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ABSTRACT

Objective: This study investigated the measurement interval in the ultrasonographic gastric emptying test for patients with
functional dyspepsia (FD) and the correlation between gastric emptying and the findings of various questionnaires.

Methods: In total. 119 patients (59 patients with FD and 60 healthy controls) were recruited from July 2018 to June
2020. Gastric volume (GV) and gastric emptying half-time (T1/2) were measured by ultrasonography at fasting and again at
0, 5, 10, 15, 30, 45, 60, 90, and 120 min after meals (apple juice, 500 mL, 224 kcal), and the average half-time (average T1/2)
was calculated. Questionnaires on food retention (FRQ). phlegm pattern e (PPQ), cold and heat (CHQ), deficiency and excess
(DEQ), and spleen-qi deficiency (SQDQ). stomach qi deficiency pattern (SSDQ). visual analogue scale (VAS), and Nepean
dyspepsia index-Korean version (NDI-K) were completed by all participants. The differences in GV and T1/2 were analyzed
in participants whose maximal GV occurred at 0 min versus after 0 min. The correlation of the average T1/2 with the
questionnaire scores was also analyzed after excluding erroneous data.

Results: Patients with FD who took a certain amount of time to reach maximal GV after meals had a greater gastric
volume up to about 30 minutes after meals, and the PPQ, DEQ, and NDI-K scores, especially for upper gastrointestinal
symptoms and general weakness-related symptoms, showed statistically significant correlations with average T1/2.

Conclusions: Ultrasonography can be a quantitative evaluation tool for FD. However, further studies on measurement

methods based on FD physiopathology are required.
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Table 1. Inclusion and Exclusion Criteria for FD
Inclusion criteria

1) 20-65 years

2) Based on the definition of functional dyspepsia in Rome Il criteria, as a main symptom, dyspepsia
occurs 6 months before and persistent, recurrent for 3 months or longer

{Diagnostic Criteria for Functional Dyspepsia (Rome 1))

1) One or more of

a) Bothersome postprandial fullness: uncomfortably full after regular sized meal more than 1 day/wk

b) Early satiation: unable to finish regular sized meal, more than 1 day/wk

c)

d)

Epigastric pain: pain or burning in middle of abdomen at least 1 day/wk
d. Epigastric burning
AND

2) No evidence of structural disease (including at upper endoscopy) that is likely to explain the symptoms.
* Criteria must be fulfilled for the past three months, with symptom onset at least six months before diagnosis.
Patients complaining early satiation or bothersome postprandial fullness were included in this study as PDS
(post-prandial distress syndrome) subtype of functional dyspepsia.

Exclusion criteria
1. At recent esophagogastroduodenoscopy and blood test, radiological examination etc., there is no evidence
of structural diseases (e.g. erosive esophagitis, peptic ulcer, dysplasia, mucosa-associated, lymphoid tissue
lymphoma, esophageal cancer, gastric cancer).
Distinct clinical symptoms of irritable bowel syndrome
Existence of alarm symptoms (e.g. weight loss, black or tar stool or dysphagia)
Severe structural diseases (e.g. heart, lung, liver or kidney disease) or psychiatric disorders
Surgery for gastrointestinal diseases
Pregnant of lactating women

Table 2. Inclusion Criteria for Healthy Controls

Inclusion criteria
Basically, exclusion criteria is the same as for FD group, and those who meet the following additional criteria.
1. Visual analog scale (VAS, 0-100) of dyspepsia is 20 or less.
2. Any symptoms or diseases related to the gastrointestinal tract do not exist.
3. There is no disease in the liver, heart, lungs, kidney, etc and no diagnosis about non-specific diseases on
general examinations (e.g. blood test, radiological test, etc).
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Table 3. Rome Il Diagnostic Criteria for Two Subtypes of Functional Dyspepsia, 20062

Rome [l diagnostic criteria for postprandial distress syndrome (PDS)

At least 3 months, with onset at least 6 months previously, with one or both of the following symptoms :
1. Bothersome postprandial fullness, occurring after ordinary-sized meals at least several times per week
2. Karly satiation that prevents finishing a regular meal, at least several times per week

Supportive criteria

1. Upper abdominal bloating or postprandial nausea or excessive belching can be present

2. May coexist with epigastric pain syndrome

Rome I diagnostic criteria for epigastric pain syndrome (EPS)

At least 3 months, with onset at least 6 months previously, with ALL of the following symptoms :
1. Pain or burning localized to the epigastrium of at least moderate severity, at least once per week

2. Pain is intermittent

3. Pain is not generalized or localized to other abdominal or chest regions

4. Pain is not relieved by defecation or passage of flatus

5. Pain does not fulfill criteria for gallbladder or sphincter of Oddi disorders

Supportive criteria

1. Pain may be of a burning quality, but without a retrosternal component
2. Pain is commonly induced or relieved by ingestion of a meal, but may occur while fasting

3. Pain may coexist with postprandial distress syndrome
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Fig. 1. Subject’s position to obtain the cross-sectional
area of gastric antrum.

Fig. 2. Ultrasonographic image of cross-sectional
area of gastric antrum in sagittal view
(measured after apple juice ingestion).

A antrum, Ao : aorta, L : liver, P : pancreas
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Table 4. Baseline Characteristics
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" Baseline characteristics FD (n=60) Control (n=60) P

Male/female 10 (16.7%) 7/ 50 (83.3%) 10 (16.7%) / 50 (83.3%) 1.000

Age (year) 41.17+12.31 38.15+9.74 0.153

BMI (kg/cm?) 21.80+2.81 22.59+3.47 0.482

Body weight (kg) 58.18+10.56 60.06+11.32 0.448
VAS 63.80£12.94 6.80+5.44 €0.0001**
FRQ score 8.25+2.91 2.08+2.13 0.0001%*
DQ score 11.90+4.89 3.00+3.43 €0.0001%*
Cold score at CHQ 32.57+13.81 999945 9() {0.0001%*
Hot score at CHQ 28.13+17.87 17.68+7.34 {0.0001%*
Deficiency score at DEQ 37.50£11.50 20.18+8.77 €0.0001%*
Excess score at DEQ 21.45+5.06 16.2745.47 {0.0001%*
SQDQ score 48.25+14.21 21.16%13.04 0.0001%*
SSQD score 24.12+4.98 8.15+5.30 0.0001%*
NDSI total score 67.20+27.21 11.20+14.31 {0.0001%*
NDI-QOL total score 66.33+16.85 97.74+4.53 0.0001%*

N : number of subjects, BMI : body mass index, VAS

. visual analogue scale, FRQ : food retention questionnaire, DQ

© damum questionnaire, CHQ : cold and heat questionnaire, DEQ : deficiency and excess questionnaire, SQDQ : spleen

qi-deficiency questionnaire, SSQD
NDI-QoL : nepean dyspepsia index-quality of life

. scale for stomach qi deficiency pattern, NDSI :

nepean dyspepsia symptom index,

Values were analyzed by Pearson’s chi-squared test for categorical variables and Independent t-test or Mann-Whitney

U test for continuous variables. Continuous variables are presented as mean (standard deviation).
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Table 5. Maximum Gastric Volume Time of All Subjects

FD Control Total
MAX GV 0 m 38 (64.4%) 41 (68.3%) 79 (66.4%)
MAX GV after 0 m 21 (19.8%) 19 (31.7%) 40 (33.6%) p=0.701
Total 59 (49.6%) 60 (50.4%) 119

MAX GV : maximal value of gastric volume
Values were analyzed by Pearson’s chi-squared test for categorical variables and independent t-test or Mann-Whitney U
test for continuous variables. Continuous variables are presented as mean (standard deviation). (* : p<0.05 and ** : p<0.01)

Table 6. Maximum Gastric Volume Time of Functional Dyspepsia Group

PDS Overlap (PDS+EPS) Total
MAX GV 0 m 20 (80.0%) 18 (52.9%) 38
MAX GV after 0 m 5 (20.0%) 16 (47.1%) 21 p=0,032%*
Total 25 34 59

MAX GV : maximal value of gastric volume
Values were analyzed by Pearson’s chi-squared test for categorical variables and independent t-test or Mann- Whitney U
test for continuous variables. Continuous variables are presented as mean (standard deviation). (* : p<0.05 and ** : p<0.01)
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Table 7. Gastric Volume and Gastric Emptying Half-time of All Subjects

FD (n=59) Control (n=60) P
8 hours NPO 37.26+21.92 45.19+24.97 0.085
0 m 384.97+81.92 375.59+106.57 0.651
5 m 352.25+87.81 (n=55)  351.69+94.31 (n=58) 0.973
Gastric volume 10 m 312.00£75.27 (n=57)  315.70+90.17 (n=>56) 0.813
(ml) 15 m 279.83£76.52 283.69£80.55 0.838
30 m 217.97+73.53 227.46%73.23 0.482
45 m 178.49£71.12 178.58+58.04 0.888
60 m 143.19+63.74 138.79£54.28 1.000
90 m 82.66+48.84 87.86+40.46 0.195
15 m 28.69+24.72 (n=58) 28.92+17.64 (n=55) 0.601
30 m 31.89+17.60 34.46%16.83 0.354
T 45 m 37.66%29.28 35.86£17.90 0.998
v 60 m 36.83+16.03 37.83+29.87 0.536
90 m 34.36+12.57 36.08+14.49 0.525
Average 33.85£14.79 35.39£13.95 0.462
NPO : non per os, Ty : gastric emptying half-time
Values were analyzed by independent t-test or Mann-Whitney U test for continuous variables. Continuous variables are
presented as mean (standard deviation). (* @ p<0.05 and ** : p<0.01)
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Table 8. Gastric Volume and Gastric Emptying Half-time of Functional Dyspepsia Group

MAX GV 0 m (n=38) MAX GV after 0 m (n=21) P

8 hours NPO 35.72+18.71 40.04+21.92 0.038*

0m 400.07+87.21 357.65464.62 0.038*

5m 334.66+80.75 (n=37) 388.39466.97 (n=18) 0.010*

10 m 292.78+75.41 (n=36) 344.94+64.11 (n=21) 0.007*

15 m 263.03+70.33 310.23+79.52 0.020*

30 m 202.72:+68.59 945.58+75.72 0.024*

45 m 164.5162.90 203.81+79.68 0.065

. 60 m 132.48+54.95 162.58+74.71 0.154
Gas“’éc B"lume 90 m 76.73+43.02 93.40+57.49 0.289
m 0m (AGV) 364.35+87.21 317.61463.17 0.031*
5m (AGV) 299.80+82.04 348.30471.92 0.026*

10 m (AGV) 257.13+79.80 304.90+58.39 0.016*

15m (AGV) 297.31+72.86 270.19+70.89 0.021*

30 m (AGY) 167.00+71.22 205.54+67.47 0,022%

5 m (AGY) 128.79+65.42 163.77+71.08 0.083

60 m (AGV) 96.76+57.03 122.54+67.47 0.197

90 m (AGV) 41.01+43.04 53.36+51.24 0.285

15 m 27.05+16.40 (n=33) 31.82+35.96 (n=20) 0.819

30 m 99.38+13.14 36.42+93.34 0.261

o 45 m 33.01+13.00 46.07+45.37 0.232
60 m 35.27+15.09 39.65+17.65 0.452

90 m 33.85+12.27 35.29+13.34 0.831

Average 31.66+10.26 37.81+20.34 0.384

MAX GV : maximal value of gastric volume, NPO : non per os, Ty : gastric emptying half-time, AGV : variation of

gastric volume

Values were analyzed by independent t- test or Mann-Whitney U test for continuous variables. Continuous variables are

presented as mean (standard deviation).

MAX GV after 0 o vle) BEAAoE §23
A Zo(p=0.035), o] 2] WslFo = FA A
2 ot zpo| 7k e ke (Table 9).

SME W) A ZARE G0 24 A7

= B
HJ—‘

: p<0.05 and ** :

. p<0.01)

A 7 27 T Ae7h gl ot A% 90l
AR MAX GV 0 me-o] 3859+15.80%, MAX GV
after 0 m¥=°] 30.63£9.35%-2.2 MAX GV after 0 m
=9 % Aoz fo3tA Zskt & Wit
> MAX GV 0 m*e] 38.04+14.71%, MAX GV
after 0 mv-°] 29.65+10.32%-22 MAX GV after 0 m
o] fosHA & v E e e leE B
olek(p=0.019, Table 9).
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Table 9. Gastric Volume and Gastric Emptying Half-time of Control Group
MAX GV 0 m (n=41) MAX GV after 0 m (n=19) P

8 hours NPO 41.76x20.51 52.61+32.00 0.078
0 m 392.97£114.25 338.07£77.75 0.100
5m 309.73+98.29 (n=39) 298.98+82.04 (n=19) 0.456
10 m 311.41£95.15 (n=39) 325.54%79.35 (n=17) 0.368
15 m 273.68+80.33 305.29+78.79 0.179
30 m 222.4576.83 238.27+65.43 0.382
45 m 178.1261.65 179.57+50.94 0.739
60 m 139.58+54.56 137.08+55.12 0.981

Gastric volume 90 m 90.59+41.12 81.99+38.40 0.662

0m (AGV) 301.21+111.34 285.47+76.28 0.035*

5m (AGV) 309.41£95.15 (n=39) 298.98+82.04 (n=19) 0.697

10 m (AGV) 269.39£93.48 (n=39) 270.56%82.70 (n=17) 0.675

15 m (AGV) 231.92£77.24 252.69£78.45 0.348

30 m (AGV) 180.69+74.94 185.66+68.84 0.733

45 m (AGV) 136.36+58.04 126.96+52.64 0.697

60 m (AGV) 97.82+53.93 84.47+52.19 0.344

90 m (AGV) 48.83+40.23 29.38+35.66 0.094
15 m 31.29+18.53 (n=40) 22.59£13.59 (n=15) 0.080
30 m 36.03+17.17 31.07+15.98 0.230

T 45 m 37.48+16.83 32.36%20.05 0.083
60 m 41.54%35.06 29.84%9.71 0.094

90 m 38.59+15.80 30.63+9.35 0.038*

Average 38.04+14.71 29.65+10.32 0.019*

MAX GV : maximal value of gastric volume. NPO : non per os, Ty : gastric emptying half-time, AGV : variation of
gastric volume

Values were analyzed by independent t-test or Mann-Whitney U test for continuous variables. Continuous variables are
presented as mean (standard deviation). (* : p<0.05 and ** : p<0.01)

3. =21 iEsat 2 MEte| Ay EAM 5, 7|85 97185 AEA £4, NDSI £
1) AA AR A 229} S5 AR = A3} 319] Ml =<l frequency, intensity, suffering
A 7 A 24 Zr7ke] 24, NDI-QOL 43 3¢ d 5ql

4
QA AARAN 285} 253 2 AE %

kel A HlaEAT A3 VAS AAH A

interference, knowledge & control, eat & drink,
sleep 47H8] 4 BT f28 ARPA S HelA

=
$A, e AR, 8D ARA FIA 85 22 kkeHTable 10).
$dz g2 A ¥ 2 A% 933 A%
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Table 10. Correlation Analysis between Average Gastric Emptying Half-time and Various Questionnaires

in Al Subjects

Average Ty, (n=119)

Questionnaire r p
VAS -0.103 0.266
FRQ score 0.047 0.616
PPQ score 0.112 0.226
Cold score at CHQ 0.030 0.743
Hot score at CHQ 0.091 0.327
Deficiency score at DEQ 0.004 0.488
Excess score at DEQ -0.119 0.198
SQDQ score 0.046 0.617
SSQD score 0.018 0.844
Frequency -0.003 0.972
Intensity 0.026 0.779
NDaI Suffering 0.009 0.924
Total score 0.011 0.906
Interference 0.041 0.661
Knowledge & control 0.013 0.887
NDI-QOL Eat & drink -0.022 0.815
Sleep 0.049 0.597
Total score 0.016 0.863

VAS : visual analogue scale, FRQ : food retention questionnaire, PPQ : phlegm pattern questionnaire, CHQ : cold

and heat questionnaire, DEQ : deficiency and excess questionnaire, SQDQ
scale for stomach qi deficiency pattern, NDI-K : nepean dyspepsia index-Korea version, NDI-QoL

index-quality of life
p-value is calculated by Spearman’s correlation test. (
r  Spearman's correlation coefficient

*

2) FDZAAM 253 $i&sd AE 4 1
o] AHA BA

(1) A A A3 #4

FDFAA 253 &5 24 AE 3499
AT BAMEA T, 9 AR 24, A A

. spleen qi-deficiency questionnaire, SSQD :

. nepean dyspepsia

- p<0.05 and ** = p<0.01)

2 g

=
<
s

%

7§]o§

A

[¢]

3% %%, NDSI % intensity ¢ 5
g o] AEAE B9 NDI-QOL

knowledge & control 33 EA Ao E £-9
L9 A#AAZ B Table 11).
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Table 11. Correlation Analysis between Average Gastric Emptying Half-time and Various Questionnaires

in FD Group
Average Ty, (n=59)

Questionnaire r p
VAS -0.027 0.731
FRQ score 0.119 0.371
PPQ score 0.328 0.011*
Cold score at CHQ 0.229 0.082
Hot score at CHQ 0.234 0.074
Deficiency score at DEQ 0.280 0.032*
Excess score at DEQ -0.095 0.475
SQDQ score 0.221 0.092
SSQD score 0.143 0.281
Frequency 0.159 0.230
Intensity 0.296 0.023*
NDaI Suffering 0.192 0.145
Total score 0.236 0.072
Interference -0.151 0.254
Knowledge & control -0.317 0.014*
NDI-QOL Eat & drink -0.232 0.077
Sleep -0.132 0.319
Total score -0.235 0.073

VAS : visual analogue scale, FRQ : food retention questionnaire, PPQ :
questionnaire, DEQ : deficiency and excess questionnaire, SQDQ

phlegm questionnaire, CHQ : cold and heat
. spleen qgi-deficiency questionnaire, SSQD : scale for

stomach qi deficiency pattern, NDI-K : nepean dyspepsia index-Korea version, NDI-QoL : nepean dyspepsia index-quality

of life
p Value is calculated by Spearman’s correlation test.
. Spearman’s correlation coefficient

g =
volt A Wi A BE3e) ARy B4
& Adags,

D Fe A

p=0.001), ‘Z=7t
p=0013), &3} 2 k=t (r=0.264. p=0.044),
o] W AAY B3k AL w7k A (r=0.279,
p=0.032). ™17} oFE W7} Qi (r=0.299, p= 0021)
A 3 Ee Helrt' (r=0325, p=0.012)2 F 14
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- p<0.05 and ** :

- p<0.01)

0268 p= 0040) Ra

9& %}PJ} S 950l %iﬁ‘r r=0.259, p=0.047)
2 &%

37 Eapel gl
% Intensity

_/,\_%Bk ZA Z2 7T Oﬂcioﬂ}\]L ApE-H

<}

" (r=0.259, p=0.047), 7} 55 (r=0.307,
p=0.018), "F9" (r=0312. p=0.016) OJW ﬁ”ﬂ%



7)9} EAR 2 o8 ARAAE HAh
@ NDI-QOL % Knowledge & Control

bR
re rle

&3] oju AR JAFUAT (1=0275,
35), Ayt 23 =9l A ZAle] ¢dozw
a3 7 AU (r=0302,

A zo = Qlale

ko]

Il
)
)
C

¢

o,
offl (NN

=
= B
i,
= o
o
kW

ko
1]
()
()
DD
()
4o 3o o

>
69
Do
-\
)

ZZA) - DT - T - YR

st s, A7 ek 27l Ao
A7 (r=0.310, p=0.017) 2 Jepytc)

(3) FD+ F 9 Ad 44 =% Alzbel o2
7+ AR A He] v

MAX GV 0 m#&3 MAX GV after 0 m Ahol
of BE AE 24 J7s FAHE #9373}

o] Ho]A &3keH(Table 12).

Table 12. Total Score of Various Questionnaires in FD Group

MAX GV 0 m (n=38)

MAX GV after 0 m (n=21) P

VAS 64.13£13.16 63.67+12.96 0.968

FRQ score 8.11+3.19 8.43+2.44 0.702

PPQ score 11.87+4.93 11.81£5.02 0.943

Cold score at CHQ 30.47+12.16 36.86+15.99 0.113

Hot score at CHQ 27.05+18.71 30.24+16.96 0.288
Deficiency score at DEQ 36.95+10.05 38.05+14.07 0.704
Excess score at DEQ 22.00£4.77 20.52+5.65 0.318
SQDQ score 48.7712.37 47.18+17.61 0.776

SSQD score 24.71+4.31 23.05%5.96 0.250
Frequency 18.94+8.76 20.38+8.16 0.531

NDSI Intensity 25.92+10.39 28.43+12.92 0.579
Suffering 20.29+8.37 22.24+10.57 0.521

Total score £5.16+25.65 71.05£30.71 0.521

Interference 68.87+18.75 68.49+15.42 0.612

Knowledge & control 64.09£19.42 61.54+16.56 0.466

NDI-QOL Eat & drink 68.42+19.00 69.84+15.92 0.924
Sleep 62.17+26.55 70.83+23.16 0.192

Total score £9.8917.90 67.68+15.37 0.893

MAX GV : maximal value of gastric volume. VAS : visual analogue scale, FRQ : food retention questionnaire, PPQ :
phlegm pattern questionnaire, CHQ : cold and heat questionnaire, DEQ : deficiency and excess questionnaire, SQDQ :
spleen qi-deficiency questionnaire, SSQD : scale for stomach qi deficiency pattern, NDI-K : nepean dyspepsia index-Korea

version, NDI-QoL : nepean dyspepsia index-quality of life.

Values were analyzed by independent t-test or Mann-Whitney U test for continuous variables. Continuous variables are
presented as mean (standard deviation). (* : p<0.05 and ** : p<0.01)

£ AfellMe F 1199 (FD 59%. A% 4=
< 607) = dAor 253z EsE F43)
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