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Abstract

Background—Symptoms of gastroparesis based on patient recall correlate poorly with gastric

emptying.

Aim—To determine if symptoms recorded during gastric emptying scintigraphy (GES) correlate

with gastric emptying and with symptoms based on patient recall.

Methods—Patients undergoing GES completed the Patient Assessment of GI Symptoms (PAGI-

SYM) assessing symptoms over the prior 2 weeks and a questionnaire for which patients graded

six symptoms during GES. A Symptom Severity Index (SSI) represented the mean of six

symptoms at each time point.

Key Results—560 patients underwent GES for clinical evaluation of symptoms. Of 388 patients

included in the study: 232 patients had normal GES (NGES), 156 delayed GES (DGES), and 11

rapid GES (RGES). SSI increased pre- to postprandial for each group: NGES: 0.51±0.07 to

0.92±0.03, DGES: 0.60±0.09 to 1.13±0.05, and RGES: 0.56±0.12 to 0.79±0.13. DGES patients

had a higher postprandial SSI than NGES patients (1.13±0.05 vs 0.92±0.03, p<0.05). Postprandial

symptoms of stomach fullness (1.9±0.12 vs 1.5±0.09; p=0.011), bloating (1.4±0.11 vs 1.1±0.09; p

=0.033), and abdominal pain (1.1±0.08 vs 0.7±0.12; p=0.012) were higher in DGES than NGES.

Symptom severity based on PAGI-SYM for 2 weeks prior to GES correlated with symptoms

during the test for nausea (NGES r=0.61, DGES r=0.70), stomach fullness (NGES r=0.47, DGES

r=0.60), and bloating (NGES r=0.62, DGES r=0.66).

Conclusions & Inferences—Stomach fullness, bloating, and abdominal pain recorded during

GES were higher in patients with delayed gastric emptying than in patients with normal gastric

emptying. Symptoms recorded during GES correlated with those during daily life by patient recall.
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INTRODUCTION

Gastroparesis is a chronic disorder characterized by delayed gastric emptying (1). Common

categories of gastroparesis include idiopathic, diabetes mellitus, and post-surgical vagus

nerve damage. Symptoms may include nausea, vomiting, abdominal discomfort, bloating,

early satiety, and stomach fullness. Though extensively studied, the mechanism(s) causing

symptoms in gastroparesis remains unknown (2). Symptoms may be related to the global

delay in gastric emptying that defines gastroparesis or to other causes including antral

hypomotility, impaired fundic accommodation, antral distention, gastric dysrhythmias, and

visceral hypersensitivity (3,4).

Symptom correlations with delayed gastric emptying are variable for diabetic gastropathy,

idiopathic gastroparesis, and functional dyspepsia. Early satiety, postprandial fullness, and

vomiting have been reported to be associated with delayed emptying in patients with

functional dyspepsia (5,6). Of dyspeptic patients undergoing GES for clinical evaluation,

nausea and vomiting were found to be associated with the rate of GES (7). Interestingly,

some patients with functional dyspepsia may have rapid gastric emptying with symptoms

similar to patients with delayed gastric emptying (8). In patients with diabetes, abdominal

fullness, bloating, and upper abdominal pain have been associated with delayed gastric

emptying (9,10). Some studies, however, have shown a poor correlation between gastric

emptying and severity of gastric symptoms in diabetic patients (11,12).

Prior studies exploring the relationship of symptoms to gastric emptying abnormalities have

generally been limited to a small sample size with symptoms quantified based on patient

recall. A lack of a standardized gastric emptying test also has limited uniformity of testing

and credibility of results (13). To overcome these deficiencies, this study investigated real-

time gastroparetic symptoms during GES using the consensus-standardized 4 hour GES

(13,14). The aim of this study was to determine if there is an association between delayed

gastric emptying and symptoms of gastroparesis as recorded during GES. Symptoms based

on a 2 week recall also were compared with symptoms during the gastric emptying test. The

relationships between diabetes, symptom severity, and GES results were investigated.

METHODS

Overview

The study population included patients undergoing gastric emptying scintigraphy for clinical

evaluation over the time period September 1, 2007 to September 1, 2008.

Gastric emptying scintigraphy (GES)

Patients reported to the Nuclear Medicine imaging department in the fasting condition. GES

was performed after ingestion of a standard 99mTc-sulfur colloid radiolabeled liquid egg

white (Eggbeaters®) sandwich with jam and 300 cc of water. Specifically, the meal

consisted of 4 oz. (120 g, equal to two large eggs) liquid egg white (99% real eggs,

cholesterol-free, fat-free, and low-calorie); two slices of white bread (120 kcal), strawberry

jam (30 g, 74 kcal), water (120 mL). The total caloric value of the meal was 255 kcal (72%

carbohydrate, 24% protein, 2% fat and 2% fiber) (13,14). The egg white was radiolabeled
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with technetium-99m sulfur colloid, 0.5 mCi. The radiolabeled meal was consumed and

scintigraphic images were obtained at 0, 30, 60, 120, 180, and 240 minutes after meal

ingestion. The geometric center of the decay-corrected anterior and posterior counts was

calculated for each time point. Gastric emptying was analyzed as the percent of radioactivity

retained in the stomach over time (14,15). Abnormalities in gastric emptying were defined

using the imaging data from the 1, 2, and 4-hour imaging intervals (13,14). Solid emptying

was considered delayed if gastric retention was >60% at 2 hours and/or >10% at 4 hours as

reported by Tougas et al (14). Rapid emptying was defined as having <35% retention (>65%

emptied) at 1 hour (13). Normal [NGES]) was defined if the result was neither delayed nor

rapid.

Symptom questionnaires

Patients filled out 3 questionnaires during GES. First, they completed a demographics

questionnaire that asked about age, gender, main symptom for which GES is being

performed, presence of diabetes, morning glucose level, medications (including pain and

prokinetic medications), and prior gastrointestinal surgery. Second, patients completed the

Patient Assessment of GI Symptoms Questionnaire (PAGI-SYM) (16,17) which asks

patients to grade twenty symptoms of gastroparesis, functional dyspepsia, and

gastroesophageal reflux disease for their severity over the prior 2 weeks. The PAGI-SYM

includes the nine symptoms of the Gastroparesis Cardinal Symptom Index (GCSI) (18,19).

Additional questions asked about constipation, diarrhea, the number of vomiting episodes

per day and the number of bowel movements per week. Third, patients filled out a GES

Symptom Questionnaire devised from Arts et al (19) for which patients grade six

gastroparetic symptoms (abdominal pain, bloating, stomach fullness, nausea, belching,

abdominal burning) on a scale of 0 (none) to 3 (severe). Patients graded their symptoms

preprandially and at 0, 0.5, 1, 2, 3, 4 hrs postprandially at the time of imaging for the solid-

phase EggBeaters GES.

Data analysis

Symptoms during GES were compared with the GES results and with the PAGI-SYM

results. A Symptom Severity Index (SSI) for each time point during the GES represented the

mean of the six symptoms at each time point. The serial postprandial SSI values at 0, 0.5, 1,

2, 3, 4 hrs postprandially during the GES were averaged for an Overall Postprandial SSI.

Symptoms of diabetics with delayed gastric emptying (diabetic gastroparesis) and non-

diabetic non-postsurgical gastroparesis (idiopathic gastroparesis) were determined and

compared. Only patients with known diabetes or known to be non-diabetic were compared.

Results are expressed as mean ± SEM. Groups were compared using ANOVA and students t

test with Bonferroni correction for multiple comparisons where appropriate. Spearman’s

correlation was used to determine the correlation between the symptoms during GES with

symptoms passed on patient recall using the PAGI-SYM.
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RESULTS

560 patients underwent GES between September 1, 2007 and September 1, 2008 for clinical

evaluation of dyspeptic symptoms. Of these, 409 patients met the study inclusion criteria: no

prior gastric surgery, and no use of prokinetics or narcotic analgesic medications within 48

hrs of GES. 232 patients had NGES, 156 had DGES, and 11 had RGES. Table 1 shows

demographic information for the different study groups.

Table 2 shows the mean symptom scores during the GES for each of the six symptoms and

the SSI for each group (NGES, DGES, RGES) for each time point during the gastric

emptying test. Each group’s SSI, representing the average of the six symptoms, increased

pre- to postprandial. For NGES, the SSI increased from 0.51±0.03 to a maximum of

0.92±0.03 (p<0.05) at one hour postprandially. For DGES, the SSI increased from

0.60±0.04 to a maximum of 1.13±0.05 (p<0.01) at one hour postprandially. For RGES, the

SSI increased from 0.56±0.12 to a maximum of 0.79±0.13 (p<0.05) at 30 minutes

postprandially. The DGES patients had a higher maximal postprandial SSI than NGES

patients (1.13±0.05 vs 0.92±0.03, p<0.05).

The serial postprandial SSI values at 0, 0.5, 1, 2, 3, 4 hrs postprandially during the GES

were averaged for an Overall Postprandial SSI. The Overall Postprandial SSI was higher

than the preprandial SSI for NGES, DGES and RGES patients. Patients with DGES had a

significantly higher Overall Postprandial SSI (1.02±0.05; p<0.05) than patients with NGES

(0.81±0.03) and patients with RGES (0.67±0.12).

The individual six symptoms recorded by the patients during the GES were also assessed

(Table 2). During the gastric emptying test, postprandial symptoms of stomach fullness

(1.87±0.12 vs 1.61±0.09; p=0.011), bloating (1.45±0.11 vs 1.12±0.09; p =0.033), and

abdominal pain (1.10±0.11 vs 0.75±0.08; p=0.012) were significantly higher in DGES than

in NGES patients, but there was no statistical difference for the symptoms of belching

(p=0.24), nausea (p=0.13), or abdominal burning (p=0.19) (Table 2 and Figures 1,2,3,).

Most of these postprandial symptoms were maximal at 1 hour after meal ingestion (Figures

1,2,3). Of the six symptoms measured, stomach fullness was the graded highest in severity

in patients with DGES (Table 2).

Symptoms based on recall of the 2 week period prior to the GES as assessed with the PAGI-

SYM are shown in Table 3. Patients with delayed GES had higher symptom recall scores for

nausea (p=0.040), loss of appetite (p=0.020), not able to finish a meal (p =0.016), feeling

excessively full after meals (p=0.048), and lower abdominal pain (p=0.04) than patients with

normal GES. Two symptoms (not able to finish a normal size meal and feeling excessively

full after meals) were rated with the highest severity in patients with DGES. Symptoms

based on patient recall using the PAGI-SYM were mildly correlated with the 4 hour percent

retention on gastric emptying scintigraphy for loss of appetite (r=0.129), feeling excessively

full after meals (r=0.126), and not able to finish a full meal (r=0.125).

Symptom severity based on PAGI-SYM for symptoms 2 weeks prior to GES correlated with

symptoms during the test for nausea (NGES r=0.61; p<0.001, DGES r=0.70; p<0.0001),

stomach fullness (NGES r=0.47; p<0.001, DGES r=0.60; p<0.001), and bloating (NGES
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r=0.62; p<0.001, DGES r=0.66; p<0.001). Overall, DGES patients had a higher correlation

with the PAGI-SYM than the NGES patients.

Diabetes Mellitus

The symptoms of diabetic patients with delayed gastric emptying (diabetic gastroparesis)

were compared to nondiabetic nonsurgical patients with delayed gastric emptying

(idiopathic gastroparesis) (Table 4). Compared to fasting, during the GES, diabetic patients

had an increase in their stomach fullness (0.68±0.21 to 1.57±0.27) and bloating (0.73±0.25

to 1.45±0.25). For idiopathic patients, the GES meal increased abdominal pain (0.66±0.12 to

1.25±0.14), stomach fullness (0.51±0.11 to 2.05±0.14), nausea (0.82±0.14 to 1.19±0.15),

and bloating (0.64±0.12 to 1.43±0.14). Numerically, both groups graded stomach fullness as

the most severe symptom. Stomach fullness was rated as more severe in patients with

idiopathic gastroparesis than patients with diabetic gastroparesis at 0, 30 min, and 3 hrs

postprandial. Idiopathic gastroparetics had a significantly higher SSI than diabetic

gastroparetics at two time points during GES (0 hr, 0.5 hr) (table 4).

DISCUSSION

This study has examined patients undergoing gastric emptying scintigraphy in order to better

appreciate the symptoms of patients with gastroparesis. We have shown that the postprandial

symptoms of stomach fullness, bloating, and abdominal pain were higher in patients with

delayed gastric emptying than in patients with normal gastric emptying. Furthermore, the

symptoms reported by the patients during the GES test with the low fat Eggbeaters meal

generally correlated with symptoms recorded by the patient’s recall of their symptoms using

the PAGI-SYM.

The three symptoms that had the strongest relationship with delayed gastric emptying were

stomach fullness, bloating, and abdominal pain. These symptoms peaked at one hour

postprandially in patients with normal and delayed gastric emptying and at 30 min

postprandially for RGES patients. However, symptoms of nausea, abdominal burning, and

belching were found to have a different postprandial relationship with only a minimal

nonsignificant increase postprandially. Few other studies have evaluated symptoms during

gastric emptying and there have been fewer studies correlating symptoms present during the

gastric emptying test to the result of the gastric emptying test. One study performed with

octanoate breath testing for measuring gastric emptying found no significant correlation

between meal related symptom scores and solid or liquid gastric emptying (20). Another

study also using octanoate breath testing in patients with functional dyspepsia found a

temporal relationship of symptoms during gastric emptying (21). The time-course of

individual symptoms varied, with early peaks for fullness and bloating, intermediate peaks

for nausea and belching, and late peaks for pain and burning. The time profile of individual

symptoms might suggest different causes and might be of importance in the future when

coordinating patient-specific pharmacologic intervention. The early onset of symptoms

during the gastric emptying process seen in this study might be related to impaired fundal

accommodation. Prior studies have suggested that the proximal rather than the distal

stomach plays a major role in the pathogenesis of many upper GI symptoms (4). Regional
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gastric emptying can assess intragastric meal distribution and transit from the proximal to

distal portions of the stomach and may provide greater information regarding fundal and

antral function (22). Studies have shown an association between symptoms of nausea, early

satiety, abdominal distention with proximal gastric retention; whereas vomiting is associated

more with delayed distal gastric emptying (23,24). In functional dyspepsia, three

pathophysiological factors have been suggested to play a role in symptom generation:

impaired accommodation associated with early satiety; delayed gastric emptying associated

with postprandial fullness, nausea, vomiting; and hypersensitivity to gastric distension

associated with epigastric pain (25).

This study demonstrates a good correlation between real time symptoms recorded during

GES and the PAGI-SYM for which the patient grades their symptoms over the prior two

weeks. The results appear to support the low-fat egg white meal (e.g., Eggbeaters meal) as

an appropriate provocative meal to induce postprandial symptoms (12). This is interesting as

it is relatively low fat meal (13). Interestingly, patients with DGES had a higher correlation

of the SSI during the GES compared to the PAGY-SYM quantitating symptoms over two

weeks prior to the GES. The PAGI-SYM, which includes the nine symptoms of the

Gastroparesis Cardinal Symptom Index (GCSI; 18,19), was developed as a questionnaire to

assess symptoms of gastroparesis, functional dyspepsia, and gastroesophageal reflux

(16,17,18,19). The higher correlation in DGES might also be due to a larger range of

symptom scores in patients with delayed gastric emptying. A recent study suggests that the

PAGI-SYM scores are mainly correlated with gastric emptying rate and with gastric

hypersensitivity (26) and suggested that the PAGI-SYM questionnaire may be useful in the

evaluation of gastroprokinetic agents.

This study compared the symptoms of diabetic gastroparesis and idiopathic gastroparesis

analyzing symptoms during the gastric emptying test. The data show that stomach fullness

was the most severe symptom in both diabetic and idiopathic gastroparesis. This symptom

was rated as more severe in patients with idiopathic gastroparesis than patients with diabetic

gastroparesis at 0, 30 min, and 3 hrs postprandial. Patients with idiopathic gastroparesis had

a significant increase in abdominal pain during the GES with Eggbeaters meal. In contrast,

abdominal pain did not significantly increase in patients with diabetic gastroparesis. One

shortcoming of this study is that the glucose levels were not assessed during the gastric

emptying test. Hyperglycemia is known to slow gastric emptying and might impact

symptom production (13).

In summary, this study has looked carefully at symptoms of patients with delayed gastric

emptying. Overall symptom severity recorded during GES was higher in DGES than NGES

patients. In addition, the individual symptoms of stomach fullness, bloating, and abdominal

pain were higher in DGES than in NGES. Furthermore, there is good correlation between

symptoms recorded during GES and the PAGI-SYM-symptoms recorded for the 2 weeks

prior to GES.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Temporal relation of stomach fullness severity during GES. Symptoms of stomach fullness

during GES were significantly higher in DGES compared to NGES patients at 1 hour

(p=0.01), 2 hours (p=0.05), and 3 hours (p=0.05).
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Figure 2.
Temporal relation of abdominal bloating severity during GES. Symptoms of bloating during

GES were significantly higher in DGES compared to NGES patients at 1 hour (p=0.03) and

at 2 hours (p=0.02).
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Figure 3.
Temporal relation of abdominal pain severity during GES. Symptoms of abdominal pain

during GES were significantly higher in DGES compared to NGES patients at 30 minutes

(p=0.02), 1 hour (p=0.01), 2 hours (p=0.001), and at 2 hours (p=0.004).
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Table 1

Patient Characteristics

Overall Study
Group

Patients with
Normal GES
(NGES)

Patients with
Delayed GES
(DGES)

Patients with
Rapid GES
(RGES)

Number of Patients 409 232 156 11

Average Age (yrs) 46.1 46.5 45.6 51.8

Gender (%) 73% F 70% F 78% F 63% F

Weight (avg lbs) 163.2 165.1 159 221.7

BMI (average) 26.8 26.7 27.2 35.6

Diabetes (# of Patients) 73 33 35 5
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Table 3

Symptoms by PAGI-SYM for the NGES, DGES, and RGES groups.

NGE DGE RGE

Nausea 2.34±0.12 2.74±0.15 2.00±0.55

Retching 1.36±0.12 1.57±0.15 1.00±0.32

Vomiting 1.39±0.12 1.60±0.16 1.45±0.59

Stomach fullness 2.81±0.18 2.96±0.15 2.25±0.50

Not able to finish a normal-size meal 2.40±0.11 3.26±0.14 2.16±0.60

Feeling excessively full after meals 2.87±0.11 3.26±0.14 3.00±0.53

Loss of appetite 2.05±0.11 2.60±0.15 2.00±0.56

Bloating 2.53±0.11 2.60±0.14 2.25±0.41

Stomach or belly visibly larger 2.02±0.13 2.09±0.16 1.75±0.46

Upper abdominal pain 2.12±0.12 2.27±0.15 1.08±0.43

Upper abdominal discomfort 2.51±0.12 2.64±0.14 1.83±0.47

Lower abdominal pain 1.33±0.11 1.73±0.14 1.33±0.48

Lower abdominal discomfort 2.51±0.12 2.64±0.14 1.83±0.47

Heartburn during the day 1.84±0.11 1.57±0.14 1.25±0.32

Heartburn when lying down 1.75±0.12 1.75±0.12 1.58±0.35

Feeling of discomfort inside chest during the day 1.5±0.11 1.62±0.14 1.50±0.35

Feeling of discomfort inside chest at night 1.24±0.11 1.23±0.14 1.33±0.39

Regurgitation or reflux during the day 1.85±0.11 1.77±0.15 1.18±0.50

Regurgitation or reflux when lying down 1.86±0.11 1.68±0.16 1.54±0.45

Bitter, acid or sour taste in mouth 1.73±0.11 1.70±0.14 158±0.48

Constipation 1.76±0.12 2.04±0.16 1.25±0.49

Diarrhea 1.35±0.11 1.63±0.14 1.77±0.52

Episodes of vomiting per week 5.88±0.19 7.89±0.29 2.66±0.33

Bowel movements per week 9.08±0.70 8.09±0.83 16.9±1.10

Results expressed as mean ± SEM

Neurogastroenterol Motil. Author manuscript; available in PMC 2014 July 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Khayyam et al. Page 15

T
ab

le
 4

Sy
m

pt
om

s 
du

ri
ng

 E
gg

be
at

er
s 

G
as

tr
ic

 E
m

pt
yi

ng
 S

ci
nt

ig
ra

ph
y 

T
es

t f
or

 p
at

ie
nt

s 
w

ith
 d

ia
be

tic
 g

as
tr

op
ar

es
is

 a
nd

 id
io

pa
th

ic
 g

as
tr

op
ar

es
is

.

B
ef

or
e

M
ea

l
0 

ho
ur

0.
5 

ho
ur

1 
ho

ur
2 

ho
ur

3 
ho

ur
4 

ho
ur

D
ia

be
tic

 G
as

tr
op

ar
es

is
 (

n=
35

)

A
bd

om
in

al
 p

ai
n

0.
68

±
0.

23
0.

65
±

0.
24

0.
80

±
0.

25
0.

85
±

0.
24

0.
80

±
0.

23
0.

77
±

0.
26

0.
86

±
0.

30

N
au

se
a

0.
73

±
0.

20
1.

00
±

0.
26

0.
88

±
0.

24
1.

05
±

0.
24

0.
89

±
0.

24
0.

88
±

0.
25

0.
86

±
0.

27

St
om

ac
h 

fu
lln

es
s

0.
68

±
0.

21
1.

50
±

0.
29

1.
50

±
0.

28
1.

57
±

0.
27

1.
35

±
0.

25
1.

17
±

0.
27

1.
20

±
0.

29

B
lo

at
in

g
0.

73
±

0.
25

1.
00

±
0.

22
1.

10
±

0.
25

1.
45

±
0.

25
1.

26
±

0.
25

1.
11

±
0.

25
1.

14
±

0.
27

A
bd

 b
ur

ni
ng

0.
20

±
0.

11
0.

21
±

0.
12

0.
21

±
0.

12
0.

15
±

0.
11

0.
40

±
0.

19
0.

61
±

0.
25

0.
65

±
0.

27

B
el

ch
in

g
0.

65
±

0.
25

0.
71

±
0.

25
0.

86
±

0.
24

0.
78

±
0.

27
1.

0±
0.

28
0.

94
±

0.
30

0.
96

±
0.

32

SS
I

0.
61

±
0.

08
0.

84
±

0.
10

0.
90

±
0.

10
0.

98
±

0.
10

0.
94

±
0.

10
0.

91
±

0.
10

0.
94

±
0.

11

Id
io

pa
th

ic
 G

as
tr

op
ar

es
is

 (
n=

12
1)

A
bd

om
in

al
 p

ai
n

0.
66

±
0.

12
1.

04
±

0.
15

1.
19

±
0.

14
1.

20
±

0.
15

1.
25

±
0.

14
1.

16
±

0.
14

0.
83

±
0.

12

N
au

se
a

0.
82

±
0.

14
1.

10
±

0.
15

1.
14

±
0.

15
1.

18
±

0.
16

1.
19

±
0.

15
1.

09
±

0.
15

0.
76

±
0.

14

St
om

ac
h 

fu
lln

es
s

0.
51

±
0.

11
2.

00
±

0.
14

2.
05

±
0.

14
2.

01
±

0.
14

1.
60

±
0.

14
1.

34
±

0.
14

1.
09

±
0.

14

B
lo

at
in

g
0.

64
±

0.
12

1.
26

±
0.

15
1.

42
±

0.
15

1.
43

±
0.

14
1.

22
±

0.
13

1.
12

±
0.

13
0.

96
±

0.
12

A
bd

 b
ur

ni
ng

0.
31

±
0.

11
0.

38
±

0.
11

0.
41

±
0.

12
0.

44
±

0.
11

0.
60

±
0.

12
0.

59
±

0.
12

0.
50

±
0.

10

B
el

ch
in

g
0.

41
±

0.
11

0.
84

±
0.

12
0.

90
±

0.
12

0.
81

±
0.

12
0.

83
±

0.
13

0.
72

±
0.

12
0.

55
±

0.
11

SS
I

0.
56

±
0.

05
1.

11
±

0.
06

1.
19

±
0.

06
1.

18
±

0.
06

1.
12

±
0.

05
1.

01
±

.0
5

0.
78

±
0.

05

R
es

ul
ts

 e
xp

re
ss

ed
 a

s 
m

ea
n 

±
 S

E
M

 f
or

 e
ac

h 
tim

e 
po

in
t.

Neurogastroenterol Motil. Author manuscript; available in PMC 2014 July 02.


