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Abstract

AIM: To investigate the proximal gastric motor response
to duodenal nutrients in critically ill patients with long-
standing type 2 diabetes mellitus.

METHODS: Proximal gastric motility was assessed (using
a barostat) in 10 critically ill patients with type 2 diabetes
mellitus (59 = 3 years) during two 60-min duodenal
infusions of Ensure® (1 and 2 kcal/min), in random order,
separated by 2 h fasting. Data were compared with 15
non-diabetic critically ill patients (48 £ 5 years) and 10
healthy volunteers (28 + 3 years).

RESULTS: Baseline proximal gastric volumes were
similar between the three groups. In diabetic patients,
proximal gastric relaxation during 1 kcal/min nutrient
infusion was similar to non-diabetic patients and
healthy controls. In contrast, relaxation during 2 kcal/
min infusion was initially reduced in diabetic patients
(P < 0.05) but increased to a level similar to healthy
humans, unlike non-diabetic patients where relaxation
was impaired throughout the infusion. Duodenal nutrient
stimulation reduced the fundic wave frequency in a
dose-dependent fashion in both the critically ill diabetic
patients and healthy subjects, but not in critically ill
patients without diabetes. Fundic wave frequency in
diabetic patients and healthy subjects was greater than
in non-diabetic patients.

CONCLUSION: In patients with diabetes mellitus,
proximal gastric motility is less disturbed than non-
diabetic patients during critical illness, suggesting that
these patients may not be at greater risk of delayed
gastric emptying.
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INTRODUCTION

In the community, approximately 50% of patients with
type 1 or 2 diabetes mellitus (DM) have gastroparesis'".
Although gastric emptying of either a solid or semi-solid
meal is consistently slow in these patients, gastric emptying
of liquid meals is variable! ¥, The aetiology of slow gas-
tric emptying and the variable rate of liquid emptying are
unclear, but may be related to hyperglycemia or autonomic
neuropathy“’sﬂ, factors that result in motor dysfunction of
both the proximal and distal stomach™"".

Delayed gastric emptying is also common in critically
ill patients”""! and is associated with disturbed motility of
both the proximal and distal stomach"”'*". In health, the
proximal stomach is a major determinant of liquid gas-
tric emptying and is regulated by feedback from the small
intestine. In health, the fundus relaxes in response to the
presence of nutrient in the duodenum!?, Critically ill pa-
tients without DM have been reported to have impaired
proximal gastric relaxation, reduced fundic wave activity
and a failed recovery of proximal gastric volume to pre-
stimulation level. Currently, there are no data on the im-
pact of DM on gastric motor function or emptying during
critical illness, despite the fact that one-third of patients
admitted to critical care units have DM, Given that both
DM and critical illness ate risk factors for disturbed gastric
motility, we hypothesized that critically ill patients with
DM would have abnormal proximal gastric motor activity
during fasting and in response to duodenal nutrient infu-
sion, compared to non-diabetic critically ill patients and
healthy humans.

MATERIALS AND METHODS
Subjects

Studies were performed in 25 sedated and mechanically
ventilated critically ill patients, who were admitted to a
level-3 mixed intensive care unit between January and Sep-
tember 2004. All patients required enteral nutrition. Ten
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patients had documented type 2 DM with a mean dura-
tion of 7.9 £ 1.8 years. Seven of the diabetic patients had
required insulin therapy prior to ICU admission. Formal
testing for the presence of autonomic neuropathy was not
performed. Fifteen critically ill patients without diabetes
mellitus served as patient controls. Exclusion criteria for all
patients were (1) recent major abdominal surgery, (2) any
contra-indication to passage of an enteral tube, (3) admin-
istration of opioid analgesia, benzodiazepines or prokinetic
therapy within the previous 24 h, and (4) previous gastric,
oesophageal or intestinal surgery. All patients received an
insulin infusion for blood glucose control according to a
standardized protocol that started on admission and aimed
to maintain blood glucose concentrations between 5.0 and
7.9 mmol/L. Data from both patient groups were com-
pared to 10 healthy volunteers, who had no history of sys-
temic or gastrointestinal disease and were not taking any
medication. Healthy volunteers were instructed to refrain
from smoking for 24 h prior to the study.

Written informed consent was obtained from healthy
subjects and the next of kin of patients ptior to entolment
into the study. The protocol was approved by the Human
Research Ethics Committee of the Royal Adelaide
Hospital.

Measurement of proximal gastric motility

Proximal gastric motility was measured using an electronic
gastric barostat” (Distender Series II; G&J Electronics,
Ontario, Canada). A thin flaccid-walled bag with a maxi-
mum capacity of 1000 mL was attached to the distal end
of the assembly, which was connected to the system iz
pressure and volume ports. Changes in proximal gastric
volume were measured indirectly by changes in the volume
of the polyethylene bag.

Data were stored onto a Powermac 7100 computer
(Apple Computer, Cupertino, CA), using custom-written
data-acquisition software (Labview: National Instruments,
Austin, TX). This software was also used to program the
barostat to perform distensions in stepwise increments.
Recorded data were imported into a display and analysis
program (Acqknowledge, Biopac System, Goleta, CA) for
manual analysis.

Blood glucose concentrations

Matrked hyperglycaemia may alter small intestinal feedback
and adversely affect gastric motility” . Blood glucose con-
centrations were measured using a portable glucometer
(Precision Plus, Abbott Laboratories, Bedford, USA) im-
mediately before and every 20 min during nutrient infu-
sion.

Protocol

All subjects were studied after at least 6 h fasting and in
a 30 degree recumbent position. To standardise the seda-
tive regimen in patients, propofol alone was used, and
opioids, benzodiazepines or prokinetic agents were not
administered for 24 h prior to and during the study. In pa-
tients, placement of both the barostat catheter and post-
pyloric feeding tube were performed at the bedside with
endoscopic assistance, without additional sedation to that
required for ventilation. A 12 French X 114 cm naso-duo-

denal feeding tube (Flexiflo, Abbott, Ireland) was inserted
into the duodenum over a guidewire (THSF-35-260, Cook,
Australia). The barostat catheter was then guided through
the mouth into the stomach by the endoscope. The baro-
stat bag was inflated with 400 mL of air and gently retract-
ed into the fundus under direct vision. Gastric contents (ait
and fluid) were aspirated completely prior to withdrawal of
the endoscope. Correct placement of the feeding tube was
confirmed by measurement of the duodenal trans-mucosal
potential difference (TMPD)" and subsequently by radi-
ography"”.

In healthy subjects, the barostat assembly and feeding
tube were swallowed and allowed to pass into the cor-
rect position spontaneously, without the assistance of
endoscopy. Duodenal nutrient infusion was achieved by
inserting a silicon-rubber catheter (Dentsleeve, Adelaide,
Australia) with a central feeding lumen and lead-weighted
tip into the stomach. The tube passed spontaneously into
the duodenum using phase 2 and 3 of the migrating motor
complex. Movement of the catheter into the correct posi-
tion was monitored continuously by measurement of the
antro-duodenal TMPD gradient"”. Radiological confirma-
tion was not performed in healthy subjects. The barostat
catheter was then inserted to a depth of 55 cm, the bag
inflated with 400 mL of air and the assembly pulled back
until resistance was felt'"",

Following confirmation that both assemblies were
positioned cortectly, air in the barostat bag was aspirated
manually and the catheter was connected to the barostat
pump. The minimum distending pressure (MDP), defined
as the first pressute level that provided an intragastric bag
volume of more than 30 mL, was determined"”. The intra-
bag pressure for the study was set at MDP + 2 mmHg'"",
All studies began with a 15-min baseline recording, during
which normal saline (0.9% NaCl) was infused into the du-
odenum at a rate of 240 mL/h (baseline 1). Each subject
then received two 60 minute duodenal infusions of En-
sure” (Abbott Laboratories, Ohio, USA; nutrient content:
13% protein, 64% catbohydrate, 21% fat; energy density:
1 kcal/mL) at 1 and 2 kcal/min, in a randomised order.
Ensure” was diluted with normal saline to 1:4 for the 1
kcal/min infusion and to 1:2 for 2 kcal/min infusion, and
infused at a rate of 240 mL/h. The nutrient infusions were
separated by a 2 h ‘washout period’, consisting of 90 min
of no infusion, followed by 30 min of intraduodenal saline
infusion (baseline 2). Blood samples for the measurement
of blood glucose concentration were collected at baseline
and every 20 min during nutrient infusion. Barostat re-
cordings were performed continuously over 4 h. The study
protocol is outlined in Figure 1.

Data analysis

Intra-bag volumes were determined at 2-min intervals
and the mean baseline volume was measured over 10 min
before each infusion. Changes in intra-bag volume duting
nutrient infusion were calculated as the difference between
the actual volume and the mean baseline volume. The seti-
al changes in bag volume during the infusions were plotted
and compared. Proximal gastric relaxation was indirectly
inferred by an increase in bag volume!"”. The time course
for the proximal stomach to return to baseline volume af-
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————— Barostat Recording .
Fasting (6 h) |Baseline 1{Nutrient infusion 1| Wash-out period | Baseline 2| Nutrient infusion 2
(1 or 2 keal) (no infusion) (2 or 1 keal)
L 1 1 1 1 |
T 15 min 60 min 90 min 30 min 60 min
_ Diabetic ICU Non-diabetic Healthy
Placement of assemblies patients ICU patients subjects
MDP determination @ = 10) n = 15) @ = 10)
Study pressure (MDP + 2 mmHg)
Age (yr) 59FHCH 48 +5° 28+3
. . . M:F B 12: 74
Figure 1 Schematic outline of study protocol. Gender ( R ) > 3 3
BMI (kg/m") 35+ 3° 271 25+1
APACHE II score
On admission 28.6+15 23.2+0.8 N/A
ter nutrient stimulation was assessed by analysis of the 2 h On study day 247+15 211+13
Diagnoses Sepsis (3) Sepsis (3) N/A

“no-infusion” period; and was defined as the time taken
for the relaxed fundus to return to pre-stimulation level
for > 5 min. Assessment of fundic slow volume waves
(FW) was also performed. These were defined as changes
in proximal gastric volume of greater than 30 mL that
reverted in less than 2 min to a volume within 50% of the
previous level'”. The number and amplitude of FWs (per
10 min) was determined during fasting and in response to
duodenal nutrient infusion.

Statistical analysis

Data are expressed as mean = SE. Differences in
demographic characteristics, baseline volumes, MDP, FW
frequency, peak volume response and the time required
for the proximal stomach to return to baseline volume,
were compared between the three groups using Student's
unpaired ~test. ANOVA was used to compare the proximal
gastric volume, fundic wave and blood glucose responses
to nutrient infusion between the groups, with time and
treatment as the factors. A P value < 0.05 was considered
statistically significant.

RESULTS

Oral intubation of the assembly was tolerated well by all
subjects and no complications occurred in any group.
Demographic characteristics of the study groups are
summarized in Table 1. The MDP was higher in both
patient groups compared to healthy subjects (P < 0.05),
but was similar between diabetic and non-diabetic patients
(Table 2). Baseline proximal gastric volumes were similar
between the three groups.

Proximal gastric volume response to duodenal nutrients
In response to duodenal nutrients, healthy volunteers
demonstrated a “biphasic” proximal gastric volume
response. Following an initial rapid relaxation, the fundus
partially contracted and then exhibited a sustained
relaxation throughout the remainder of the infusion
(Figure 2). In non-diabetic critically ill patients, there was
an overall impairment of both the initial and later phase of
the response. In diabetic patients, however, there was an
absence of the initial response in the first 20 min during
both 1 and 2 kcal/min infusions. Thereafter, the proximal
gastric volume increased to the level observed in healthy
volunteers.

During the 1 kcal/min infusion there was no difference
in the proximal gastric volume response between diabetic
critically ill patients and the other two groups. However,
during the first 20 min of the 2 kcal/min infusion, the
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Pneumonia (3) Pancreatitis (2)

Severe asthma (1) Head trauma (2)

MVA (1) MVA (3)
Angioedema (1) Cardiac failure (2)
Sub-arachnoid Burn (1)
haemorrhage (1) Lung abscess (1)

Meningitis (1)

MVA: Motor Vehicle Accident. °P < 0.05 vs healthy subjects; ‘P < 0.05 vs
healthy subjects and non-diabetic critically ill patients.

Diabetic ICU  Non-diabetic  Healthy
patients ICU patients  subjects
(n =10) (n = 15) (n =10)
MDP (mmHg) 11.9+1.0° 11.3+1.2° 71+£0.6
Baseline intra-gastric 187 +43 197 £22 182+19
volume (mL)
Time to recovery of 41+15° 83+11° 15+4

baseline volume following
infusion (min)

°P < 0.05 vs healthy subjects; P < 0.05 vs diabetic patients and healthy
subjects.

proximal gastric volume was significantly smaller in
diabetic critically ill patients than in non-diabetic critically
ill patients and healthy subjects. Thereafter, the proximal
gastric volume of diabetic patients was greater than that
of non-diabetic patients and similar to healthy subjects

(Figure 2).

Recovery of proximal gastric volume after nutrient
stimulation

The proximal gastric volume returned to baseline level
within 60 min following cessation of nutrient stimulation
in all diabetic patients and healthy subjects, but in only 2
of the 15 non-diabetic patients. In diabetic patients, the
time taken for the proximal gastric volume to return to
baseline level was significantly shorter than in non-diabetic
patients and longer than healthy subjects (Table 2).

Fundic volume wave frequency

At baseline, the mean frequency of FWs in diabetic
patients (10.2 + 1.7 waves/10 min) was similar to that of
healthy subjects (11.8 £ 0.9 waves/10 min; P = 0.38), but
was higher than non-diabetic patents (7.0 + 0.8 waves/10
min; P < 0.05; Figure 3).
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2 kcal/min
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Change in proximal gastric volume (mL)

==nx Diabetic, ICU pts
Non-diabetic, ICU pts
— Healthy subjects

Figure 2 Changes in proximal gastric
volume during duodenal nutrient stim-
ulation (1 and 2 kcal/min) in critically
ill patients and healthy subjects. °P
< 0.05, ICU patients vs healthy sub-
jects during 0-30 min; °P < 0.05, non-
DM patients vs diabetic patients and
healthy subjects during 30- 60 min.

Figure 3 Frequency of fundic slow
wave contractions at baseline and
during duodenal nutrient infusion
(1 and 2 kcal/min) in critically ill
patients and healthy subjects. °P <
0.05 vs healthy subjects and diabetic
patients at baseline; °P < 0.05 vs
healthy subjects and diabetic pa-
tients during 1 kcal infusion; °P < 0.05
vs healthy subjects during 2 kcal
e infusion.

—4— Diabetic, ICU pts
-# Non-diabetic, ICU pts
—o— Healthy subjects
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The impact of duodenal nutrient stimulation on the
frequency of FWs in diabetic patients was similar to
that of healthy subjects but differed from non-diabetic
patients (Figure 3). Nutrient stimulation with 1 kcal/min
infusion did not reduce the mean frequency of FWs
in either diabetic patients (9.0 + 2.0 waves/10 min) or
healthy subjects (9.9 £ 1.0 waves/10 min), in contrast
to non-diabetic patients (4.4 * 0.9 waves/10 min; P <
0.05). However, in all 3 groups the 2 kcal/min nuttient
infusion significantly reduced the mean frequency of FWs
compared to baseline (diabetic: 3.9 + 1.1 waves/10 min,
P < 0.05; healthy: 7.6 = 0.8 waves/10 min, P < 0.001;
non-diabetic: 4.2 * 0.9 waves/10 min, P < 0.05). The
magnitude of reduction in FW frequency during 2 kcal/
min was greatest in diabetic patients (-6.6 £ 1.7 waves/10
min), compared to healthy subjects (-4.0 = 0.7 waves/10
min, P < 0.05) and non-diabetic patients (-1.9 = 0.6, P <
0.001; Figure 3).

Overall, the frequency of FWs in diabetic patients
during 1 kcal/min infusion was similar to that of healthy
subjects, but was higher than non-diabetic patients. In
contrast, due to the greater magnitude of reduction in FW
frequency by a higher nutrient load, fundic wave activity
during 2 kcal/min infusion in diabetic patients was similar
to that of non-diabetic patients, but less than that of
healthy subjects (Figure 3).

Blood glucose concentrations
Overall, both fasting and nutrient-stimulated blood glucose

concentrations were higher in critically ill patients than
in healthy subjects (Figure 4). There were no significant
differences in blood glucose concentrations between
diabetic and non-diabetic patients, reflecting the use of an
insulin infusion protocol in all patients.

DISCUSSION

This is the first study to examine proximal gastric motor
activity in critically ill patients with type 2 diabetes mellitus.
The results show that the response to intestinal nutrient
feedback is characterized by an initial absence of proximal
gastric relaxation, after which the volume increased to a
level similar to that seen in healthy volunteers. Further-
more, the delayed volume response was associated with a
nutrient load-dependent reduction in fundic wave activity
and a slightly impaired recovery of the proximal gastric
volume to baseline level. This is in contrast to non-diabetic
critically ill patients, who demonstrated a sustained impait-
ment of proximal gastric relaxation, a reduction in fundic
wave activity even during 1 kcal/min infusion and a failure
of the fundus to recover to baseline volume. These find-
ings support a recent retrospective study, which suggested
that type 2 diabetes mellitus may not be a risk factor for
delayed gastric emptying in critical illness'"®.

A notable feature of the proximal gastric response to
nutrient stimulation in diabetic patients was the complete
absence of proximal gastric relaxation during the first 20
min of nutrient infusion, however the reason for this re-
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Figure 4 Blood glucose concentration at
baseline and during nutrient infusion in
critically ill patients and healthy subjects.
°P < 0.05 vs critically ill patients at
baseline; °P < 0.05 vs critically ill patients
during nutrient infusion.
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sponse remains unclear. In health, gastro-enteric feedback
is regulated by neuro-hormonal pathways' *'*, and proxi-
mal gastric tone is modulated by a balance between the ex-
citatory cholinergic nerves and the inhibitory nitrergic neu-
ral inputs from the vagus™. As autonomic dysfunction is
common in patients with diabetic autonomic neuropathy'
and during critical illness™ the greater degree of impaired
relaxation in our diabetic patients may relate to an adverse
‘additive-effect’ of both factors on the autonomic nervous
system™"*), Formal testing for autonomic neuropathy was
not performed in the current study as this was not feasible
in the acute critical care setting. A prevalence of auto-
nomic neuropathy of more than 50% would be expected,
based on a previous study in diabetic patients with a simi-
lar mean duration of disease™”. Furthermore, disturbances
in the metabolism of nitric oxide, a key transmitter in the
regulation of gastrointestinal motor function, may also be
important®. Impaired proximal gastric relaxation is as-
sociated with altered levels of nitric oxide™", and has been
reported in both patients with diabetes mellitus'” and criti-
cal illness™, Whilst increased cytokine production™ and
drug usage”™ can also contribute to impaired relaxation,
the impact of these factors ate likely to be similar between
diabetic and non-DM critically ill patients and probably do
not account for the differences in gastric motility seen be-
tween the groups.

Following the initial impairment of relaxation, the
proximal gastric volume in diabetic critically ill patients
increased to a level comparable to that of healthy subjects.
This finding has not been previously reported in either pa-
tients with critical illness or diabetes mellitus alone. In the
later, proximal gastric motor responses to gastric but not
duodenal nutrients have been evaluated and further studies
to assess this may provide useful information. The mecha-
nisms undetlying this normalization of proximal gastric
motility are unknown. Despite the use of a standardized
insulin protocol in all patients during the study, a small
degree of hyperglycaemia occurred in diabetic patients
during the latter half of the 2 kcal/min infusion (Figure 4).
Although hyperglycaemia has been shown to induce proxi-
mal gastric relaxation”, the absolute increase in blood glu-
cose level was small and therefore unlikely to have contrib-
uted significantly to the subsequent response. The diabetic
patients had a higher BMI than the healthy volunteers,
however no differences in either proximal gastric volume
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or compliance have been reported between obese and lean
subjects”™. Thus, a higher BMI in diabetic patients seems
unlikely to have contributed to the differences in proximal
gastric motility. Opiate drugs such as morphine were ex-
cluded 24 h prior to the study, hence are unlikely to explain
our findings™’.

To standardize the nutrient stimulation and enable a re-
liable assessment of the entero-gastric feedback response,
feeds were delivered directly into the duodenum at a rate
consistent with normal gastric emptying. Intra-gastric
delivery of nutrients was not used in the current study
because gastric emptying is frequently impaired in the
critically ill. Furthermore, both gastric motility and empty-
ing of a liquid meal may be altered by the presence of a
barostat balloon™. In addition, intra-duodenal nutrient
stimulation with 1 and 2 kcal/min nutrient loads enabled
examination of the dose-dependency of the proximal gas-
tric motor response[m’”’w].

Previous studies in critically ill patients have suggested
enhanced entero-gastric feedback in response to duodenal
nutrient stimulation"”. In contrast to the non-diabetic pa-
tients, diabetic critically ill patients had a dose-dependent
reduction in fundic wave activity, similar to the healthy
subjects. The different responses in fundic wave activity
during the 1 and 2 kcal/min nutrient loads between the di-
abetic and non-diabetic patients suggest that entero-gastric
feedback is not increased in diabetic patients. Furthermore,
apart from an initial delay in relaxation, the overall proxi-
mal gastric motor responses to nutrients in diabetic criti-
cally ill patients were similar to those of healthy subjects.
As the proximal stomach is a major determinant of liquid
gastric emptying!*"™"”, these findings may explain the rela-
tively normal gastric emptying observed in this group of
patients'”

Whether differences in the ‘accommodative’ response
to nutrients between the two patient groups affect their
ability to tolerate bolus or continuous gastric feeds remains
to be determined and requires further study. It is conceiv-
able that slow continuous feeds may be better tolerated in
non-diabetic critically ill patients as proximal gastric relaxa-
tion is small and slow during nutrient stimulation™". In
contrast, the relatively normal ‘biphasic’ proximal gastric
response in the diabetic critically ill patients may allow bet-
ter tolerance to bolus gastric feeds.

In conclusion, proximal gastric motor responses to
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duodenal nutrient are relatively normal in type 2 diabetic
patients during critical illness. These motor findings sup-
port data which suggests these patients may have normal

gastric emptying

"% and may be less prone to developing

naso-gastric feed intolerance than non-diabetic, critically ill
patients.
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