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ABSTRACT T 

BACKGROUNDD & AIMS; It remains unclear whether the postprandial symptom 
profilee is different in patients with visceral hypersensitivity or with impaired fundic 
accommodation.. Therefore, we evaluated the postprandial symptoms in patients 
withh functional dyspepsia (FD) classified according to proximal stomach function. 
Inn addition, the effect of gastric relaxation by sumatriptan on postprandial 
symptomss was studied in FD with impaired fundic accommodation. 
METHODS:: 25 Healthy volunteers (HV) and 44 FD filled out a disease-specific 
questionnairee (Nepean Dyspepsia Index (NDI)) and underwent a gastric barostat 
studyy to evaluate visceral sensitivity, meal-induced fundic relaxation and 
postprandiall  symptoms. Postprandial symptoms evoked by a drink test or reported 
duringg the barostat study were compared between FD subdivided according to the 
underlyingg pathophysiological mechanism. Finally, the effect of sumatriptan on 
postprandiall  symptoms evoked by a drink test was investigated in HV and in FD 
withh impaired fundic accommodation. 
RESULTS:: There was no clear relationship between any of the 15 NDI symptoms 
andd proximal stomach function. Postprandial symptoms evoked during the barostat 
studyy or following the drink tests were significandy higher in FD compared to HV, 
howeverr no clear differences in symptom profile could be demonstrated between 
thee different subclasses of FD. Sumatriptan did not affect the maximal ingested 
volumee or the postprandial symptoms in HV or FD following a drink test. 
CONCLUSIONS:: No clear relationship could be demonstrated between postprandial 
symptomss and proximal stomach function. 

ABBREVIATIONS:: FD: functional dyspeptics; HV: healthy volunteers; NDI: Nepean 
Dyspepsiaa Index. 
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I N T R O D U C T I ON N 

Functionall  dyspepsia (FD) is a common gastrointestinal disorder, defined as 
"persistentt or recurrent pain or discomfort centred in the upper abdomen in the 
absencee of organic disease that is likely to explain the symptoms"1. Although 
severall  pathophysiological mechanisms have been described, like gastric motor 
abnormalities,, H. pylori infection and psychological factors, the therapeutic effect 
off  drugs targeting these abnormalities is often disappointing2 4. Several recent 
studiess have shown that impaired meal-induced relaxation59 and hypersensitivity to 
distension5-7-9133 of the proximal stomach may play a role in the generation of 
dyspepticc symptoms. If so, new drugs relaxing the proximal stomach and/or 
interferingg with visceral perception could be efficient agents to treat functional 
dyspepsia. . 

Impairedd accommodation to a meal is associated with early satiety and weight 
loss5.. Sumatriptan, a 5-HTip receptor agonist, induces fundic relaxation5-14 and as 
suchh allows larger intragastric volumes before the thresholds of perception or 
discomfortt are reached in healthy volunteers (HV)5. Most interestingly, it enhances 
accommodationn to a meal in patients with impaired meal-induced relaxation 
resultingg in increased caloric intake5. Based on these findings, fundic relaxation has 
beenn suggested as a new therapeutic option to treat this subgroup of FD. However, 
thee effect of sumatriptan on postprandial dyspeptic symptoms such as nausea, 
fullnesss and bloating remains to be determined. Furthermore, marked gastric 
relaxationn with nitroglycerin even aggravates the sensation of bloating and nausea in 
responsee to gastric distension15. Therefore, it remains to be studied whether gastric 
relaxationn per se has a beneficial effect on postprandial symptoms. Conversely, 
althoughh impaired accommodation is associated with early satiety5, its role in 
causingg postprandial symptoms has not been studied in detail. Likewise, a negative 
associationn between hypersensitivity to gastric distension and nausea and epigastric 
painn has been reported5, but the contribution of visceral hypersensitivity in 
postprandiall  symptoms remains to be determined. 

Thee aims of the present study were therefore 1. to investigate the role of 
impairedd accommodation and visceral hypersensitivity in the generation of 
postprandiall  symptoms, 2. to investigate the effect of gastric relaxation by 
sumatriptann on postprandial symptoms in FD with impaired fundic 
accommodation. . 

M E T H O DS S 
SUBJECTS S 

Healthyy volunteers (HV) without any abdominal complaints or previous abdominal 
surgeryy and taking no medications were asked to participate in the study. Patients 
fromm the outpatient clinic or patients referred for endoscopy were included if 1. 
theyy fulfilled the new Rome II criteria of functional dyspepsia1, 2. endoscopy was 
negative,, i.e. no organic abnormality possibly explaining the dyspeptic complaints 
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wass encountered during the endoscopy. If reflux-like symptoms were present, 
gastroesophageall  reflux was excluded by a 24h pHmetry. As such, 9 patients were 
includedd in the study with some degree of heartburn and/or regurgitation but 
showingg normal acid exposure at 24 h pH metry. Patients on acid-suppressive drugs 
hadd to stop medication at least 5 days before the study. Drugs known to affect 
gastrointestinall  motility had to be stopped at least 48 h before the study. 

Al ll  subjects gave written informed consent before the study. The study protocol 
wass approved by the Medical Ethical Committee of the Academic Medical Center, 
Amsterdam,, The Netherlands. 

SYMPTOMM QUESTIONNAIRE 

Al ll  subjects were asked to fil l out the Nepean Dyspepsia Index questionnaire, a 
recendyy developed disease-specific questionnaire16. Briefly, it evaluates 15 
symptomss related to functional dyspepsia over the last two weeks. All 15 symptoms 
aree scored for their frequency of occurrence (from 0 to 4 with 0= not at all and 4 = 
everyy day/almost every day), the degree of intensity (rated from 0 to 5 with 0 = not 
presentt and 5 = very severe), and degree of bothersomness (from 0 to 4 with 0 -
nott at all and 4 = extremely). The total scores of each symptom were then added 
yieldingg the total symptom score or the Nepean Dyspepsia Index (NDI). Subjects 
withh a maximal NDI score of 5 were considered as HV (HV). Based on the study 
byy Talley et al.16, individuals with a NDI score of at least 25 were classified as 
functionall  dyspeptics (FD). 

GASTRICC BAROSTAT 
Proximall  gastric motility was assessed by means of an electronic barostat. Following 
anesthesiaa of the throat (10% xylocaine spray) subjects swallowed a 1200 ml 
polyethylenee bag, tighdy wrapped on the distal end of a double lumen polyvinyl 
tubee (Ch 12, Salem Sump tube, Sherwood Medical St Louis, USA). The balloon was 
unfoldedd by inflation of 500 ml of air and was positioned in the proximal stomach 
byy gently withdrawing the catheter. The catheter was connected to the barostat and 
fixedd to the cheek and subjects were positioned upright. The barostat automatically 
correctedd for the compressibility of air (Medtronic Functional Diagnostics, 
Stockholm,, Sweden). Intra-balloon pressure and volume were recorded 
continuouslyy during the protocol and data were stored on a personal computer, 
usingg commercially available software (Polygram for Windows, Medtronic 
Functionall  Diagnostics, Stockholm, Sweden). 

D R I N KK TEST 

Afterr an overnight fast, subjects were asked to drink a beaker containing 100 ml of 
waterr or a nutrient liquid meal (Nutridrink, N.V. Nutricia, Zoetermeer, The 
Netherlands;; 1.5 Kcal/ml, 39 % fat, 48 % carbohydrates, 13 % protein) per minute. 
Afterr each 100 ml, symptoms of satiety, epigastric bloating, nausea and pain were 
scoredd on a scale from 0 to 5 with 0 = no sensation and 5 = discomfort. When a 
scoree of 5 was reached for at least one of the symptoms, the test was ended and the 
numberr of beakers emptied x 100 was recorded as the maximal ingested volume. 
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Thereafter,, subjects were asked to score the same symptoms one and two hours 
afterr the end of the drink test. 

STUDYY PROTOCOLS 
ProtocolProtocol 1 

255 HV and 44 subjects with dyspeptic complaints were asked to fil l out the NDI 
questionnaire.. Thereafter, subjects were invited to have a water and a Nutridrink 
drinkk test and to undergo a barostat study. These investigations were done on 
separatee days after an overnight fast and after stopping acid suppressant 
medicationss and drugs known to interfere with gastrointestinal motility. 

Inn the drink tests, subjects were asked to consume water or Nutridrink until a 
scoree of 5 (discomfort) was reported. Thereafter, symptoms of satiety, epigastric 
bloating,, nausea and pain were scored after one and two hours. 

Thee barostat protocol consisted of two parts: the first part consisted of the 
distensionn protocol evaluating visceral sensitivity to distension, whereas the second 
partt evaluated the meal-induced fundic relaxation. After introduction, unfolding 
andd positioning of the balloon, an adaptation period of 15 min was introduced. 
Thereafter,, minimal distension pressure (MDP) was determined as the pressure 
requiredd to obtain an intra-balloon volume > 30ml. Subsequendy, the proximal 
stomachh was distended using a stepwise distension protocol with steps of 2 mmHg 
lastingg 2 min. After one min, symptoms of bloating, satiety, nausea and pain were 
scoredd on a scale from 0 to 5 with 0 = no sensation and 5 = discomfort. The 
pressuree was increased until discomfort was reported, then the procedure was 
immediatelyy terminated. The balloon was deflated for 30 min followed by a 30 min 
periodd at MDP + 2 mmHg to assess basal fundic volume. Next, a 200 ml nutrient 
liquidd meal (Nutridrink, N.V. Nutricia, Zoetermeer, The Netherlands) was 
consumedd within one min using a straw and fundic volume was recorded for the 
followingg 60 min. Again, bloating, satiety, nausea and pain were scored every 5 min 
usingg the same scale. 

ProtocolProtocol 2 

Tenn HV and 7 patients with functional dyspepsia with impaired fundic relaxation5, 
illustratedd by a barostat study, were asked to participate in an additional study 
evaluatingg the effect of the fundic relaxant agent sumatriptan on the drinking 
capacity.. The water and the Nutridrink drink test were performed at separate days 
afterr either 1 ml placebo (s.c, saline) or 1 ml sumatriptan ( 6 mg s.c, Imigran, 
Glaxoo Wellcome, Zeist, The Netherlands) was administered 30 min before the 
drinkk test. The order of the tests was randomised and the study was done in a 
double-blindedd manner. In contrast to the drink tests in protocol 1, follow-up in 
FDD was prolonged to 3 hours. 

STATISTICALL ANALYSI S 

Thee symptoms reported at the end of the drink tests and during follow-up were 
analyzedd for each individual symptom (bloating, satiety, nausea, pain). A repeated 
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measurementss ANOVA is used (linear mixed model, S-Plus 2000) and a random 
interceptt and fixed coefficients for the factor of interest was calculated. 

Dataa are expressed as mean  S.E.M. The Student's t-test for paired or unpaired 
observationss or a one way ANOVA were used to compare the means. The Chi 
squaree test was used to compare the occurrence of symptoms or abnormal tests 
betweenn the different groups of patients. A P value <0.05 was considered 
statisticallyy significant. 

Inn the barostat studies, the threshold for discomfort was determined as the 
maximallyy tolerated pressure during the gastric distension protocol. Data are 
presentedd as mean  S.E.M. Basal and postprandial volumes were measured as the 
meann volume of 5 min periods using commercially available software (Polygram for 
Windows,, Metronics, Sweden). The relaxation following ingestion of the liquid meal 
wass expressed as the difference in volume between the mean volume of the total 
postprandiall  recording period (60 min) and the 15 minutes prior to meal ingestion. 
Symptomss reported during the postprandial period are expressed as mean values 
forr every time point. In addition, symptoms reported during the entire postprandial 
periodd were added to give the total symptom score of each individual symptom 
(bloating,, satiety, nausea, pain). The sum of these scores gave the total postprandial 
symptomm score. 

Too investigate the relationship between symptoms and the barostat data, both 
thee total score of each symptom (severity, frequency and bothersomness) as well as 
thee score of severity alone were considered. The Pearsson correlation was calculated 
ass a descriptive tool and a multivariable stepwise (backward selection) logistic 
regressionn analysis was performed using commercially available software (S-Plus 
2000). . 

RESULTS S 

SUBJECTSS AN D CLINICA L SYMPTOMS 

255 HV (14 F, 11 M, age 20-46) and 44 patients with functional dyspepsia (FD, 31 F, 
133 M, age 19-63) participated in the study. Body weight did not differ statistically 
betweenn the two groups (HV: 69.6  2.6 kg; FD: 63.2  2.1 kg). The mean total 
NDII  score of the HV was 1.2  0.4, compared to 96.6  5.7 for the FD. None of 
thee HV reported to have moderate, severe or very severe complaints on any of the 
155 symptoms. In contrast, all of the FD had at least one symptom that was scored 
moderatee to very severe on the scale of severity. Even more than 50% of the 
patientss scored moderate to very severe on 8 or more symptoms, illustrating the 
greatt overlap of symptoms reported by FD. Furthermore, most symptoms, except 
nausea,, belching and bad breath, were significandy (P<0.01) correlated to at least 
twoo other symptoms. For example, early satiety was correlated to postprandial 
fullnesss (r=0.623, P<0.0001), epigastric bloating (r=0.431, P=0.003) and vomiting 
(r=0.423,, P=0.004), epigastric pain was correlated to epigastric discomfort (r=0.713, 
P<0.0001)) and feeling of epigastric pressure (r=0.409, P=0.006), whereas vomiting 
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wass correlated to early satiety, postprandial fullness and epigastric bloating (r=0.4, 
P=0.007).. The prevalence of the different symptoms, scored as moderate to very 
severe,, is shown in Figure 1 for the FD. 

11 2 3 44 5 6 7 8 9 10 11 12 13 14 15 

Dyspepticc symptom 

FIGUREE 1. Prevalence of moderate to very severe dyspeptic symptoms in the patients with functional 
dyspepsiadyspepsia (n = 40). 1 = epigastric pain, 2 — epigastric discomfort, 3 = epigastric burning sensation, 4 — 
heartburn,heartburn, 5 — cramps in the epigastric region, 6 = chest pain, 7 — early satiety, 8 — regurgitation, 9 — 
epigastricepigastric postprandial fullness, 10 = feeling of'epigastric pressure, 11 — epigastric bloating, 12 — nausea, 
1313 = belching, 14 = vomiting, 15 ~ bad breath. 

FREQUENCYY OF VISCERAL HYPERSENSITIVITY AN D IMPAIRED ACCOMMODATION 

INN HV AN D FD 
SensitivitySensitivity to distension 

MDPP did not differ between the HV (7.6  0.4 mmHg) and the FD (7.9  0.4 
mmHg).. The threshold for discomfort was significandy lower in the FD (9.8  0.6 
mmHg)) compared to HV (13.9  0.7 mmHg, P<0.001) (Figure 2). No HV had a 
thresholdd for discomfort lower than 10 mmHg above MDP. Therefore, a threshold 
off  discomfort aequal to or lower than 8 mmHg was considered as abnormal. Using 
thiss cutoff, 21 of the 44 (48 %) FD had an abnormal threshold for discomfort. 

FundicFundic accommodation to a meal 

Inn 2 subjects of the FD group, the study had to be stopped prematurely because of 
discomfortt after meal intake. 

Basall  volume did not differ between the HV (286  23 ml) and the FD (246
188 ml). The fundic relaxation to ingestion of 200 ml of Nutridrink was rapid in 
onsett and lasted throughout the postprandial period. There was a large overlap in 
maximall  relaxation as well as in the difference between the basal volume and 
postprandiall  relaxation (delta V) (Figure 2) with no significant differences between 
thee two groups. The delta V in FD was 157  24 ml compared to 183  32 ml in 
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HVV (NS). The 10th percentile of the HV was -57 ml. When this value was 
consideredd as the lower limit of the normal range, 8 % of the HV and 5 % of the 
FDD has impaired fundic relaxation. When the cutoff was increased to 0, 10, 20, 30, 
400 or 50 ml, the % of abnormal meal-induced fundic relaxation in HV and FD was 
200 vs 19, 20 vs 24, 20 vs 24, 24 vs 24, 24 vs 28, and 24 vs 38 (NS). When 64 ml was 
consideredd as the lower limit of the normal range5, 24 % of HV and 40 % of FD 
hadd impaired fundic accommodation. 
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FIGUREE 2. Individual data showing the relationship between the total NDI score and (A) the threshold for 
discomfort,discomfort, (B) the postprandial fundic accommodation and (C) the postprandial symptoms in healthy 
volunteersvolunteers and functional dyspeptics (see legend). Horizontal line represents the lower limit of the normal 
range. range. 

POSTPRANDIALL SYMPTOMS: COMPARISON BETWEEN HV AN D FD 

PostprandialPostprandial symptoms evoked during the barostat study 

Whenn the scores of each symptom reported during the entire postprandial period 
weree summated, FD had significantly higher scores of bloating, satiety, nausea and 
painn compared to HV. Similarly, the sum of all symptoms during the postprandial 
periodd was significantly higher in the FD compared to HV (Table 1). There was a 
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significantt correlation between the NDI and the total postprandial symptom score 
(rr = 0.73, P<0.0001) (Figure 2). 

BLOATIN GG NAUSEA SATIETY PAIN N TOTAL L 

HVV 13.4 + 2.3 4.6 6 13.9 1 0.7 5 32.6  5.0 

FDD 32.0 * 25.8 *  30.5 *  26.8 *  115.6 * 

TABLEE 1. Summated scores of postprandial symptoms during the gastric barostat study.Symptoms are shown 

asas Means  *P< 0.05 versus HV, one-way ANOVA 

PostprandialPostprandial symptoms evoked by the drink tests 

Ass shown in Figure 3, FD reported significantly more symptoms compared to HV 
afterr both the water and the Nutridrink drink test. At the end of the drink test, FD 
onlyy reported more pain compared to the HV. However, all 4 symptoms of 
bloating,, nausea, pain and satiety persisted in FD, even after 2 hours, whereas they 
weree almost completely absent in HV. 
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FIGUREE 3 Postprandial symptoms reported by healthy volunteers and functional dyspeptics (see legend) after 

thethe water and Nutridrink test Data are shown as mean i S.E.M. *P<0.0S, different from healthy 
volunteers,volunteers, repeated measurements ANOVA. 
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POSTPRANDIALL SYMPTOMS: COMPARISON BETWEEN FD WITH NORMAL BARO-
STAT,, VISCERAL HYPERSENSITIVITY OR IMPAIRED FUNDIC ACCOMMODATION 

Too evaluate the role of impaired fundic relaxation (meal-induced increase in fundic 
volumee < 64 ml) and visceral hypersensitivity (threshold for discomfort < 10 mm 
Hgg above MDP) in meal-induced symptoms, the postprandial symptoms reported 
byy FD with visceral hypersensitivity but with normal meal-induced fundic relaxation 
(nn = 14) and patients with an abnormal meal-induced fundic relaxation but a 
normall  sensation to distension (n = 11) were compared with those of patients with 
aa normal barostat (n = 11). Patients with both visceral hypersensitivity and impaired 
fundicc accommodation (n — 6) were excluded. The total NDI score was not 
statisticallyy different between the different groups, illustrating that the severity of 
dyspepticc complaints overlaps and does not allow discrimination. 

PostprandialPostprandial symptoms evoked during the barostat study 

Ass shown in Figure 4, patients with impaired accommodation had less symptoms in 
thee early postprandial period compared to the patients with a normal barostat or 
thosee with visceral hypersensitivity. At the end of the postprandial period, bloating 
wass significantly higher in patients with impaired accommodation and with visceral 
hypersensitivityy compared to patients with a normal barostat (Figure 4). The total 
scoree of pain and satiety and the aggregate score in patients with impaired 
accommodationn were significantly lower compared to that of patients with visceral 
hypersensitivityy (Table 2). 

BLOATINGG NAUSEA SATIETY PAIN TOTAL 

NORMALL 4 4 4 4 4 

VISCERAL L 
HYPERSENSITIVITYY * 4 3 4 140+11 

IMPAIRED D 

ACCOMMODATIONN 4 6 # # # 

TABLEE 2. Summated scores of postprandial symptoms during the gastric barostat study in FD with a 
normalnormal barostat study, visceral hypersensitivity or impaired accommodation. Symptoms are shown as Means 

 SEMs. *P< 0.05 versus patients with a normal barostat, one-way ANOVA; #P< 0.05 versus 
patientspatients with visceral hypersensitivity, one-way ANOVA.. 
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PostprandialPostprandial symptoms evoked by the drink tests 

N oo differences in postprandial symptoms could be demonstrated between the three 
subgroupss of FD during follow-up of the drink tests. The symptom scores of the 
individuall  symptoms after 1 and 2 h did not differ either between the three groups 
off  patients (Figure 5). 
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R E L A T I O N S H IPP B E T W E EN N D I SCORES A N D GASTRIC BAROSTAT D A T A 

T hee threshold for pain was inversely related to the total N D I (r = -0.42, P=0.0001) 
(Figuree 2). In contrast, the meal-induced relaxation, either expressed as increase in 
volumee compared to the basal volume or expressed as the maximal relaxation, was 
nott correlated to the total N D I (Figure 2) or any of the individual symptoms. 

Whenn the individual symptoms scored by the N DI questionnaire were 
comparedd between FD with an abnormal and a normal threshold for pain or fundic 
relaxation,, no significant differences in symptom profile could be detected. 
Especiallyy there was no relationship between the severity of early satiety and 
impairedd accommodat ion; 24% of HV without any complaints of early satiety had 
fundicc dysaccommodation. In addition, no significant differences in impaired 
accommodat ionn were noted between FD with no to ver}' mild (38% of patients), 
mil dd to moderate (38% of patients), severe or very severe (44% of patients) 
symptomss of early satiety. 

T H EE E F F E CT O F S U M A T R I P T AN ON T H E D R I N K I N G CAPACITY A N D SYMPTOMS 

D U R I N GG F O L L O W - UP 

MaximalMaximal volume 

Thee maximal volume consumed in the water test was not affected by sumatriptan in 

thee HV (placebo: 1490  167 ml vs sumatriptan: 1420  200 ml) or in the FD 

(placebo:: 1114  191 ml vs sumatriptan: 1000  190 ml). Similarly, the maximal 

vo lumee of Nutr idrink consumed was not significantly different between placebo 

andd sumatriptan in HV (1080  90 ml vs 1120  93 ml) or FD (829  84 ml vs 886 

 86 ml). 
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SymptomsSymptoms after the drink test 

FDD developed significantly more symptoms after both the water and Nutridrink test 
comparedd to HV. As shown in Figure 6, sumatriptan had no effect on the 
symptomss after the water test in HV and FD. Similar results were obtained after the 
Nutridrinkk test. 
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areare shown as means iSEMs. 
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DISCUSSION N 

Severall  attempts have been undertaken to classify patients with functional dyspepsia 
accordingg to their symptom profile. Subclasses based on symptom clusters have 
beenn proposed117. In clinical practice, however, this classification showed great 
overlapp between subclasses limiting its value18. Recently, several studies have 
focusedd on the role of the proximal stomach in dyspeptic symptoms. Interestingly, 
individuall  symptoms instead of symptom profiles were reported to correlate with 
specificc pathophysiological mechanisms5. In the present study, we failed to support 
thiss concept and could not demonstrate a relationship between any of the 15 NDI 
symptomss and proximal stomach function, most likely because patients with 
functionall  dyspepsia present with a complex pattern of symptoms. Similarly, when 
symptomss were evoked by a drink test or by ingestion of a nutrient liquid meal 
(barostatt protocol), the profile of postprandial symptoms reported by dyspeptic 
patientss did not depend on proximal stomach function. Finally, we showed that 
fundicc relaxation had no effect on postprandial symptoms in patients with impaired 
fundicc relaxation, questioning the role of fundic relaxants as new therapy for this 
subclasss of patients. 

Recentt studies showed a correlation between delayed gastric emptying and 
postprandiall  fullness and vomiting19, between impaired fundic accommodation and 
earlyy satiety and between epigastric pain and visceral hypersensitivity5. The practical 
implicationn of these findings could be that specific treatment with prokinetics, 
fundicc relaxants or visceral analgesics respectively may be selected based on 
symptomatology.. However, as pointed out earlier20, the symptom pattern of 
functionall  dyspepsia is complex and variable questioning whether a particular 
symptomm may indeed relate to a specific physiological dysfunction. In the present 
study,, we were indeed unable to demonstrate a significant association between 
proximall  stomach dysfunction and any of the symptoms scored in the NDI 
questionnaire.. The latter is a recendy validated disease specific questionnaire 
evaluatingg 15 symptoms related to functional dyspepsia in the preceding 2 
weeks16»21.. Interestingly, more than 50 % of FD had 8 or more moderate to severe 
dyspepticc symptoms, and most of them were correlated to another symptom, 
confirmingg the complexity of the symptom profile in functional dyspepsia. This 
observationn also questions whether a particular symptom may indeed relate to a 
specificc dysfunction. In particular, no significant relationship was demonstrated 
betweenn the degree of early satiety and fundic dysaccommodation; 38% of patients 
withh no to very mild symptoms of early satiety had an abnormal meal-induced 
relaxationn compared to 44 % of patients with severe to very severe early satiety. As 
such,, the presence of this symptom can not be used in clinical practice to predict 
proximall  stomach function or to determine the treatment of choice. Our findings 
aree in contrast with those reported earlier by Tack et al.5 where early satiety was 
associatedd with impaired accommodation. This discrepancy may be explained by 
differencess in patient selection or in the symptom questionnaire used. For example, 
thee symptom severity is scored from 0 to 3 by Tack et al., whereas the maximal 
scoree in the NDI questionnaire is 5. Also differences in time period evaluated by 
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thee questionnaire may be of importance, especially in view of the waxing and 
waningg of dyspeptic symptoms. Alternatively, the absence of a statistical correlation 
betweenn symptoms and barostat findings in our study may be due to the sample 
sizee and represent a type II error. The number of patients included in our study was 
howeverr similar to that of Tack et al. 

Wee also evaluated whether meal intake resulted in a different symptom profile 
dependingg on the underlying pathophysiological mechanism. In agreement with 
Salett et al.7, we showed that patients with FD developed significantly more 
postprandiall  symptoms after meal intake during the barostat study. Similarly, we 
showedd that FD developed more intense and more prolonged symptoms compared 
too HV after a drink test. When the FD were subdivided according to the barostat 
findings,findings, no differences in bloating, pain, satiety or nausea could be demonstrated 
afterr the drink tests between the different subgroups. In contrast, FD with impaired 
fundicc accommodation reported fewer symptoms, including satiety, in the early 
postprandiall  period compared to patients with a normal barostat or with visceral 
hypersensitivity.. As no differences in symptoms were observed after the drink tests, 
thiss discrepancy most likely results from the artificial distension by the barostat of 
thee relaxed gastric fundus in the postprandial period. Similarly, increased 
postprandiall  fullness after fundic relaxation by atropine was shown to positively 
correlatee with intrabag volume in healthy volunteers22. The lack of differences in 
postprandiall  symptom profile between the different subgroups of patients further 
questionss the concept that specific treatment may be directed by symptomatology. 

Fundicc relaxation has recently been suggested as new therapeutic approach, 
especiallyy in patients with impaired postprandial fundic accommodation. 
Improvementt of fundic relaxation with sumatriptan indeed has been shown to 
enhancee caloric intake in functional dyspeptic patients with early satiety5. In the 
latterr study, a caloric liquid was consumed at a much lower rate (15 ml/min) 
comparedd to our study. The volume consumed was used as a measure for satiety. It 
shouldd be emphasised however that the effect of sumatriptan was rather limited and 
thatt caloric intake after sumatriptan was still only half that of HV. In addition, no 
dataa were provided on the effect of sumatriptan on symptoms during follow up. In 
thee present study, sumatriptan failed to improve the drinking capacity in patients 
withh impaired fundic accommodation. Possibly, this discrepancy may be explained 
byy the difference in drinking rate between the two studies. One might assume that 
thee when the drinking rate is as slow as reported by Tack et al. (15 ml/min), the 
maximall  ingested volume becomes more dependent on the negative feedback 
triggeredd by the arrival of nutrients in the duodenum. Slowing gastric emptying may 
thereforee decrease the negative feedback and as such increase caloric intake. This 
mayy explain why sumatriptan, known to greatly decrease gastric emptying23, 
improvess the drinking capacity in the study reported by Tack et al., but not in our 
study.. More importantly however, sumatriptan had no effect on postprandial 
symptomss after the drink tests, arguing against fundic relaxation as potential new 
treatmentt for functional dyspepsia. 

Inn line with several previous studies57'1013, 48% of our FD reported more 
symptomss during distension of the proximal stomach and had a lowered threshold 
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forr discomfort compared to HV. Interestingly, approximately one quarter of the 
FDD had a normal visceral sensation and a normal fundic accommodation. Yet, these 
patientss developed as much postprandial symptoms as the other FD, clearly 
illustratingg that potentially other mechanisms such as altered sensation of the small 
intestinee to distension or to nutrients might be involved24-28. In addition to these 
mechanisms,, distension of the distal stomach may contribute to dyspeptic 
symptoms,, especially as antral distension is regularly demonstrable in FD9-29-30 and 
thee less compliant antrum is more sensitive to distension than the proximal 
stomach31.. It is important to stress that if the distal stomach indeed significantly 
contributess to dyspeptic symptoms, drugs relaxing the antrum and thereby 
increasingg antral area, despite simultaneous fundic relaxation, may not improve 
symptoms.. This may perhaps explain why sumatriptan, recently shown to increase 
antrall  area in HV14, had no effect on maximal ingested volume or postprandial 
symptomss in HV and FD with impaired fundic accommodation. Vingerhagen et 
al.144 also reported a significant negative correlation between postprandial area and 
symptomss of nausea and bloating after sumatriptan. Instead, agents relaxing the 
funduss but simultaneously preventing distension of the antrum will be required. 
Thee knowledge that cisapride has been shown to improve meal-induced relaxation32 

andd to decrease antral area30 may explain why it is one of the few agents to which 
FDD respond. 

Inn conclusion, we demonstrated that there is no clear relationship between 
dyspepticc symptoms and proximal stomach function, further stressing the 
complexityy of symptomatology in functional dyspepsia. In addition, we showed that 
fundicc relaxation with sumatriptan failed to improve postprandial symptoms in FD 
withh impaired fundic relaxation, questioning the role of gastric relaxation as putative 
neww treatment for functional dyspepsia. 
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