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Abstrac t t 

Recently,, single photon emission computed tomography (SPECT) scanning was 

describedd as a noninvasive technique to assess fundic accommodation. However, in 

contrastt with the barostat, no intragastric distending force is applied during gastric 

volumee scintigraphy (GVS). We hypothesized that in the absence of a barostat balloon, 

GVSS largely detects the volume effect of the ingested meal and is a rather insensitive tool 

too detect fundic relaxation. 

Methods .. After an overnight fast, healthy volunteers underwent a barostat study and 

GVSS on 2 separate days to assess: (1) meal induced fundic accommodation (Nutridrink, 

2000 mL, 300 kcal); and (2) gastric relaxation to 1 mg i.v. glucagon. 

Results .. Fasting fundic volumes (145  8 mL vs. 280  32 mL, P = 0.001) and average 

postprandiall  volume (329  10 mL vs. 571  53 mL, P = 0.001) were significantly lower 

measuredd with GVS compared to the barostat study. Meal induced fundic relaxation 

(1833  10 mL vs. 289  46 mL, P = 0.050) and the postprandial/fasting volume ratio 

(2.322  0.10 mL vs. 2.27  0.29 mL, P = 0.892) did not differ significantly between GVS 

andd the barostat. However, no correlation could be determined between accommodation 

volumess measured with both techniques. In contrast with meal-induced relaxation, 

glucagonn induced increase in fundic volume (19  5 mL vs. 406  56 mL, P — 0.007) and 

pos t /p ree glucagon ratio (1.16  0.03 vs. 3.02  0.54, P = 0.046) were significantly lower 

whenn measured with GVS compared to the barostat. 

Conclus ion.. Gastric volume scintigraphy detects changes in postprandial volume but is 

lesss suitable than the gastric barostat to detect changes in gastric tone. Our study 

thereforee questions its role as a tool to detect impaired accommodation and warrants 

furtherr validation of this technique. 

142 2 



Gastri cc  volum e scintigraph y versu s barosta t 

Introductio n n 

Underr normal conditions, the proximal stomach relaxes after ingestion of a meal, a 

vagallyy mediated motor pattern known as the meal induced accommodation. Impaired 

meall  induced relaxation of the proximal stomach has been repeatedly demonstrated in a 

subgroupp of patients with functional dyspepsia (FD).2'3 Symptoms such as early satiety2 

andd weight loss4 in particular have been reported to be associated with this phenomenon. 

Conversely,, treatment with sumatriptan, a potent fundic relaxant, induced an increase in 

caloricc intake in FD, suggesting that fundic relaxation may represent a new therapeutic 

approachh for this subgroup of FD.2 If so, it may be of importance to determine proximal 

stomachh function in order to select the subgroup of patients that would benefit from this 

fundicc relaxant therapy. 

Att present, a gastric barostat study is generally accepted as the gold standard to 

investigatee proximal stomach function. A balloon connected to a computerized pump is 

positionedd in the proximal stomach to record intraballoon volume at a fixed pressure as a 

measuree of fundic tone.1 This technique has provided enormous valuable information on 

thee effect of meal ingestion and pharmacological agents on the proximal stomach. 

However,, a major disadvantage is the invasive and stressful nature of this investigation. 

Furthermore,, the presence of the balloon interferes with normal physiology as reported 

byy Mundt et al.6 Consequently, it is an unattractive tool for routine clinical use and even 

forr the evaluation of drug effects in clinical trails, usually requiring repeated 

measurements. . 

Recently,, single photon emission computed tomography (SPECT) has been reported 

ass a possible noninvasive alternative (gastric volume scintigraphy). Radiolabeled mTc-

pertechnetatee is injected i.v. and accumulates in the gastric mucosa allowing visualization 

off  the stomach. This technique was shown to record changes in postprandial volume to a 

similarr extent as the gastric barostat. It should be emphasized that in this study the 

barostatt balloon was positioned in the proximal stomach during gastric volume 

scintigraphyy (GVS), providing a positive pressure to the gastric wall and thereby actively 

distendingg the stomach. Under more physiological conditions, however, the stomach wil l 

remainn collapsed. Consequently, the volumes measured with GVS wil l reflect intragastric 
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contentt such as gastric secretions, swallowed air and ingested foods or liquids. Based on 

thesee assumptions, we hypothesized that in the absence of a barostat balloon, GVS 

largelyy detects the volume effect of meal ingestion and will be a rather insensitive tool in 

detectingg fundic relaxation. To test this hypothesis, the ability to detect fundic relaxation 

off  comparable magnitude evoked by meal ingestion or glucagon was compared between 

thee 2 techniques performed at separate days. In addition, symptoms reported during the 

studyy were evaluated as indirect measure of procedure related discomfort. 
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Material ss  and Method s 

Subject s s 

Twenty-onee healthy volunteers, recruited by public advertisement, were invited to 

participatee (13 women, 8 men; mean age 26 yr, range 1 8 - 54 yr). Gastrointestinal 

symptomss were excluded using a questionnaire (Nepean Dyspepsia Index) and none of 

thee subjects was taking medications known to influence gastrointestinal motility. All 

volunteerss gave written informed consent to participate in the study, which was approved 

byy the medical ethics committee of the Academic Medical Center of the University of 

Amsterdam. . 

Stud yy protocol s 

Gastricc relaxation was evoked by 2 different protocols: (1) meal intake and (2) i.v. 

injectionn of glucagon. For each protocol, subjects were invited to undergo a gastric 

barostatt study and a WmTc-pertechnetate SPECT on 2 separate days. To determine the 

gastric-emptyingg time after meal ingestion, a ' C breath test was performed. 

Protocoll I: Meal induced relaxation 

Barostat,Barostat, After an overnight fast, 17 healthy volunteers (13 women, 4 men; 

meann age 25 yr, range 1 8 - 54 yr) underwent a gastric barostat study at 09:00 AM. The 

barostatt bag was introduced, unfolded, and positioned into the proximal stomach. After 

ann equilibration period of approximately 30 min, the mean distending pressure (MDP) 

wass determined and baseline operating pressure was set at MDP + 2 mm Hg. After a 

300 min baseline period, a liquid test meal with a caloric load of 300 kcal and a volume of 

2000 mL (Nutridrink; Nutricia) was consumed with the aid of a straw. Intrabag volume 

wass recorded during the following 60 min and symptoms of bloating, nausea, pain, 

satiety,, fullness, hunger and burning were assessed even,' 5 min with a Visual Analogue 

Scalee (VAS), whereby 0 mm represents "no sensation" and 100 mm represents "worst 

imaginable".. The nC breath test was performed before the test meal and even- 10 min 

duringg the first h, and thereafter every 15 min the next 3 h. 
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GastricGastric volume scintigraphy. On a separate day, after an overnight fast, the same subjects 

underwentt SPECT scanning at 9:00 AM . Thirty min after i.v, injection of 200 MBq 

mTc-pertechnetate,, a baseline scan was performed. The test meal (Nutridrink, 200 mL, 

3000 kcal) was given and scans were made even' 10 min up to 1 h postprandially. Before 

everyy scan, breath samples were taken and symptoms of bloating, nausea, pain, satiety, 

fullness,, hunger and burning were scored with the VAS. After the first h, breath samples 

weree collected every 15 min for the next 3 h. 

Protocoll 2: Glucagon induced fundic relaxation 

Barostat.Barostat. After an overnight fast, 4 healthy volunteers (4 men; mean age 29 yr, 

rangee 22 — 38 yr) underwent a gastric barostat study at 09:00 AM . The barostat bag was 

introduced,, unfolded and positioned into the proximal stomach. After an equilibration 

periodd of approximately 30 min, MD P was determined and baseline operating pressure 

wass set at M D P + 2 mm Hg. Intrabag volume was recorded for 30 min, followed by i.v. 

injectionn of 1 mg glucagon (GIucaGen; Novo Nordisk Farma) dissolved in 1 mL saline 

waterr for i.v. injection and was injected slowly during 1 min. Intrabag volume was 

recordedd during the following 15 min. 

GastricGastric volume scintigraphy. On a separate day, after an overnight fast, the same subjects 

underwentt SPECT scanning at 9:00 AM . Thirty min after intravenous injection of 

2000 MBq ' mTc-pertechnetate, a baseline scan was performed. Glucagon (1 mg) was 

administeredd intravenously and 7-min scans were started after 1 min and 8 min. 

Method s s 

GastricGastric barostat. Following anesthesia of the throat (Xylocaine 10 % spray; 

AstraZeneca),, subjects swallowed a 1200 mL polyethylene bag, tightly wrapped on the 

distall  end of a double lumen polyvinyl tube (4 mm outer diameter Salem Sump tube; 

Sherwoodd Medical). The balloon was unfolded by inflation of 500 mL of air and was 

positionedd in the proximal stomach by gendy withdrawing the catheter. The catheter was 

connectedd to the barostat and fixed to the cheek, and subjects were positioned upright. 

Thee barostat device (Medtronic Functional Diagnostics) automatically corrected for the 

compressibilityy of air. Intraballoon pressure and volume were recorded continuously 
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duringg the protocol, and data were stored on a personal computer using commercially 

availablee software (Polygram for Windows; Medtronic Functional Diagnostics, Svnectics 

Medical).. M D P was determined as the minimum pressure at which intrabag volume was 

>> 30 mL. For measuring fasting volume, meal induced fundic relaxation and glucagon 

inducedd fundic relaxation, baseline operating pressure was set at MD P + 2 mm Hg, 

GastricGastric volume scintigraphy. Gastric volume was assessed by means of SPECT scanning 

usingg WmTc-pertechnetate i.v. A dual-head gamma camera in SPECT mode allowed 

3-dimensionall  data acquisition. Tomographic studies were acquired on a large-field-of-

vieww dual-head gamma camera system (Varicam; General Electric Medical Svstems) 

equippedd with low-energy high-resolution collimators. Volunteers were positioned supine 

onn the imaging table with the gastric region in the middle of the field-of-view. Thirty min 

afterr i.v. injection of 200 MBq mTc-pertechnetate, a baseline acquisition was performed 

(360°° orbit, 5° step, 72 views, 10 sec/view, 7 min total acquisition time including gantry 

movement).. Subsequendy, after intervention (test meal, glucagon) multiple acquisitions 

weree made up to 1 h and up to 15 min, respectively. After completion of the acquisition, 

everyy acquisition was reconstructed on a Hermes processing station (Nuclear 

Diagnostics)) using filtered back-projection (Ramp-Butterworth filter, order 10, cut-off 

0.455 Nyquist) to produce transverse, sagittal and coronal images of the stomach. After 

reconstruction,, stomach volume measurements were performed using the volume tool 

softwaree on the Hermes processing station. A threshold of 20% of the maximal voxel 

countt value was applied, after fillin g the interior stomach with a default 50% voxel count 

value.. Total and regional (proximal - distal) gastric volumes were calculated. The 

stomachh was divided into proximal and distal stomach by drawing a horizontal line 

acrosss the incisura. To allow repetitive studies, a limited dose of 200 MBq WmTc-

pertechnetatee was administered, limiting the radiation burden to 2.4 mSv per study. We 

havee previously determined that this dose is capable of delivering good qualitv images for 

att least 2.5 h after i.v. injection. Total radiation exposure was within permissible ranges 

forr research and clinical studies. 

nnCC breath test. Gastric emptying was measured with the 13C breath test. Acetic acid-1-

" CC sodium salt was added to the caloric liquid meal (Nutridrink). Breath was collected by 

breathingg into a tube through a straw. Breath samples were taken before the test meal 
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andd even- 10 min during the first h thereafter, followed by every 15 min for the next 3 h. 

Al ll  breath samples were obtained in duplicate. Analvsis of the breath samples was 

performedd with the BreathMAT Plus TM (ThermoQuest Finnigan MAT) . 

D a t aa analysis 

Barostat,Barostat, Fasting volume was calculated as the mean volume of 15 min before meal 

intakee or glucagon injection using commerciallv available software (Polvgram for 

Windows).. Postprandial volumes were measured as the mean volume of 5-min periods. 

Averagee postprandial volume was defined as the mean volume over the 60-min 

postprandiall  period. Maximal volume was measured as the highest volume recorded 

duringg the 60 min postprandial. Fundic relaxation after ingestion of a liquid meal was 

expressedd as the difference in volume between the average postprandial volume and the 

fastingg volume.' Relaxation induced by glucagon was measured as the difference in 

volumee between the average of 15 min after injection and the fasting volume. The 

postprandiall  ratio and post glucagon ratio were calculated as the postprandial volume or 

thee post glucagon volume divided by the fasting volume, respectively. 

GastricGastric volume scintigraphy. SPF.CT fasting and postprandial volumes were measured as 

thee mean volume of 7-min periods using the volume tool software on the Hermes 

processingg station (Nuclear Diagnostics). Similar to the barostat, gastric relaxation after 

liquidd meal ingestion was defined the difference in volume between the average 

postprandiall  volume and the 7-min fasting period before the meal. For relaxation after 

glucagonn injection, the difference in volume between the average of 15 min postinjection 

andd the 7 min before injection of glucagon fasting volume was calculated. The 

postprandiall  ratio and post glucagon ratio were defined as the average postprandial 

volumee or post glucagon volume divided by the fasting volume, respectively. 

Symptoms.Symptoms. Symptoms reported before the meal and during the postprandial period 

weree expressed as mean values for every 5-min time point during the barostat study and 

even-- 10-min time point during SPE.CT scanning. Individual sensation scores for 

bloating,, nausea, pain, satiety, fullness, hunger and burning were assessed on a VAS, 

fromm which an individual score, a total postprandial symptom score for each time point 

andd the total symptom score of each individual symptom were calculated. 
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Tabl ee I. Patien t dat a 

Baroo GVS lva lu e Correla - GVS lva lu e Correla -
(mL )) Fundu s Baro tio n tota l Baro vs tio n 

(ml_ )) vs GVS Baro stomac h GVS tota l Baro vs 
fundu ss vsGV S (mL ) stomac h GVS 

fundu ss tota l 
stomac h h 

Fastt 2 8 ~~~ ^~~~ 

PPP 571+53 329+10 

Dif ff 6 183  10 

Rati oo  2.3 3 2.3+0.1 

GVSS = gastric volume scintigraphy; Baro = barostat 

Fastt = fasting state; PP = postprandial; Diff = difference; Ratio = postprandial ratio 

0.00 1 1 

0.00 1 1 

0.05 0 0 

0.89 2 2 

-0.1 9 9 
( PP =  0.49 ) 

-0.2 6 6 
(P == 0.34 ) 

-0.0 8 8 
( PP =  0.77 ) 

-0.1 2 2 
( PP =  0.67 ) 

18+11 1 

388 +  1 3 

200+.I 3 3 

2. 22 ±0. 1 

0.0 11 1 

0.00 4 4 

0. 11 I I 

0.81 6 6 

-0.2 0 0 
( PP =  0.45 ) 

-0. 1 1 
( PP =  0.69 ) 

-0.3 1 1 
( PP =  0.25 ) 

-0.2 9 9 
( PP =  0.30 ) 

,},}CC breath test. The breath samples collected over 4 h after the ingestion of the meal 

weree analyzed with the BreathMAT Plus TM (ThermoQuest Finnigan MAT). After 

analysis,, the obtained 513 values were used in curve-fitting modules in Excel (Microsoft) 

too calculate gastric half-emptying time. 

Statisticall analysis 

Alll  group data are expressed as means + SEM. Descriptive statistics were used for pre 

andd postprandial stomach volumes and symptom scores in time. To compare the 

barostatt and SPECT scanning volumes, statistical analysis was performed using a 

Student'ss / test and a Spearman's rho test. All statistical tests were 2-tailed and were 

evaluatedd at the 5% level of significance. 
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Figur ee I . G rad ien t shadin g volum e rendere d S P E C T image s o f th e stomac h 

Reconstructedd 3D single photon emission computed tomography (SPECT) images of a fasting (A) 

andd postprandial (B) stomach of a healthy volunteer. 
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Figur ee 2. Gastr i c vo lume s de te rmine d wit h barosta t and G V S vs t i m e 

Dynamicss of meal induced relaxation represented by fundic volumes plotted in time as assessed 

wi thh barostat and GVS (SPECT). 
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NS(PP = 0.1) 
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SPECT T 
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Figur ee 3. Gastr i c volume s de te rmine d w i t h barosta t an d G V S 

Fundicc accommodation induced by meal intake as measured with barostat and GVS (SPECT). 

Meall induced fundic accommodation measured with barostat and GVS is not significantly 

different.. Note that the meal induced fundic accommodation as measured with GVS approaches 

thee volume of the ingested meal (200 mL). 

Result s s 

Protoco ll  I: Meal induce d fundi c relaxatio n 

Volume:: Comparison of GVS and Barostat 

Whilee the dose of "Tc-pertechnetate used by Kuiken et al. was halved to reduce the 

radiationn burden, the quality of the images was high, allowing volume calculations up to 

22 h postprandially.9 Within 2 h, postprandial volumes returned to their initial fastening 

volumee (data not shown). 

FastingFasting volume. Before meal ingestion, there was a great variation in fasting fundic 

volumess measured with the gastric barostat, ranging from 142 mL to 562 mL. 
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I nn contrast, both fundic and total gastric volumes obtained with GVS varied much less 

rangingg from 105 mL to 205 raL and 113 mL to 268 mL, respectively. Fasting fundic and 

totall  gastric volumes were significantly lower during GVS compared to those obtained 

withh the barostat (Table 1). 

PostprandialPostprandial volume. Meal intake resulted in a significant increase in gastric volume for 

bothh barostat (P < 0.001) and GVS (Fig. 1). As shown in Figure 2, fundic volume 

increasedd rapidly after meal intake reaching a plateau within 10 min. In both the barostat 

andd the GVS studies, volumes slowly declined at a comparable rate. Average postprandial 

fundicc and total gastric volumes were both significantly lower with GVS compared to the 

gastricc barostat (Table 1). The maximal fundic volume (407 6 mL) and total gastric 

volumee (479  22 mL) reached during GVS was significandy lower compared with the 

barostatt values (677  49 mL, P = 0.001 and P < 0.001, respectively). 

FundicFundic accommodation. To evaluate whether GVS is a noninvasive alternative for the 

barostatt to assess gastric accommodation, the accommodation responses were compared 

betweenn the 2 techniques. The calculated meal induced fundic and total gastric 

accommodation,, expressed as the difference between the average pre and postprandial 

volume,, were not significandy different for both techniques (Fig. 3). Similarly, no 

differencee in the ratio of postprandial over fasting volume was observed. (Table 1). 

However,, after applying Spearman's rho test to determine a correlation between GVS 

andd the barostat, no significant linear relationship could be detected between barostat 

andd GVS accommodation volumes or ratios (Table 1). Furthermore, when individual 

accommodationn volumes obtained with barostat are plotted against those obtained with 

GVS,, a wide variation in measured barostat volumes in contrast to SPECT fundic 

volumess is observed (Fig. 4). Moreover, the individual accommodation volumes, as 

measuredd with GVS, do not significantly differ from the 200 mL volume of the ingested 

meall  (P = 0.1, one sample Student's /-test, Fig. 4). In contrast, meal induced 

accommodat ionn measured with the barostat significantly differed from 200 mL (P = 

0.04,, one sample Student's / test). 
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Figur ee 4. Correlatio n plo t 

Correlationn plot between meal induced accommodation assessed with GVS (SPECT) and 

barostat.. Note that GVS volumes are not significantly different from 200 mL (P = 0.I), which 

equalss the amount of the ingested meal. 

Symptoms:: comparison of GVS and Barostat. 

Symptomss reported by the healthy volunteers were compared for both techniques. 

Healthyy subjects reported significandy more postprandial symptoms of bloating, nausea, 

satietyy and fullness during the barostat study compared to GVS (Fig. 5). Pain, hunger and 

burningg sensation were not significantly different. 

Gastricc emptying: comparison of GVS and Barostat. 

Too evaluate possible differences in gastric emptying evoked by the presence of the 

barostatt balloon, gastric half-emptying times were measured in 8 healthy volunteers 

(66 women, 2 men, mean age 27 yr (range 1 8 - 54 yr). The gastric half-emptying time for 

thee barostat was 33  4 min. This was significantly faster compared to the gastric half-

emptyingg time (70  12 min; P = 0.021) during GVS. 
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Figur ee 5. T o t a l postprandia l VA S scor e 

Totall postprandial VAS score measured during barostat and GVS for each individual symptom. 

(*PP < 0.05, Students t-test). 

P r o t o c o ll  2 : G l u c a g o n induce d fund i c r e l a x a t i o n 

Vo lume :: compar ison of pre and post glucagon. 

Too eliminate possible interference of meal volume, the capacity of GVS to assess a 

pharmacologicallyy induced relaxation was compared with that of the gastric barostat. 

Dur ingg the barostat study, glucagon induced a rapid onset relaxation of the gastric 

funduss comparable to that obtained after meal ingestion. In contrast, GVS only detected 

aa small increase in volume after glucagon injection, reaching a mean volume significandy 

smallerr compared to that measured with the barostat (Fig. 6, 7 and Table 2). When data 

aree expressed as the ratio of post glucagon volume over fasting volume, the post 

glucagonn ratio was significandy lower for GVS compared to the barostat (Table 2). 
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Tabl ee 2. Gastri c volume s measure d wit h GVS and barosta t 

Baselin ee volum e 

Post-glucago n n 
volum e e 

Differenc e e 

Post-glucago n n 
rati o o 

Barosta t t 
(mL ) ) 

2266  39 

6322 + 51 

4066  56 

3.00  0.5 

GVSS fundu s 
(mL ) ) 

119++ 15 

1399  18 

5 5 

1.166 + 0.03 

l va lu e e 
Baroo vs 

GVS S 
fundu s s 

0.084 4 

0.002 2 

0.007 7 

0.046 6 

GVSS tota l 
stomac h h 

(mL ) ) 

182++ 18 

1944 + 25 

12++ 10 

1.066  0.05 

l va lu e e 
Baroo vs. 

GVS S 
tota l l 

stomac h h 

0.407 7 

0.003 3 

0.007 7 

0.039 9 

GVSS = gastric volume scintigraphy; Baro = barostat 

800--

gg 600-

SS 400-

>>  200-

44 8 12 16 
Timee (min) 

-- Barostat 
-SPECTT total stomach 
-SPECTT fundus 

Scann 2 Scann 3 

Figur ee 6. Barosta t and GVS wit h glucago n 

Volumess measured before (scan I) and after (scan 2 and 3) glucagon i.v. injection, as assessed 

withh barostat and GVS (SPECT). Scan I was performed from I up to 8 min, followed by scan 2 

fromm 8 to 15 min after glucagon injection. 
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PP = 0.007 
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Figur ee 7. Glucago n induce d fundi c accommodatio n 

Glucagonn induced fundic accommodation measured with barostat and GVS (SPECT) is 

significantlyy different. (P < 0.05, Students t test). 

156 6 



Gastri cc  volum e scintigraph y versu s barosta t 

Discussio n n 

Inn the present study, we investigated whether GVS is a noninvasive alternative to the 

barostatt to evaluate gastric relaxation. GVS detected lower volumes before and after 

meall  intake compared to the barostat, most likely due to the absence of a distending 

pressure.. Although the dynamics of the meal-induced relaxation were comparable to that 

detectedd with the barostat, the increase in volume detected with GVS was not different 

fromm the ingested volume. Furthermore, in comparison with the meal induced volume 

increase,, GVS failed to detect the profound gastric relaxation following glucagon 

infusion.. These findings suggest that GVS rather detects the volume of the intragastric 

contentss after meal intake and is less sensitive to detect changes in gastric tone in the 

absencee of a distending force. Our results therefore question the role of GVS as a tool to 

detectt impaired accommodation and warrants further validation of this technique. 

Currendy,, the gastric barostat is considered the gold standard to assess fundic 

accommodation.. However, as this technique is invasive, mTc-pertechnetate SPECT 

scanningg has been proposed as a noninvasive alternative to evaluate this gastric motor 

reflex.. Indeed, Bouras et al. reported a good correlation between both techniques. These 

authorss concluded that GVS accurately measures volume in vitro and can identify 

changess in gastric volume in response to a meal and gastric distension. In our study, we 

confirmedd the ability of GVS to detect changes in gastric volume with comparable 

postprandial/fastingg ratios as obtained with the barostat. However, we found no 

correlationn of the accommodation volumes measured with the 2 different techniques. 

Mostt likely, this discrepancy can be explained by a difference in methodology. In the 

studyy reported by Bouras et al., GVS was performed with the gastric barostat balloon in 

situ.88 As GVS measures intragastric volume based on the imaging of the gastric wall, 

comparablee volumes will be detected under these circumstances. In our study, however, 

thee 2 techniques were performed separately and thus GVS occurred in the absence of a 

distendingg pressure. Under these conditions the stomach will be collapsed and gastric 

volumee detected with GVS will be determined by other factors such as ingested meal, 

swallowedswallowed air and gastric secretion (estimated at 40-200 mL/h).n These methodological 

differencess explain the lower postprandial volume detected with GVS and the lack in 
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correlationn between the increase in postprandial volumes detected with the two different 

techniques.. Our findings that the meal-induced accommodation assessed with GVS did 

nott differ from the meal volume, further corroborates this hypothesis and suggests that 

GVSS mainly detects meal volume rather than gastric relaxation. Preliminary data confirm 

thiss assumption, showing a good correlation (r = 0.66, P = 0.034; n - 10) between 

ingestedd volume and volume measured with GVS (unpublished results). Finally, when 

assessedd with the barostat, glucagon induced a pronounced gastric relaxation (202 %) of 

comparablee magnitude as meal ingestion. GVS, however, only detected a marginal 

increasee in fundic volume of 16 %, suggesting that GVS is less sensitive to detect gastric 

relaxationn per se. Similar findings were reported by previous studies evaluating the 

relaxantt effect of GLP-112 and sublingual nitroglycerine.11 In these studies, only minor 

increasess in gastric volume were reported whereas from barostat studies these agents are 

knownn to induce pronounced relaxation of the stomach.14 u 

Consideringg our hypothesis that GVS rather detects intragastric volume, the detected 

increasee in postprandial volume also depends on gastric emptying and gastric secretion. 

I nn contrast to Liau et al., who state that up to 50% of a small liquid meal wil l be emptied 

duringg the 20-min period they measured,1' we measured an average gastric half-emptying 

timetime of 70 min. Therefore, more than half of the ingested meal is still present after 

600 min postprandially and is likely to contribute to the measured gastric volume. This 

impliess that patients with fast gastric emptying may be incorrectlv identified as having 

impairedd accommodation. Consequently, further studies investigating the specificity and 

sensitivityy of GVS to detect impaired accommodation are warranted. 

Afterr meal intake, subjects reported significantly more symptoms during the barostat 

studyy than during GVS. Most likely, this results from the gastric distension induced by 

thee positive pressure applied by the intragastric balloon. As the barostat balloon may also 

interferee with gastric function,6 GVS still remains an attractive tool to study the stomach 

inn a noninvasive manner. For example, it may be useful to study the relationship between 

symptomss and antral or fundic volume under more physiological circumstances. As such, 

itt may contribute to a better understanding of the factors involved in die increased 

perceptionn of postprandial symptoms in patients with functional dyspepsia. 
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Conclusio n n 

Inn summary, we conclude that GVS is able to detect changes in gastric volume in a 

noninvasivee manner. However, our data suggest that GVS, in the absence of a distending 

force,, is less suitable than the gastric barostat to detect gastric relaxation and rather 

detectss the volume of the intragastric contents after meal intake. These findings question 

thee role of GVS as a tool to detect gastric relaxation or impaired accommodation and 

implyy that further validation is required. 
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