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Abstract Purpose: To compare
nutrient-stimulated changes in supe-
rior mesenteric artery (SMA) blood
flow, glucose absorption and glyca-
emia in individuals older than
65 years with, and without, critical
illness. Methods: Following a 1-h
‘observation’ period (t0–t60), 0.9 %
saline and glucose (1 kcal/ml) were
infused directly into the small intes-
tine at 2 ml/min between t60–t120, and
t120–t180, respectively. SMA blood
flow was measured using Doppler
ultrasonography at t60 (fasting), t90

and t150 and is presented as raw val-
ues and nutrient-stimulated increment
from baseline (D). Glucose absorption
was evaluated using serum 3-O-
methylglucose (3-OMG) concentra-
tions during, and for 1 h after, the
glucose infusion (i.e. t120–t180 and
t120–t240). Mean arterial pressure was
recorded between t60–t240. Data are
presented as median (25th, 75th per-
centile). Results: Eleven
mechanically ventilated critically ill
patients [age 75 (69, 79) years] and
nine healthy volunteers [70 (68, 77)
years] were studied. The magnitude
of the nutrient-stimulated increase in
SMA flow was markedly less in the
critically ill when compared with
healthy subjects [Dt150: patients 115
(-138, 367) versus health 836 (618,
1,054) ml/min; P = 0.001]. In
patients, glucose absorption was
reduced during, and for 1 h after, the

glucose infusion when compared with
health [AUC120–180: 4.571 (2.591,
6.551) versus 11.307 (8.447, 14.167)
mmol/l min; P \ 0.001 and
AUC120–240: 26.5 (17.7, 35.3) versus
40.6 (31.7, 49.4) mmol/l min;
P = 0.031]. A close relationship
between the nutrient-stimulated
increment in SMA flow and glucose
absorption was evident (3-OMG
AUC120–180 and DSMA flow at
t150: r2 = 0.29; P \ 0.05).
Conclusions: In critically ill
patients aged [65 years, stimulation
of SMA flow by small intestinal
glucose infusion may be attenuated,
which could account for the reduction
in glucose absorption.
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Introduction

Mechanically ventilated patients are fed artificially, either
parenterally or enterally [1]. The provision of nutrient via
a nasogastric tube is standard of care [1, 2], as it is easier
to administer, cheaper [1] and associated with fewer
complications than parenteral nutrition [1, 2]. However,
enteral nutrition may be associated with ‘inadequate’
nutrient delivery [3, 4] which, in the critically ill, may
result in increased morbidity, particularly infections [4],
and loss of lean body mass, which in itself may contribute
to ventilator dependency, and prolonged length of stay
[5]. Thus, there is a need to improve the methods used to
administer enteral nutrition.

Abnormally delayed gastric emptying is a major cause
of inadequate nasogastric nutrient delivery in the critically
ill [6]. Delayed gastric emptying can be treated with either
prokinetic drugs [1] or postpyloric delivery of nutrient [5,
7]. While postpyloric nutrition may increase caloric
delivery [8–11], absorption of glucose [as assessed by the
non-metabolised analogue, 3-O-methylglucose (3-OMG)],
is markedly reduced in the critically ill [12], which is
likely to also apply to other nutrients [13]. Because of the
complications associated with inadequate nutrition, it is
important to define potential mechanisms underlying dis-
ordered glucose absorption in the critically ill.

Glucose is absorbed predominantly in the proximal small
intestine via a sodium-glucose co-transporter (SGLT-1) at
the luminal membrane and glucose transporter-2 (GLUT-2)-
facilitated diffusion at the basolateral membrane [14].
Decreased small intestinal perfusion may logically reduce
glucose absorption via effects on the transporters [15]. The
luminal SGLT-1 is driven by the electrochemical gradient
generated by a basolateral sodium–potassium adenosine
triphosphate (ATP)ase [16]. Reduced perfusion would
diminish both the oxygen available for ATPase activity and
the glucose concentration gradient across the basolateral
membrane that drives GLUT-2-mediated facilitated diffu-
sion. While glucose malabsorption has been demonstrated in
the critically ill [12, 17, 18], the underlying mechanisms are
unknown, and nutrient-mediated splanchnic blood flow has
not been adequately investigated in this group.

In health, small intestinal nutrient markedly increases
superior mesenteric artery (SMA) blood flow [19], and in
persons[65 years this increase in SMA flow is associated
with a reduction in systemic blood pressure [19, 20].
Moreover, the reduction in blood pressure induced by
glucose is load dependent, such that small intestinal
infusion rates of glucose at 2–3 kcal/min, but not 1 kcal/
min, reduced blood pressure [21]. However blood pressure
was evaluated using an oscillometric technique, which is
inferior to invasive arterial measurements [22]. Because
any reduction in systemic blood pressure is potentially
hazardous to the critically ill [23], it is surprising that the
relationship between small intestinal glucose infusion and

blood pressure in this group has not been investigated.
However, if small intestinal nutrient is associated with
either increased SMA flow, or a fall in systemic blood
pressure, it is most likely to be seen in patients[65 years,
given that small intestinal glucose is known to reduce
blood pressure in healthy individuals[65 years [24], but
has little effect in younger subjects [21].

The primary aim of this study is to evaluate the effect
of critical illness on SMA blood flow both in the fasted
state and in response to small intestinal infusion of glu-
cose at 2 kcal/min in subjects older than 65 years. We
hypothesised that the nutrient-stimulated increase in SMA
flow would be less in critically ill patients aged[65 years
than in age-matched healthy subjects. Secondary aims are
to measure the effect of critical illness on glucose
absorption, systemic mean arterial pressure (MAP) and
glycaemia in response to small intestinal glucose infusion,
and relate these effects to those observed on SMA flow.

Methods

Subjects

Patients

Mechanically ventilated patients [65 years who were
receiving, or suitable to receive, enteral nutrition via a
postpyloric feeding catheter were recruited from the
Intensive Care Unit at the Royal Adelaide Hospital.
Written, informed consent was obtained from patients’
next of kin. Exclusion criteria included previous surgery
on the oesophagus, stomach or duodenum, any gastroin-
testinal surgery during their current hospital admission,
patients in whom MAP was required to be [80 mmHg
(e.g. patients with intracerebral arterial vasospasm),
patients receiving exogenous catecholamine infusion
(noradrenaline and/or adrenaline) [30 lg/min, known
diabetes mellitus, patients receiving antihypertensive
medications [i.e. prescribed in the previous 24 h (IV or
enteral)], and body mass index (BMI) [32 kg/m2. While
administration of prokinetic drugs was not a formal
exclusion criterion, none of the subjects received these
agents in the 12 h prior to the commencement of the study.

Controls

Tube-tolerant healthy volunteers [65 years, recruited
from an existing database, were studied. Exclusion cri-
teria comprised contraindication to either naso-duodenal
feeding or radial artery catheter placement, previous
gastrointestinal surgery or disease, use of antihypertensive
medications or medications known to affect gastrointes-
tinal motility, BMI [32 kg/m2, known diabetes mellitus,
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smoking[10 cigarettes/day, alcohol consumption[20 g/
day.

The protocol was approved by the Human Research
Ethics Committee of the Royal Adelaide Hospital, per-
formed according to Australian National Health and
Medical Research Centre guidelines for the conduct of
research on unconscious patients, and registered with the
Australian New Zealand Clinical Trials Registry (http://
www.anzctr.org.au, ID 336577).

Protocol

Patients

Patients were studied after a fast of C8 h. If insulin was
being administered, infusions were ceased at least 2 h
prior to study commencement. Postpyloric feeding tubes
were inserted using a non-invasive technique described
previously [25], and correct placement confirmed on
abdominal radiography.

Controls

Healthy subjects were instructed to drink 250 ml Ensure
(Abbott laboratories BV, Zwolle, Holland), a 1 kcal/ml
mixed nutrient liquid, at 2200 hours before fasting over-
night. This was undertaken in an attempt to replicate the
enteral feeding that occurs in the critically ill. Subjects
then arrived at the Royal Adelaide Hospital at
0830 hours. Following subcutaneous injection of local
anaesthetic, a catheter was inserted into the radial artery.
A postpyloric tube was then inserted via an anaesthetised
nostril, using the same technique as in the critically ill
[25].

As insertion of catheters may cause ‘stress’, particu-
larly in volunteers, once all catheters were in place a
60-min ‘observation’ period was undertaken. At t60,
0.9 % saline was infused into the duodenum at 2 ml/min
until t120. Between t120 and t180, an infusion of nutrient
[30 g D-(?)-glucose monohydrate ? 3 g 3-OMG (Sigma-
Aldrich, Castle Hill, NSW, Australia) dissolved in water
to a total of 120 ml] was infused into the duodenum at a
rate of 2 kcal/min. A 60-min ‘postprandial observation’
period was undertaken from t180 to t240. Insulin was not
administered during the study period.

Measurements

Superior mesenteric artery blood flow

Superior mesenteric artery (SMA) blood flow velocity
was measured by duplex ultrasonography (Philips iE33
xMATRIX, Bothell, WA, USA) [26]. In brief, the
investigator measured the diameter of the SMA during

systole from magnified B-mode longitudinal images of
the SMA (Fig. 1a). The investigator and ultrasound
machine were kept constant. A 3.5C broad-spectrum
2.5–4-MHz convex transducer was used to scan subjects
at each time point [t60 (baseline), t90 (during small
intestinal saline infusion), t120 (at end of small intestinal
saline infusion), t150 (during small intestinal glucose
infusion), t180 (at end of small intestinal glucose infusion)
and t240 (at the end of the study)]. Blood flow (ml/min)
measurements were calculated immediately, using the
formula: p 9 r2 9 TAMV 9 60, where r is the radius of
the superior mesenteric artery and TAMV is the time-
averaged mean velocity [26]. The angle between the
Doppler and the mesenteric artery was always \60�
(Fig. 1b).

Serum 3-O-methylglucose, glycaemia and glycated
haemoglobin

Arterial samples were taken every half hour from t60 to
t120, at t125, t135, then every 15 min from t120 to t240.

Fig. 1 a Ultrasound screen during superior mesenteric artery
diameter measurement. b Ultrasound screen during superior
mesenteric artery velocity blood flow measurement
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Serum was separated by centrifugation (3,200 rpm for
15 min at 4 �C) and stored at -70 �C for subsequent
analysis. Serum 3-OMG was measured using liquid
chromatography/mass spectroscopy, with an assay sensi-
tivity of 0.0103 mmol/l [12]. Blood glucose concen-
trations were determined using a portable glucose meter
(MediSense Precision; Abbott Laboratories, MediSense
Products, Bedford, MA, USA). Glycated haemoglobin
(HbA1c) concentration was determined from fasting
arterial blood samples and measured using high-perfor-
mance liquid chromatography (Variant II Turbo; Bio-Rad
Laboratories, CA, USA).

Mean arterial pressure

Mean arterial pressures (MAP) were recorded from the
arterial catheter every 2 min and reported as the mean
over 10 min.

Statistical analysis

All analyses were conducted using SPSS version 16.0
(SPSS Inc., Chicago, IL, USA). As some data were
skewed, they are presented as median (25th, 75th per-
centile). Specific time points were chosen a priori. These
were baseline (t60), during saline infusion (t90), during
nutrient infusion (t150), at the end of the nutrient infusion
(t180) and at the end of the study (t240). As the SMA,
glycaemia and MAP data were significantly different at
baseline between patients and healthy subjects, these
data are also presented as change from baseline. 3-OMG
area under the curve (AUC) was calculated using the
trapezoidal rule. Time to peak (TTP) was used to

determine total and rate of glucose absorption respec-
tively. All comparative data (patient versus healthy
subject) were analysed using Mann–Whitney U test.
Comparisons between SMA flow values as change from
baseline during saline (Dt90) and change from baseline
during nutrient (Dt150) were calculated using Wilcoxon
signed-rank test. P value B0.05 was considered
significant.

Results

The studies were well tolerated, and there were no
adverse events evident. Eleven critically ill patients and
nine healthy subjects were studied (Table 1). Satisfactory
ultrasound assessment of SMA blood flow was obtained
from all patients enrolled into the study.

SMA flow

Fasting SMA flow was increased in patients when com-
pared with health, but flow was reduced in patients during
small intestinal glucose infusion (Fig. 2a, b).

A similar magnitude of change in SMA flow was
observed in each group during saline [Dt90: patients 55
(-149, 260) versus health 99 (-35, 232) ml/min;
P = 0.545], at the end of the glucose infusion [Dt180: 170
(-204, 544) versus 711 (366, 1056) ml/min; P = 0.056]
and at the study end [Dt240: 42 (-118, 202) versus 114
(-91, 319) ml/min; P = 0.72]. However, the increase in
SMA flow during small intestinal glucose was markedly
attenuated in patients when compared with controls
(Fig. 2a, b).

Table 1 Demographics of study participants

Critically ill patients
(n = 11)

Healthy subjects (n = 9)

Age (years) 75 (69, 79) 70 (68, 77)
Sex (M:F) 8:3 7:2
BMI (kg/m2) 25 (19, 31) 26 (25, 28)
HbA1c (%) 6.0 (5.7, 6.3) 5.9 (5.5, 6.2)
APACHE II score (study day) 21 (12, 21) N/A
Diagnosis Neurological (4), infective (3),

cardiac (2) and trauma (2)a
N/A

Length in ICU at study day (days) 3 (2, 4) N/A
Serum creatinine [120 mmol/l on

day of study (n)
3 N/A

Received catecholamines (n) 1 N/A

Data are median (25th, 75th percentile)
ICU intensive care unit, M male, F female, BMI body mass index,
HbA1c glycated haemoglobin, APACHE Acute Physiology and
Chronic Health Evaluation
a Neurological (4), subarachnoid haemorrhage (1), ischaemic
stroke (1), subdural hematoma (1), status epilepticus (1). Infective

(3): community-acquired pneumonia (2) and hospital-acquired
pneumonia (1). Cardiac (2): cardiac failure (1) and postcardiac
surgery (1). Trauma (2): blunt chest/pelvis trauma (1) and burn
injury (1)
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3-O-Methylglucose concentrations (glucose
absorption), glycaemia and glycated haemoglobin

In both groups serum 3-OMG rose during the small
intestinal glucose infusion (t120–t180) and had not returned
to baseline at t240. In patients glucose absorption (3-OMG
AUC) was reduced during glucose infusion (Fig. 3a). This
difference continued until the study end (Fig. 3a). When
analysing individual time points 3-OMG concentrations
were lower in patients compared with controls during
[t150: 0.06 (0.03, 0.09) versus 0.15 (0.11, 0.19) mmol/l;
P = 0.01] and at the end of glucose infusion [t180: 0.20
(0.14, 0.27) versus 0.51 (0.47, 0.56) mmol/l; P = 0.001].
In addition, peak 3-OMG concentrations were reduced in
patients compared with control [Peak3-OMG: 0.47 (0.30,
0.63) versus 0.71 (0.52, 0.88) mmol/l; P = 0.01]. The

time to peak concentration was comparable between the
two groups [TTP3-OMG: 210 (210, 240) versus 195 (195,
210) min; P = 0.23].

Blood glucose was higher in patients at baseline and at
the end of the study (Fig. 3b). While glycaemia was
comparable between groups during [t150: 8.1 (6.6, 9.7)
versus 7.4 (6.6, 8.2) mmol/l; P = 0.37] and at the end of
the glucose infusion [t180: 10.7 (9.0, 12.5) versus 9.7 (9.3,
10.2) mmol/l; P = 0.37], overall glycaemic response was
greater in the critically ill (Fig. 3b).

The change in glycaemia from baseline was less in
patients during the glucose infusion [Dt150: 1 (0.3, 1. 8)
versus 2.1 (1.5, 2.7) mmol/l; P = 0.02], but greater at the
end of the study [Dt240: 2.4 (1.3, 3.5) versus 0.0 (-0.6,
0.6) mmol/l; P = 0.001]. Change in glucose concentration
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Fig. 2 Superior mesenteric artery blood flow in a healthy subjects
(filled squares) and b critically ill patients (open circles). Fasting
SMA flow was greater in patients [t60: patients 636 (379–894)
versus health 402 (325–480) ml/min; P = 0.001]. However, during
glucose infusion, SMA flow was reduced in patients [t150: 1,050
(808, 1,292) versus 1,212 (1,030, 1,393) ml/min; P = 0.026].
Accordingly, the magnitude of the nutrient-stimulated increase in
SMA flow was markedly less in the critically ill when compared
with healthy subjects [Dt150: 115 (-138, 367) versus 836 (618,
1,054) ml/min; P = 0.001]. Data in the figure represent median of
the cohort at time points (fasting and t150) in bold with individual
subjects represented by dotted lines. Analysis is reported as median
and interquartile ranges of the difference within subject
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Fig. 3 a Serum 3-OMG concentrations. In the critically ill glucose
absorption was reduced during the glucose infusion [AUC120–180:
patients 4.6 (2.6, 6.6) versus health 11.3 (8.4, 14.2) mmol/l min;
P \ 0.001], which was sustained until study end [AUC120–240 26.5
(17.7, 35.3) versus 40.6 (31.7, 49.4) mmol/l min; P = 0.031].
b Blood glucose concentrations. Glucose concentrations were
greater at the start and end of the study [t60: 6.7 (5.1, 8.3) versus 5.2
(4.8, 5.6) mmol/l; P = 0.006 and t240: 9.4 (8.4, 10.5) versus 5.7
(4.8, 6.6) mmol/l; P \ 0.001]. Overall glycaemic response to
nutrient was greater in the critically ill [AUCGLYCAEMIA: 1,453
(1,162, 1,743) versus 1,190 (1,097, 1,283) mmol/l min;
P = 0.007]. Critically ill patients (open circles, n = 11) and
healthy subjects (filled squares, n = 9). Data are median and
interquartile ranges
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was similar at the end of the glucose infusion [Dt180: 3.3 (2.0,
4.6) versus 4.4 (4.0, 4.8) mmol/l; P = 0.23].

Peak glycaemia was comparable [PeakGLYCAEMIA:
11.6 (10.3, 13.0) versus 9.9 (8.9, 10.9) mmol/l;
P = 0.112], but the time taken for the glycaemia to peak
was later in patients compared with healthy subjects
[TTPGLYCAEMIA: 195 (195, 195) versus 180 (169,
192) min; P = 0.003].

Glycated haemoglobin concentrations were\6.5 % in
all subjects (Table 1).

Mean arterial pressure

Mean arterial pressure (MAP) was lower in patients at
baseline [t60: 83.3 (72.0, 95.0) versus 107.5 (95.1,
119.9) mmHg; P = 0.01] and at the end of the study [t240:
90.9 (81.6, 100.2) versus 107.0 (95.5, 118.5) mmHg;
P = 0.043], but comparable at all other time points [t90:
91.5 (84.5, 98.5) versus 106.5 (95.5, 117.5) mmHg;
P = 0.62; t150: 92.1 (82.2, 101.9) versus 100.4 (89.9,
111.9) mmHg; P = 0.152; t180: 85.4 (73.4, 97.3) versus
98.9 (89.7, 108.1) mmHg; P = 0.156].

In healthy subjects there was a significant reduction in
MAP at the end of glucose infusion, but in the critically ill
MAP was stable during the glucose infusion (Fig. 4).

Relationships of SMA flow with glucose absorption
and MAP

There was a strong association between SMA flow and
total glucose absorption in all subjects (Fig. 5). However,
there was no significant relationship between the change
in SMA flow and the change in MAP during glucose
infusion.

Discussion

This study suggests that in critically ill patients[65 years
fasting SMA flow is greater than in healthy subjects, but
the glucose-stimulated increment in SMA blood flow is
markedly attenuated. The latter finding may account for
the absence of any effect of small intestinal glucose on
MAP in this group. The study also reaffirms that small
intestinal glucose absorption is diminished in the criti-
cally ill despite elevated glycaemia, and supports the
hypothesis that this may be attributable to an attenuation
of glucose-stimulated increases in SMA flow.

Small intestinal nutrient stimulates an increase in
hepatosplanchnic blood flow in both septic [27] and
postcardiac surgery [28] patients. In a study by Rokyta

et al. [27] no change in MAP was observed in septic
patients, which contrasts with the effect in healthy per-
sons[65 years [20]. In these previous studies, however,
glucose absorption was not measured [27]. Moreover,
the investigators delivered a mixed nutrient (carbohy-
drate, fat, protein) liquid [27, 28] at a load (0.75 kcal/
min) [27] not known to stimulate changes in SMA flow
in health and less than recommended standard feeding
regimens. Both studies also measured SMA flow using
indocyanine green clearance. Rokyta et al. measured
hepatosplanchnic blood flow by the Fick principle using
continuous primed indocyanine green infusion with
hepatic vein catheterization, while Revelly et al. used
the less accurate method of systemic clearance of indo-
cyanine green as a surrogate for hepatosplanchnic blood
flow. The accuracy of indocyanine green clearance to
measure hepatosplanchnic blood flow relies on adequate
hepatic perfusion and function, which is frequently dis-
ordered in the critically ill. Using ultrasound, Gatt and
colleagues [29] observed increased SMA flow in hospi-
talized patients following enteral nutrition. However,
only three mechanically ventilated patients were studied,
and, accordingly, the results cannot be considered as
representative of the critically ill. Furthermore, intra-
gastric nutrient was administered, and, as gastric
emptying is highly variable in this group [6], the nutrient
stimulus was poorly controlled, in contrast to small
intestinal nutrient infusion, which has the capacity to
deliver a predictable load. For these reasons mesenteric
blood flow during enteral feeding had, hitherto, been
inadequately quantified in the critically ill. Despite the
lack of studies in this area, it is widely considered by
many authorities that mesenteric blood flow is markedly
reduced in this group [30].

In patients, the fasting (baseline) SMA flow was
increased, which is contrary to the previously held belief
that gastrointestinal blood flow is reduced in critical ill-
ness. There are a number of possible mechanisms. In
some critically ill patients, transit of chyme through the
small intestine may be impaired [12], such that an 8-h fast
is insufficient to allow complete clearance of chyme,
resulting in nutrient stimulation during the ‘fasting’ per-
iod in the critically ill. A hyperdynamic circulation, which
may be due to increased cardiac output and/or hypervol-
aemia, also may contribute to the increased mesenteric
artery blood flow (while receiving a similar percentage of
cardiac output). It is possible that the reduced increment
in blood flow in the critically ill in response to nutrient
may have been due to the elevated blood flow at baseline.
However this is unlikely given that blood flows as sub-
stantial as 2,500 ml/min have been recorded in response
to nutrient exposure in health [31], suggesting that the
800–1,200 ml/min recorded in these patients is sub-
maximal.
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The amount of glucose absorbed, as indicated by the
3-OMG AUC, was substantially less in patients com-
pared with healthy subjects both during small intestinal
glucose infusion and throughout the study. These data
are consistent with our previous study in an unselected
group of critically ill patients [12]. It is unlikely that
fasting hyperglycaemia per se explains the reduction in
glucose absorption that was observed in the critically
ill—as hyperglycaemia in the physiological range has
been shown to increase, rather than reduce, glucose
absorption [24]. In addition, because 3-OMG was
administered directly into the small intestine, the effect
is not attributable to a difference in gastric emptying,
highlighting that abnormalities within the small intestine
must contribute to this phenomenon. An association
between nutrient-stimulated SMA flow and glucose
absorption was apparent, suggesting that disordered

SMA flow may contribute to reduced absorption in the
critically ill. Despite attenuation of glucose absorption in
the critically ill, the glycaemic response was similar,
likely reflecting disordered glucose handling in critically
ill patients [12].

There are limitations to this study. Both groups com-
prised small numbers with clinical heterogeneity.
However, despite this limitation there was significant
difference in baseline and incremented SMA flow
between our patient group and healthy subjects. We used
3-OMG to estimate glucose absorption, but the serum
concentrations had not returned to zero at the study end.
However, 3-OMG is cleared unchanged by the kidneys,
and renal function is commonly impaired in the critically
ill even when markers, such as serum creatinine, are
within ‘normal’ limits [32], which would have favoured a
false-negative result. We did not measure cardiac output
and, therefore, are unable to quantify the percentage of
blood flow that was directed to the SMA. It should be
noted, however, that our hypothesis was that flow would
be reduced, rather than increased, when compared with
health. It should also be recognised that only SMA blood
flow was measured, and micro-circulation at the mucosal
surface may not reflect circulatory changes in the SMA
[33]. Furthermore, even in health the use of ultrasound to
measure SMA flow is technically demanding [26], and
while ultrasound as a modality to measure mesenteric
blood flow in the critically ill is appealing, it is not yet
established. Finally, only three of the patients were
admitted because of sepsis, and only one was receiving
catecholamine infusion. For this reason our data should be
extrapolated cautiously to critically ill patients with
shock.

In summary, this study suggests that fasting SMA flow
is increased whereas glucose-stimulated increases in
SMA flow are markedly attenuated in critically ill patients
[65 years when compared with health. In healthy sub-
jects[65 years glucose-stimulated increases in SMA flow
were associated with a reduction in MAP and greater
glucose absorption. In comparison, the patients[65 years
absorbed less glucose and no effect on MAP was
observed during small intestinal glucose infusion. Thus,
reduced glucose absorption in critically ill relatively
haemodynamically stable patients older than 65 years
may reflect, at least in part, diminished nutrient-stimu-
lated perfusion of the absorptive surface of the small
intestine.
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