisons were made with use of Wilcox-
on’s signed-rank test. Comparisons between groups were
made with the Mann-Whitney U test.

In comparing gastric emptying in the preoperative sit-
uation versus the postoperative situation and with the
measurements of separate healthy volunteers, we were
able to obtain an index of the area under the curve by
adding the levels of radioactivity found in the stomach
during the study (5, 10, 20, 40, 60, 90, and 120 minutes
after fluid intake) and dividing the sum obtained with the
initial value at time 0. The comparison between these
groups was made with use of the area-under-the-curve
index and through a comparison of the radioactivity lev-
els in the stomach at the separate measuring points with
nonparametric testing for each measuring point and with
a two-way analysis of variance for repeated measure-
ments over time for the preoperative and postoperative
studies.

RESULTS
Analogue Scale Measurements

The levels of anxiety (p < 0.005) and hunger (p < 0.05)
were higher before surgery compared with those mea-
sured in the control situation (Fig. 1). Thirst did not
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Figure 2. Mean gastric emptying rate of patients given a carbohydrate-

rich drink (n = 6) compared with those given water (n = 6) shortly before
elective surgery. *p < 0.05, Mann-Whitney U test.

differ significantly between the two situations (p = 0.06)
(Fig. 1). Thirst was reduced (p < 0.01) during the first 60
minutes after the intake of the carbohydrate-rich drink
and during the first 40 minutes after the intake of water
(p < 0.05). Thereafter, no significant changes were ob-
served (p = 0.06 and p = 0.07; 0 vs. 90 minutes; carbo-
hydrate drink and water, respectively; data not shown).
Hunger was reduced during the first 20 minutes after the
intake of water (p < 0.05) but not after intake of the car-
bohydrate-rich drink (p = 0.1, 20 minutes after intake).
Anxiety was reduced (p < 0.05, 0 vs. 90 minutes) after
the intake of water. However, this was not observed after
intake of the carbohydrate-rich drink (p = 0.11, 0 vs. 90
minutes; data not shown).

Gastric Emptying Measurements

Before surgery, gastric emptying of water was more
rapid than that of the carbohydrate-rich drink during the
first 60 minutes after intake (p < 0.05). However, after
90 minutes, only a small percentage of activity remained
in the stomach regardless of the solution (difference not
significant) (Fig. 2). The same pattern was also found
among the healthy control subjects (data not shown).
There were no differences in gastric emptying rates re-
lated to sex (p = 0.8) nor any correlation between gastric
emptying and body mass index (p = 0.4) or age (p = 0.7)
on assembling all measurements from control studies in
patients and healthy volunteers.

Gastric emptying of the carbohydrate drink did not
differ before surgery from that after surgery nor from the
measurements taken among the healthy volunteers (Fig.
3). Likewise, gastric emptying of water did not differ
among all three parallel groups on comparing the area-
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Figure 3. Mean gastric emptying rate of patients given a carbohydrate-
rich drink before (n = 6) and after (n = 6) surgery (control situation) and of
seven healthy volunteers.

under-the-curve index (data not shown). However, at 60
and 90 minutes after fluid intake, gastric emptying of wa-
ter was enhanced before surgery (p < 0.05, Wilcoxon’s
signed-rank test) compared with the control after sur-

gery.

Blood Samples

Basal values of plasma glucose and serum insulin were
normal on all occasions, with no difference between the
groups. Nearly identical curves were found on all occa-
sions (before and after surgery among patients and
among the separate control situations). Data from pa-
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Figure 4. Plasma glucose levels in 6 patients after intake of carbohy-
drate-rick drink preoperatively. Means + SEM.
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Figure 5. Serum insulin levels in 6 patients after intake of carbohydrate-
rich drink preoperatively. Means + SEM.

tients after intake of the carbohydrate-rich drink before
surgery are shown in Figures 4 and 5. In the preoperative
study, plasma glucose (Fig. 4) and serum insulin (Fig. 5)
levels increased significantly to maximal levels 40 min-
utes after intake of the carbohydrate-rich drink (9.0 £ 0.4
and 67 + 10 pU/mL respectively).

DISCUSSION

In the current study, we showed that an oral carbohy-
drate load leaves the stomach within 90 minutes after
ingestion on the morning of surgery despite the presence
of increased anxiety and hunger. Gastric emptying of
both the carbohydrate-rich drink and water before sur-
gery did not differ from the that found after surgery or
compared with that of a group of healthy volunteers (Fig.
2). As was expected, gastric emptying of water occurred
more rapidly than of the carbohydrate-rich drink, but
only during the first 60 minutes after ingestion (Fig. 3).
After 90 minutes, both groups had similar low levels of
radioisotopic activity remaining in the stomach, which
could be considered emptied.

Several factors are known to affect gastric emptying.
The volume of fluid is perhaps the most obvious.2*2!:25:28
The composition of the fluid also affects the gastric emp-
tying rate. Water is emptied rapidly, and gastric empty-
ing is prolonged by additional osmoles.?>**%*% Thus,
studies of healthy volunteers have shown that when
monomers of carbohydrates are given in increasing
doses, gastric emptying is prolonged.? A more rapid pas-
sage of larger quantities of carbohydrates through the
stomach is achieved when polymers are used to reduce
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the osmolality.®"-* If the fluid contains fat, then gastric
emptying is prolonged.*’ These findings were confirmed
in our laboratory. Hence, in a pilot study, the same num-
ber of calories (200 kcal, n = 4) was given as a commer-
cially available nutritional formula (39% fat, 48% carbo-
hydrate, 13% protein, 490 mOsm, 1.5 kcal/mL [Nutri-
drink, Nutricia]). Although only 133 mL of Nutridrink
was given, the stomach had not been emptied 120 min-
utes after intake (39.1 + 5.3% and 18.4 + 5.6% remained
in the stomach after 90 and 120 minutes, respectively).
When the same volume of Nutradrink (400 mL, n = 2)
was given as in the current study, at least 50% (200 mL)
remained in the stomach 120 minutes after ingestion,
thus showing that not all solutions used frequently for
energy supplementation are safe to administer before
surgery.

The carbohydrate-rich drink that is currently used is
composed primarily of polymers (maltodextrins),
thereby having a lower osmolality than pure glucose or
other monomer solutions. Gastric emptying rates of car-
bohydrate solutions containing polymers, as compared
with standard glucose solutions, have been reported to
be increased in some studies.?®* Perhaps this occurs be-
cause the lower osmolality of the polymer solutions
cause a reduced gastric secretion. Also, a lower osmol-
ality will cause less activation of osmoreceptors, which
reduces gastric emptying rates, contributes to an in-
creased gastric emptying rate. The osmoreceptors are be-
lieved to be located in the upper duodenum; hydrolyza-
tion of polymers by oligosaccharidases probably occurs
distal to this point.2%*' The carbohydrate-rich drink used
currently also contains small amounts of fructose and
electrolytes (e.g., sodium chloride), which also contrib-
ute to an increased gastric emptying rate.”>?**> These
characteristics of the carbohydrate-rich drink explain
why gastric emptying of this fairly large dose of carbohy-
drates (48 g) occurred more rapidly than has been re-
ported in earlier studies using monosaccharides of car-
bohydrates.?>?*

The gastric emptying rate showed little variation
among the patients and control subjects in the current
study, despite a fairly large age range (18-67 years) and
the inclusion of both sexes. Although our study popula-
tion was small, the uniformity of our findings suggest
that the broader testing of ingestion of this drink up to 2
hours before the induction of anesthesia will pose little
risk, providing that patients with known reduced rates of
gastric emptying are excluded.®!

Ingestion of the carbohydrate-rich drink resulted in
higher levels of glucose and insulin. Insulin levels peaked
at 67 + 10 (mean = SEM) pU/mL 40 minutes after in-
gestion. These levels are known to fully depress hepatic
glucose production*? and increase the peripheral uptake
of glucose among healthy subjects. These levels also re-
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sult from ingestion of a standard hot meal among healthy
volunteers.* In response to the intake of 48 g carbohy-
drate, the body shifts from a fasting state to a metabolic
setting associated with energy storage. To ensure this
change in metabolism, we developed the drink used in
the current study to allow for a maximum intake of en-
ergy in the form of carbohydrates and yet to pass rapidly
through the stomach.

The change in body metabolism from an overnight
fasting state, with reduced glycogen reserves and low
basal insulin levels, to that of glycogen loading and insu-
lin release, as seen in the fed state, may be better for pre-
paring the body for stress. This is particularly evident in
animal studies'®!"** and is probably also of clinical rele-
vance.'®!” We recently showed that when this metabolic
change was achieved through the use glucose infusions
administered intravenously in place of fasting, the devel-
opment of postoperative insulin resistance was reduced
by 50%.'®

It remains unclear whether the reduction in postoper-
ative insulin resistance after intravenously administered
glucose'® is primarily due to glycogen loading, increased
insulin levels at the time of the surgical trauma, or both.
Nevertheless, in the current study we showed that insulin
and glucose level responses as observed with the use of
intravenously administered glucose infusions'® can be
mimicked with the use of oral carbohydrates given on
the morning of surgery. Regarding the overall stress re-
sponse, animal data suggest that the state of metabolism
at the onset of stress may be a key factor in the reactions
to a given form of stress. An animal recently fed or one
that has not been fed overnight and given carbohydrates
only before the onset of stress will react differently than
an animal subjected to the same stress but that has not
been fed or that has been given saline intravenously or
water orally. 645

We conclude from the current data that not only clear
fluids, but also carbohydrate-rich beverages can be given
even shortly before elective surgery, provided that the
right composition of the solute is used, because gastric
emptying was completed within 2 hours. Increased anx-
iety and discomfort before surgery has little, if any, effect
on gastric emptying.

Acknowledgment

The authors thank the staff at the Department of Diagnostic Radiol-
ogy and the hospital pharmacy for their technical assistance.

References

1. Boyle H, Hewer C. Practical anaesthetics. 3rd ed. London: Frowde,
Hodder and Stoughton; 1923.
2. Maltby JR, Lewis P, Martin A, Sutherland LR. Gastric fluid vol-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Preoperative Gastric Emptying 733

ume and pH in elective patients following unrestricted oral fluid
until three hours before surgery. Can J Anaesth 1991; 38(4):425-
429.

. Miller M, Wishart HY, Nimmo WS. Gastric contents at induction

of anaesthesia. Br J Anaesth 1983; 55:1185-1188.

. Crawford M, Lerman J, Christensen S, Farrow-Gillespie A. Effects

of duration of fasting on gastric fluid pH and volume in healthy
children. Anaesth Analg 1990; 71:400-403.

. Screiner MS, Triebwasser A, Keon TP. Ingestion of liquids com-

pared with preoperative fasting in pediatric outpatients. Anesthesi-
ology 1990;72:593-597.

. Splinter WM, Schaefer JD. Unlimited clear fluid ingestion two

hours before surgery in children does not affect volume or pH of
stomach contents. Anaesth Intens Care 1990; 18:522-526.

. Splinter WM, Schaefer JD. Ingestion of clear fluids is safe for ado-

lescents up to 3 h before anaesthesia. Br J Anaesth 1991; 66:48-52.

. Phillips S, Hutchinson S, Davidson T. Preoperative drinking does

not affect gastric contents. Br J Anaesth 1993; 70:6-9.

. Read MS, Vaughan RS. Allowing pre-operative patients to drink:

effects on patient’s safety and comfort of unlimited oral water until
2 hours before anaesthesia. Acta Anaesthesiol Scand 1991;35:591-
595.

. Scarr M, Maltby JR, Jani K, Sutherland LR. Volume and acidity

of residual gastric fluid after oral fluid ingestion before elective am-
bulatory surgery. CMAJ 1989; 141:1151-1154.

. Hutchinson A, Maltby JR, Crawford RG. Gastric fluid volume

and pH in elective inpatients. Part I: coffee or orange juice versus
overnight fast. Can J Anaesth 1988; 35(1):12-15.

. Newsholme EA, Leech AR. Biochemistry for medical sciences.

Chichester, NY: John Wiley and Sons; 1983:536-561.

. Rothman D, Magnusson I, Katz DL, et al. Quantification of he-

patic glycogenolysis and gluconeogenesis in fasting humans with
13C-NMR. Science 1991; 254:573-576.

Sunzel H. Effects of surgical trauma on the liver’s glycogen in fast-
ing and in glucose-fed patients. Acta Chir Scand 1963; 125:118-
128.

Marliss EB, Aoki TT, Unger RH, et al. Glucagon levels and meta-
bolic effects in fasting man. J Clin Invest 1970; 49:2256-2270.
Ljungqvist O, Boija PO, Eshali H. Food deprivation alters glycogen
metabolism and endocrine responses to hemorrhage. Am J Physiol
1990; 22:E692-E698.

Esahili AH, Boija PO, Ljungqvist O, et al. Twenty-four hour food
deprivation increases endotoxin lethality in the rat. Eur J Surg
1991; 157:85-89.

Ljungqvist O, Thorell A, Gutniak M, et al. Glucose infusion in-
stead of preoperative fasting reduces postoperative insulin resis-
tance. J Am Coll Surg 1994; 178:329-336.

Thorell A. Insulin resistance after elective surgery—and the effect
of preoperative glucose infusion [ISBN 91-628-0902-4]. Karolin-
ska Hospital and Institute, 104 01 Stockholm, Sweden, 1993.
Rehrer NJ, Brouns F, Backers E, et al. Gastric emptying with re-
peated drinking during running and bicycling. Int J Sports Med
1990; 11:238-243.

Rehrer NJ, Brouns F, Backers E, et al. Exercise and training effects
on gastric emptying of carbohydrate beverages. Med Sci Sports Ex-
erc 1989; 21:540-549.

Johansson C. Influence of the composition of food on the gastric
emptying pattern. Monogr Mount Sinai J Med 1976; 43:45-57.
Hunt J, Pathak J. The osmotic effects of some simple molecules
and ions on gastric emptying. J Physiol 1960; 154:254-269.

Hunt J. The site of receptors slowing gastric emptying in response
to starch in test meals. J Physiol 1960; 154:270-276.

Hunt J, Spurrel W. The pattern of emptying of the human stom-
ach. J Physiol 1951; 113:157-168.



734
26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

Nygren and Others

Foster C, Costill D, Fink W. Gastric emptying characteristics of
glucose and glucose-polymer solutions. Res Q 1980; 51:299-305.
Elias E, Gibson G, Greenwood L, et al. The slowing of gastric emp-
tying by monosaccharides and disaccharides in test meals. J Phys-
iol 1968; 194:317-326.

Costill D, Saltin B. Factors limiting gastric emptying during rest
and exercise. J Appl Physiol 1974; 37:679-683.

Brener W, Hendrix TR, McHugh PR. Regulation of the gastric
emptying of glucose. Gastroenterology 1983; 85:76-82.

Lin H, Elashoff J, Gu Y, Meyer J. Nutrient feedback inhibition
of gastric emptying plays a larger role than osmotically dependent
duodenal resistance. Am J Physiol 1993; 265:G672-G676.
Heading RC, Bolondi L, Camilleri M, et al. Gastric emptying. Gas-
troenterol Int 1992; 5(4):203-215.

Remington M, Tyrer P, Newson-Smith J, Cicchetti D. Compara-
tive reliability of categorical and analogue rating scales in the as-
sessment of psychiatric symptomatology. Psych Med 1979; 9:765-
770.

Guyatt G, Townsend M, Berman L, Keller J. A comparison of
Likert and visual analogue scales for measuring change in function.
J Chron Dis 1987; 40:1129-1133.

Kalin B, Sellin P, Von Krusenstierna S, et al. Effect of size fraction-
ation on the distribution of an albumin colloid in the reticuloen-
dothelial system of the mouse. Nucl Med Biol 1991; 18(7):817-
820.

Burhenne HJ, Fache JS, eds. Technique of radiologic examination.
4th ed. St. Louis: C. V. Mosby, 1989:529-549. In: Margulis AR,
Burhenne HJ, ed. Alimentary Tract Radiology. Vol. 1.

Hugget AS, Nixon DA. Use of glucose peroxidase and 0-dianisi-

37.

38.

39.

41.

42.

43.

45.

Ann. Surg. « December 1995

dine in determinations of blood and urinary glucose. Lancet 1957,
2:368-370.

Gennaro WE, Van Norman ID. Quantification of free, total and
antibody-bound insulin in insulin-treated diabetics. Clin Chem
1975;21:873-879.

Barker G, Cochrane GM, Corbett G, et al. Actions of glucose and
potassium chloride osmoreceptors slowing gastric emptying. J
Physiol 1974;237:183-186.

Sole C, Noakes T. Faster emptying for glucose-polymer and fruc-
tose solutions than for glucose in humans. Eur J Appl Physiol 1989;
58:605-612.

. Akrabawi S, Mobarhan S, Ferguson P. Gastric emptying (GE 1/

2) and postprandial resting energy expenditure (REE), pulmonary
function (PF) and respiratory quotient (RQ) of a high versus mod-
erate fat enteral formula in chronic obstructive pulmonary disease.
Clin Nutr 1994; 13(suppl 1):P 29 (Abstract).

Davenport H. Physiology of the digestive tract. Chicago: Yearbook
Medical Publishers, 1982:52.

Fordtran J, Saltin B. Gastric emptying and intestinal absorption
during prolonged severe exercise. J Appl Physiol 1967; 23:331-
33s.

Katz H, Butler P, Homan M, et al. Hepatic and extrahepatic insu-
lin action in humans: measurement in the absence of non-steady
state error. Am J Physiol 1993; 27:E56 1-E566.

. Gutniak M, Grill V, Efendic S. Effect of composition of mixed

meals: low versus high carbohydrate content on insulin, glucagon
and somatostatin release in healthy humans and in patients with
NIDDM. Diabetes Care 1986; 9:244-249.

Alibegovic A, Ljungqvist O. Pretreatment with glucose infusion
prevents fatal outcome after hemorrhage in food deprived rats.
Circ Shock 1993; 39:1-6.



