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Abstiract

AIM: Delayed gastric emptying and an enlarged fasting
gastric antrum are common findings in functional dyspepsia
but their relationship with gastrointestinal (GI), and the
frequently associated extra-GI symptoms remains unclear.
This study evaluated the relationship between GI and
extra-GI symptoms, fasting antral volume and delayed
gastric emptying in functional dyspepsia.

METHODS: In 108 functional dyspeptic patients antral
volume and gastric emptying were assessed with ultraso-
nography (US). Symptoms were assessed with standardized
questionnaire. The association of symptoms and fasting
antral volume with delayed gastric emptying was estimated
with logistic regression analysis.

RESULTS: Delayed gastric emptying was detected in
39.8% of the patients. Postprandial drowsiness (AOR
11.25; 95%CI 2.75-45.93), nausea (AOR 3.51; 95%CI
1.19-10.32), fasting antral volume (AOR 1.93; 95%CI
1.22-3.05), were significantly associated with delayed
gastric emptying. Symptoms, mainly the extra-GI ones
as postprandial drowsiness and nausea, combined with
fasting antral volume predicted the modality of gastric
emptying with a sensitivity and specificity of 78%.

CONCLUSION: In functional dyspeptic patients, (1) an
analysis of fasting antral volume and of symptoms can
offer valuable indication on the modality of gastric emptying,
and (2) it seems appropriate to inquire on postprandial
drowsiness that showed the best correlation with delayed
gastric emptying.
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INTRODUCTION

The term dyspepsia is widely used in clinical practice to
describe symptoms arising from the upper abdomen and,
depending on the definition, its prevalence has been reported
to vary from 20% to 40%"* in the adult population. Although
dyspeptic symptoms may arise from several pathological
conditions, more than 70%"¥ of patients, do not have
definite structural or biochemical alterations®!! and, based
on the Rome Diagnostic Criteria functional dyspepsia (FD)
is made!">. In the assumption that symptoms may predict
specific underlying pathophysiology of FD it has been
suggested that patients be subdivided in accordance with
symptom clustets!'? such as ulcet-like and dysmotility-like
dyspepsia or, more recently, with the predominant symptom!*.
Several studies have looked for possible cotrelation between
symptoms and pathophysiological abnormalities such as
Helicobacter pylori infection, visceral hypersensitivity and
abnormal motor function of the stomach. Up to 40% of
patients with FD evaluated in referral centers have delayed
gastric emptying"¥ and 40% impaired postprandial relaxation
of the proximal stomach!™. So far however, there is little
evidence!'” that gastric motor abnormalities correlate
unequivocally with different symptom clusters!"”*” and not
even in those patients with dysmotility-like dyspepsia,
referring symptoms suggestive of an abnormal motor
function of the stomach such as postprandial fullness, nausea,
eatly satiety and vomiting. Female gender, and, severe and
predominant, postprandial fullness and vomiting have been
reported to be associated with delayed gastric emptying?”,
a finding not confirmed in a subsequent study®" performed
in a large cohort of patients with dysmotility-functional
and organic (i.e., diabetic) dyspepsia. Drowsiness is a
subjective experience often reported after food ingestion
and it has been shown that solid meal results in a decreased
sleep onset latency in healthy volunteers™.

Patients with functional dyspepsia complain of several
gastrointestinal (GI) and extra-GI symptoms™, some of
the latter like drowsiness®** and headache are related to
meal ingestion. It is not known, however, whether post-
prandial drowsiness and other extra-GI symptoms have any
relationship with gastric functions.
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An enlarged fasting antral volume assessed by
ultrasonography (US)**7 is an additional finding in patients
with FD but its relationship, if any, with delayed gastric
emptying is not known.

We, therefore aimed to evaluate in functional dyspeptic
patients whether and which symptoms either GI or extra-GI
are related to, and might predict, delayed gastric emptying
of a regular meal. Additional aim was to assess whether the
US measurement of basal antral volume may predict the
modality of gastric emptying.

MATERIALS AND METHODS

Two hundred and ten consecutive patients referring
symptoms of dyspepsia (140 F; age 42.8%12.5 years,
meanESD) referred to the gastroenterology outpatient clinic
were assessed. Functional dyspepsia was defined as persistent
or recurrent pain or discomfort centered in the upper
abdomen for at least 3 mo in the preceding 12 mo, in the
absence of any known organic disease that is likely to explain
the symptoms!'** and no evidence that dyspeptic symptoms
were exclusively relieved by defecation or associated with
the onset of a change in stool frequency ot stool form!*.

Organic abnormalities, psychiatric illnesses, history of
alcohol abuse, use of NSAIDs, steroids or drugs affecting
gastric functions, previous surgery of the GI tract (except
appendectomy and cholecystectomy) and systemic disorders
were ruled out by history, clinical examination, biochemical
investigations, upper GI endoscopy, and transabdominal US.
Dyspeptic patients with Rome diagnostic criteria of irritable
bowel syndrome (IBS) and/or referring heartburn and/or
regurgitation as predominant or frequent symptoms, were
excluded from the study.

Epigastric pain and upper abdominal discomfort were
graded 0-4 according to its influence on patient’s daily
activities: 0, absent; 1, mild (present but easily bearable if
distracted by usual activities); 2, moderate (bearable but
not influencing usual activities); 3, relevant (influencing usual
activities); 4, severe (interruption of usual activities).

Patients were enrolled into the study if symptomatic at
the time of evaluation with a symptom score value of =2
for epigastric pain or discomfort.

Overall 102 patients (67 F, age 46+13.2 years, mean*SD)
were excluded from the study because of the following
diagnosis: gastroesophageal reflux disease, 52; IBS, 15; peptic
ulcer, 14; migraine, 16; psychiatric disorders, 3; celiac disease, 2.

One hundred and eight patients with functional dyspepsia
entered the study (73 F, age 42£12.5 years, mean®SD).
Twenty-eight healthy asymptomatic volunteers (10 I, mean
age 31%5.5 years, mean+SD) were also investigated. None
of them had GI disorders or symptoms or were taking
medications of any kind. None had been previously
submitted to surgery of the GI tract.

Informed consent was obtained from each subject and the
study protocol was approved by the local ethics committee.

Analysis of symptoms

Consecutive patients were interviewed with a standardized
questionnaire made of 50 items, inquiting on demography
(5 items), daily habits (10 items) that included meal timing

and composition, alcohol consumption, smoking and sleep,
past medical history (3 items), GI symptoms (15 items),
gastroesophageal symptoms (4 items), bowel pattern (7 items),
and somatic extra-GI symptoms that included 5 items as
indicated in a previously published study™!. Postprandial
drowsiness, defined as a state of impaired awareness
associated with a desire ot inclination to sleep™ was also
included in the questionnaire since this meal-related symptom
has been reported™ and confirmed by personal observations,
to be bothersome in dyspeptic patients. Dyspeptic symptoms
were defined according to Rome criterial''.

Frequency and time relationship with meal assumption
was assessed for each investigated symptom and, relationship
of drowsiness with sleep disturbances was specifically
looked for.

In addition patients were requested to refer any other
symptom they considered to be bothersome and relating to
meal ingestion.

Assessment of gastric emptying

Gastric emptying was evaluated with US according to
previously validated and standardized methodsP***. Gastric
antral volume was evaluated by US according to previously
published methods”*** with a 4 MHz linear probe and
3.5 MHz convex probe (Toshiba SAL 38B, Tosbee, Toshiba,
Japan).

All drugs affecting the GI tract were discontinued at
least 3 d before the gastric emptying studies. Subjects
refrained from smoking for a 12-h period preceding, and
during, the examination. After an overnight fast the subjects
ate an ordinary standard solid 1 050 kcal meal containing
140 g bread, 70 g cheese, 80 g ham, (50% carbohydrates,
25% lipids, 25% proteins), 3.5 g alimentary fibers, 250 mL
of water. The time of meal ingestion did not exceed 30 min
(range 15-30 min). Gastric antral US measurements were
performed by the same operator with the subjects standing
in the upright position, in fasting condition, immediately,
and at 30 and 60 min after the end of the meal ingestion,
and at 60-min intervals thereafter over a total period of
300 min. In the intervals between measurements subjects
could move freely.

Delayed gastric emptying was defined as the final antral
volume (i.e., gastric antral volume at 300 min after meal
ingestion) exceeding the mean value plus 28Ds of the 28
healthy volunteers (31 mL).

Statistical analysis

Descriptive statistics as median values and interquartile
ranges were calculated. Box-plots®! were used for intet-group
comparison of antral volume distributions. The Mann-Whitney
test™ was used to compare the median values of antral
volume between healthy controls, FD patients with delayed
and those with normal gastric emptying.

Sensitivity and specificity of each symptom for three
different threshold levels of fasting antral volume were
calculated. Odds ratios (OR) wete also calculated as a
synthetic measure of both sensitivity and specificity™.

Logistic regression analysis®® was then applied to estimate
crude and adjusted odds-ratios (AOR) and 95% confidence
intervals (95%CI) of having delayed gastric emptying for
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each symptom, fasting antral volume, gender, age, and body
mass index (BMI). In addition, we reported results from
two multivariate logistic regression analyses, respectively,
without and with fasting antral volume, obtained through a
backward selection strategy having excluded factors with a
log-likelihood P-value >0.20P°. Two-sided P values were
defined statistically significant when P<0.05, and marginally
significant when 0.05<P<0.2.

Estimated coefficients from multivariate logistic
regression were used to calculate the probability of having
(or not having) delayed gastric emptying. Through these
probabilities, it is possible to calculate sensitivity, specificity,
and the percentage of patients correctly classified”. All
the analyses were performed using STATA release 5.0°7.

RESULTS

Figure 1 shows antral volume values before, immediately,
and in the 300 min after meal ingestion in normal controls
and in functional dyspeptic patients with normal and delayed
gastric emptying.

In healthy volunteers, the mean gastric antral volume
was 1315 mL in the fasting state and reached its maximal
value at the end of meal ingestion (67124 mL), then
decreased almost linearly to reach 18%6.5 mL at the end
of the study. In FD patients, the mean fasting antral volume
was 1418 mL (ns #s controls) and reached its maximal value
at the end of the meal (53121 mL) (ns »s controls), then
decreased to reach the final value of 3016 mL (P<0.0001
vs controls).

Gastric emptying was delayed in 43 (39.8%) patients
(28 F; mean age 41.4 years; range 23-64 years) and their
final AV was 46111 mL (Figure 1). The mean fasting AV
(17£10 mL) was larger in patients with delayed gastric
emptying than in those with normal gastric emptying
(12£5 mL, P = 0.005, Figure 1). The mean delta variation
between fasting and final antral volume was 29114 mL in

dyspeptic patients with delayed gastric emptying and 728 mL
in those with normal gastric emptying (P<0.0001).

Frequency, as well as sensitivity, specificity, and
crude OR in predicting delayed gastric emptying of each
of the GI and extra-GI symptoms reported by at least eight
patients as well as fasting antral volume are reported in
Table 1. Delayed gastric emptying was not related to age
(OR = 1.03; P = 0.84), gender (OR = 0.7; P = 0.4), while
there was a marginally significant inverse association, with
BMI (OR = 0.89 per 1 kg/m? increase; P = 0.06, data not
shown in Table 1).

None of the patients with post-prandial drowsiness
complained of sleeplessness.
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Figure 1 Box-and-whiskers plots of gastric antral volume before (fasting),
immediately (0) at 30- and 60-min intervals, after the end of the ingestion of a
standard meal, in controls (left) and in dyspeptic patients with normal (middle) and
delayed (right) gastric emptying. The boxes at each time unit extend from the 25"
percentile (xs) to the 75" percentile [Xzs, i.€., the interquartile range (IQ)]; the lines
inside the boxes represent the median values. The line emerging from the boxes
(i.e., the “whiskers”) extend to the upper and lower adjacent values. The upper
adjacent value is defined as the largest data point <xps+1.5 X 1Q, and the lower
adjacent value is defined as the smallest data point =xps-1.5 X 1Q. Observed
values more extreme than the adjacent values, if any, are individually plotted
(circles). The widths of the boxes are proportional to the number of observations
available at each time unit.

Table 1 Prevalence, sensitivity and specificity and crude OR for delayed gastric emptying of symptoms and of fasting antral volume at three

cut-off levels

Prevalence % Sensitivity % Specificity % OR
Pain centered in the upper abdomen 454 58.1 63.1 2.37
Discomfort centered in the upper abdomen 79.6 814 215 1.20
Upper abdominal bloating 84.3 88.4 18.5 1.72
Fullness 68.5 62.8 217 0.64
Early satiety 454 48.8 56.9 1.26
Nausea 42.6 535 64.6 2.10
Heartburn 26.9 349 785 1.95
Epigastric burning 111 9.3 87.7 0.73
Belching 74 744 26.1 1.03
VVomiting 27.8 20.9 67.7 0.55
Acid regurgitation 194 233 83 1.48
Drowsiness 16.7 326 93.9 7.36
Headache 417 46.5 615 1.39
Palpitation 74 6.9 92.3 0.90
Fasting antral volume (mL)
<10 mL (reference group) 333 18.6 43 1.09
10-14 mL 34.3 395 30.8 2.97
>15mL 324 41.9 26.2 3.71
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Table 2 AOR with 95%CI of having delayed gastric emptying on the basis of symptoms and fasting antral volume (FAV)

Without FAV and BMI

With FAV and BMI

AOR 95%ClI AOR 95%CI
Pain centered in the upper abdomen 3.74 1.34-10.41 2.78 0.92-8.41
Nausea 2.92 1.15-7.44 3.51 1.19-10.32
Postprandial fullness 0.41 0.14-1.14 0.27 0.08-0.84
Discomfort centered in the upper abdomen 3.42 0.88-13.25 4.59 0.99-21.20
Vomiting 0.44 0.15-1.31 0.32 0.09-1.11
Heartburn - - 2.31 0.80-6.71
Drowsiness 9.37 2.47-35.45 11.25 2.75-45.93
BMI - - 0.89 0.77-1.02
Fasting antral volume* - - 1.93 1.22-3.05

FAV: Fasting antral volume; AOR: adjusted odds-ratio. tAOR estimated per 5 mL increase (e.g., a FAV of 20 mL vs 15 mL).

The AOR for symptoms with or without fasting antral
volume and BMI included in the multivariate analyses ate
shown in Table 2. Not taking into consideration fasting antral
volume and BMI in the multivariate analyses, upper
abdominal pain, nausea, and drowsiness showed a statistically
significant association, whereas upper discomfort showed
only a marginally significant association with delayed gastric
emptying. Post-prandial fullness or vomiting showed a
marginally significant association with normal gastric
emptying. Including fasting antral volume and BMI in the
multivariate analyses, nausea and drowsiness were highly
significantly associated with delayed gastric emptying, while
upper abdominal pain, upper abdominal discomfort, and
heartburn were only marginally significantly associated with
delayed gastric emptying. Post-prandial fullness showed a
highly significant, and vomiting a marginally significantly,
association with normal gastric emptying. Fasting antral
volume was significantly associated with delayed gastric
emptying increasing the OR of 93% for any additional
volume increase of 5 mL. BMI showed a marginally
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Figure 2 Proportion of patients with delayed and normal gastric emptying who
where correctly classified on the basis of their predicted probabilities obtained
from the estimated coefficients of the second model reported in Table 2 (i.e.,
sensitivity and specificity, respectively). These proportions are plotted with cut-
off levels varying between 0 and 1 (see “Isens” function in Ref. #7). As expected,
when the cut-off value is close to zero all individuals with an actual delayed
gastric emptying will be correctly classified and thus having a very high
sensitivity. In contrast, with very low cut-off values also those having a normal
gastric emptying will be classified as “delayed” by the model and thus having
a very low specificity. As the cut-off value used for classification increases, the
model will provide the worst performances for the sensitivity and the best
performances for the specificity. Circles identify sensitivity and squares specificity.
Arrow indicates the probability cut-off value of 0.398, i.e., the estimated prevalence
of delayed gastric emptying in this sample.

significant inverse association with delayed gastric emptying
with an OR dectease of 11% for any 1 kg/m?® increase.

Using other two different cut-points (29 and 33 mL),
instead of 31 ml, as discriminant final antral volume for
normal and delayed gastric emptying, all the results of
univariate and multivariate analyses did not vary.

Furthermore probabilities of having delayed gastric
emptying were assessed with the selected symptoms, fasting
antral volume, and BMI as reported from the second model
(Table 2 and Figure 2). Sensitivity and specificity of the
applied model are plotted for different values of estimated
prevalence of delayed gastric emptying ranging from 0 to 1.
At the cut-off value of 0.398, i.e., the estimated prevalence
of delayed gastric emptying in this sample, sensitivity and
specificity wete about 78% with a correct classification of
73.3% of the patients. Applying a model based on selected
symptoms only, the estimated sensitivity and specificity were
negligibly lower, than those obtained with the model
including fasting antral volume and BMI, with a correct
classification of 68.1% of the patients at the cut-off value
of 0.398 (data not shown).

DISCUSSION

In the attempt to clarify the pathophysiology of symptoms
in functional dyspepsia it has been proposed to classify
patients with functional dyspepsia into clinically distinct
subgroups on the basis of symptom clusters?. Thus the
presence of the variable combination of upper abdominal
bloating, upper abdominal fullness, early satiety, nausea,
belching, retching, and vomiting have been regarded as
suggestive of impaired gastric motor activity™**". However
several studies!"*'” have so far failed to demonstrate in this
subgroup of patients a close correlation between symptoms
and disturbances of motor function. More recently!" it
has been proposed to classify dyspeptic subgroup on the
basis of the predominant symptom. Nevertheless two
studies*” in the attempt to assess the relationship between
predominant symptoms and gastric dysfunction reported
non-univocal results in populations that did not exclude
patients with IBS and gastroesophageal reflux disease
(GERD). Delayed gastric emptying was independently
associated with severe post-prandial fullness and severe
vomiting in the first study®™ and with severe nausea in the
second one!" that also reported eatly satiety as specifically
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associated with impaired gastric accommodation to a meal.
In both studies, however, the association between the
mentioned symptoms and the altered gastric function was
not a universal finding but limited to a subgroup of patients.
The uncertainty of the matter is further illustrated by a
third study®?" that failed to find an association between any
of the dyspeptic symptoms, as well as their severity, and
delayed gastric emptying.

Although reported in previous studies™*! and frequently
referred by dyspeptic patients little attention has been paid
to other symptoms not referable to the GI tract. The present
study aimed to assess whether single GI or extra-GI
symptoms and the simple non-invasive US measure of the
gastric antral volume in fasting condition could predict the
presence of delayed gastric emptying, in a group of
dyspeptic patients in whom symptoms of IBS and GERD
were excluded.

The present study differs from the previous ones also
for other aspects. A meal having the same composition of
a normal everyday lunch was used in the present study
whereas unusual experimental and/or low caloric meals
(700 keal)" " used previously might have not sufficiently
challenged the upper GI function. Most of the previously
published studies evaluated gastric emptying with the
scintigraphic technique that, differently from the US
technique, assesses the emptying of the radiolabeled
component of the meal rather than of the entire postcibal
gastric contents. In addition previous scintigraphic studies
have assessed the gastric emptying rate or #/? gastric
emptying time extrapolated from a limited observation period
after meal ingestion, two variables that had been shown to
be unable to express final gastric emptying time in functional
dyspeptic patients*l. The serial US measurements of the
antral volume enables to assess two relevant aspects of the
gastric function, i.e., the antral volume, which is the
expression of antral distension and the final gastric emptying
time. The former cannot be assessed with scintigraphy and
the latter has been shown to be the variable that best
correlates with the scintigraphic method and to discriminate
patients with delayed gastric emptying from controls?*,
In the present study extra-GI symptoms were reported by
53.7% of the patients. Of relevance is that of all investigated
symptoms, including GI symptoms usually regarded
characteristic of dyspepsia, post-prandial drowsiness is the
one that most correlates with, and is the best predictor of,
delayed gastric emptying. Also nausea and pain centered in
the upper abdomen, albeit to a lesser degree than post-prandial
drowsiness, showed a statistical correlation with delayed
gastric emptying. Differently from typical abdominal
dyspeptic symptoms, drowsiness showed a high specificity
in predicting delayed gastric emptying. The other most
frequently referred extra-GI symptoms such as headache
and palpitation were not statistically related with delayed
gastric emptying. Drowsiness can occur in several
neurological conditions, including autonomic failure and
truncal vagotomy. In none of the investigated patients
drowsiness could be explained with any detectable disordets.
In healthy subjects it has been shown that in comparison
with an equal volume of water and equicaloric liquid meal,
solid meal results in a decreased sleep onset latencies™.

Furthermore it has been reported a transient decrease in
sleep latency after consuming a meal compared to sham
feeding™!. These results together with the observation of a
increased feeling of drowsiness after intravenous injection
of CCK administration™, support the hypothesis of a GI
effect on postprandial sleepiness. It is conceivable that meal
ingestion may release CCK and other neuroendocrine
substances, such as serotonin, ot activate nervous afferences,
that affect the state of consciousness and delay gastric
emptying. Alternatively prolonged postprandial antral
distension may participate via vagal afferences in the
activation of central nervous network regulating the state
of consciousness. The sensation of drowsiness may vary
from slight to severe and be related to sleep disturbances.
Postprandial drowsiness reported in the present investigation
refers to a sensation regarded to be bothersome enough to
interfere with the daily activities and it was not related to
sleeplessness.

In addition this study shows that the fasting antral volume
of 15 mL is the cut-off value that may be used to predict
delayed gastric emptying. Adjusting data for fasting antral
volume and BMI, the following symptoms: nausea and
drowsiness appear to be significant independent predictors
of delayed gastric emptying.

None of the symptoms conventionally considered to
be manifestation of dyspepsia was of value to discriminate
between patients with normal and delayed gastric emptying.

The different results of the present study from previously
mentioned scintigraphy-based studies, may be due to the
use of a different technique and/or the different selection
of the patients and/or the different assessment of patient’s
symptoms®?’.

Alternatively, the different results may express a different
underlying dysfunction for some of the dyspeptic symptoms.
So it may be hypothesized that in patients with functional
dyspepsia early satiety!" is mainly related to impaired
relaxation of the proximal stomach; postprandial fullness
and vomiting to a reduced rate of gastric emptying?®”;
post-prandial drowsiness, nausea, to a delayed final gastric
emptying.

This study confirms®**” the frequent occurrence in
patients with FD of an abnormally distended antral volume
during fasting. Whether increased antral volumes may reflect
hypotonia of the antral muscular wall or intraluminal
distension secondary to gastric retention could not be
addressed in the present study.

An increased final antral volume does not necessarily
indicate delayed gastric emptying as it may coexist with a
normal gastric emptying rate if the fasting antral volume is
increased. In the present study, however, the mean final
antral volume of dyspeptic patients with delayed gastric
emptying exceeded the fasting antral volume of 28 mL
indicating the presence of a genuine slowing of the gastric
emptying rate.

To identify the cut-off level of 31 mL to discriminate
normal and delayed gastric emptying we used data from a
control group of healthy people. Similar results were
obtained with additional assessments based on other cut-off
levels chosen below and above 31 mL. Compared to our
patients the control group had a lower percentage of women
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and a younger age. However, these differences did not
affect the results because these two factors (age and gender)
did not have, in the multivariate analysis, any relationship
with the gastric emptying. This study confirms previous
observations of a statistical correlation between BMI and
delayed gastric emptying™. This relationship may be
interpreted as an effect of gastric dysfunction often
associated with symptoms, such as nausea or pain that limit
food ingestion. Patients with eating disorders may be
underweight and show abnormal gastric function. In the
present study patients with such disorders were excluded
and the finding of equally delayed gastric emptying in both
genders would support that eating disorders were not present.
We did not routinely test for H pylori in this study, but there
is no evidence that Hp infection has any relationship with
symptoms and delayed gastric emptying in functional
dyspepsial®*. Thus, it seems unlikely that knowledge of
the Hp status would have altered the conclusions of the
present study.

In conclusion, the presence or, alternatively, the absence
of nausea and post-prandial drowsiness, appear to be
indicative of delayed or, respectively, normal gastric
emptying in functional dyspeptic patients.

Interestingly, despite that the symptom of post-prandial
drowsiness is often reported by dyspeptic patients and in
some of them it may be the predominant disturbance, it
has not been considered part of the definition of dyspepsia.
This study shows that post-prandial drowsiness is the
symptom that most correlates with delayed gastric emptying
and would suggest including it in the clinical definition of
functional dyspepsia.

Although it would appear that in FD patients an analysis
of dyspeptic symptoms and fasting antral volume can offer
valuable indication on the modality of gastric emptying,
their ability, either alone or in combination, of correctly
classifying individuals with or without delayed gastric
emptying was not greater than 73%.
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