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Purpose: Determining gastric emptying is mandatory in the diagnosis of diabetic gastro-
paresis. Several methods of investigation exist, but none has proven reliable, inexpensive and
accessible. In this study, we aimed to compare gastric emptying of radiopaque markers
(ROM) and "carbon-labelled gastric emptying breath tests for solids (GEBT). We also
aimed to determine any association between gastric emptying and patient-reported symp-
toms, glycemic control and the patients’ age, diabetes duration and occurrence of other late
complications.

Patients and methods: Forty-five patients (30 women, 15 men) with diabetes mellitus
types 1 or 2 (40, 5) and symptoms of gastroparesis were examined with ROM and GEBT.
All were interviewed, filled out symptom questionnaires and had HbAlc levels measured.
Results: Forty percent of patients had delayed gastric emptying of ROM, while 55% had
delayed gastric emptying of GEBT. Correlation between ROM and GEBT was not signifi-
cant. Compared to GEBT, sensitivity for a positive ROM test was 0.52, while specificity was
0.74. In women, we found a higher specificity of 0.92, sensitivity 0.47. Difference in HbAlc
between patients with positive and negative results was of borderline significance for both
tests. GEBT (r=0.41, P=0.008) correlated with HbAlc. Patients with any late complications
of diabetes had higher gastric retention of ROM (P=0.028), while patients with polyneuro-
pathy (P=0.014) and diabetic wounds (P=0.004) had slower emptying with GEBT. None of
the methods identified significant associations between gastric emptying and symptom
scores, age or diabetes duration.

Conclusions: As a measure of gastric emptying, the ROM test has benefits of being
affordable and available. Compared to GEBT, the method has low diagnostic reliability.
Before continued use, we recommend additional studies validating the test in diabetes
patients.

Keywords: diabetes mellitus, gastroparesis, gastric emptying, radiopaque markers,
13carbon-labelled gastric emptying breath tests, patient-reported outcomes

Background

Gastrointestinal (GI) dysfunction occurs frequently in diabetes mellitus. Up to
50 percent of patients with longstanding type 1 diabetes mellitus (T1DM) and
type 2 diabetes mellitus (T2DM) have delayed gastric emptying, whilst cumulative
incidence of gastroparesis is 5% in TIDM and 1% in T2DM."? Current diagnostic
criteria of gastroparesis rest on the following triad: 1) Cardinal symptoms of
nausea, vomiting, early satiety, postprandial fullness and bloating. 2) Exclusion of
mechanical obstruction by upper endoscopy. 3) Objectively verified delay in gastric
emptying.*
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A challenge in the diagnosis of gastroparesis is the often
poor association between upper GI symptoms and gastric
emptying rates.®® In diabetes, measuring gastric emptying
has an additional justification in determining the absorption
of orally administered drugs and nutrients, and thus post-
prandial glucose regulation.*” Indeed, new onset or worsen-
ing of existing difficulties in blood glucose regulation may
be the first symptom of diabetic gastroparesis.'°

The current gold standard in diagnostic assessment of
diabetic gastroparesis is gastric emptying scintigraphy
(GES)."! However, the test is expensive, extensive and una-
vailable in most hospitals. Furthermore, new safety regulations
around the world regarding radioactivity and food handling led
to different local variants of the test, limiting the comparability
between centers. An increasingly accessible alternative to
GES is '"Jcarbon-labelled gastric emptying breath tests
(GEBT). First developed by Ghoos and colleagues in 1993,
B3C-octanoic acid breath test measures gastric emptying of
solids.'? GEBT is well validated, standardized and is proven
to be highly reliable compared to GES."*'® GEBT is also easy
to perform and can be conducted bedside or in a regular out-
patient clinic.'® In a joint position paper from 2011 by the
American and European Neurogastroenterology and Motility
Societies, the test was equated with GES for the assessment of
gastric emptying.'

Gastric emptying of radiopaque markers (ROM) is
a radiological procedure measuring gastric emptying of
indigestible solids.'” The test was validated by Feldman
and colleagues in 1984."7 ROM emptying is fulfilling the
criteria of low cost and high availability, as the method can
be implemented in all hospitals without need of expensive
investments. Previous studies have shown mixed results
reliability.'®2°

However, in a comparative study, Olausson and colleagues

concerning the method’s diagnostic
found a significant correlation between ROM and
scintigraphy.?! Although lacking in sensitivity (0.34),

ROM had excellent specificity and positive predictive

value (both 0.97), leading the authors to propose ROM
as an initial screening tool for diabetic gastroparesis.>'

In this study, we aimed to compare ROM with GEBT in
the evaluation of gastric emptying rates in patients with dia-

symptoms
Furthermore, we examined whether there were any associa-

betes and compatible with gastroparesis.
tions between gastric emptying and glycated hemoglobin
(HbA[c) levels, patient-reported symptoms as well as gender,
age, diabetes duration and the occurrence of other late DM

complications.

Methods

Subjects

Forty-five patients (30 women, 15 men) with TIDM or
T2DM (40, 5) were invited to participate in the study.
Forty-two were treated with insulin, three used metfor-
min and one sulfonylurea. All had symptoms suggestive
of gastroparesis and were referred to Haukeland
University Hospital for diagnostic evaluation. They had
previously undergone upper endoscopy to rule out other
causes of their GI complaints. Two patients had under-
gone operations potentially affecting gastric motility (one
perforated peptic ulcer, one gastric banding, later
reversed). Any medication affecting GI motility was
paused one week in advance. Patients were admitted to
the hospital during the study. Before commencing tests,
they were interviewed and examined by a physician and
gave blood samples including HbAlc. An overview of

the study protocol is presented in Figure 1.

Gastric emptying tests

Gastric emptying tests were performed following
a minimum of eight-hour fast. All patients were on intra-
venous glucose-insulin infusion during testing, with target
plasma glucose between 4 and 10 mmol/l. If levels fell

below 4 mmol/l, patients received intravenous glucose.

Day 1 Day 2 Day 3
Anamnesis > 8 hour fast > 8 hour fast
Physical examination I:> GEBT I:> ROM

PAGI-SYM

Blood samples

Figure | Study protocol.

Abbreviations: PAGI-SYM, Patient assessment of upper gastrointestinal symptom severity index; GEBT, '*Carbon-labelled gastric emptying breath test of solids; ROM,

[gastric emptying of] radiopaque markers.
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Gastric emptying breath tests (GEBT)
At time zero (08:00), patients ingested a standardized meal
labeled with the stable, non-radioactive carbon isotope
13C added to octanoic acid (C;H;5COO"), which is
absorbed in the GI tract, converted to carbon dioxide
(COy) in the liver and subsequently exhaled. GEBT mea-
sures the amount of '*CO, in exhaled air, which can be
converted into gastric emptying rates.'>'> Expiratory air
was collected in airtight containers and analyzed using
Infra Red Isotope Analyser® (IRIS®, Wagner Analysen
Technik GmbH). Gastric emptying was computed by GE2.
DEM software. Before the test meal, participants exhaled
into an airtight container collecting a zero sample.
Subsequently, they delivered breath samples every 15
mins for the first 2 hrs, then every 30 mins until 4 hrs.
The meal consisted of one egg with 100 pl of
3C-octanoic acid infused into the yolk. The egg was
cooked in a microwave oven for 1 min 20 seconds and
served with a 50-gram slice of white bread with 5 g of
dairy butter on top (300 kcal total). Together with the
meal, participants could drink 100 ml of still water. After
two hours, they could drink an additional 100 ml.
Delayed gastric emptying was defined as T,,>145
mins. Reference values were established through a local
verification of standard values given by the producer.
Values above >250 mins were not measured. For statistical
analyses, these were counted as equal to 250 mins.
Patients with rapid gastric emptying (<77 mins) were
classified as normal.

Gastric emptying of ROM

At 08:00, patients ingested 20 plastic ROM together with
a standardized meal (400 kcal): Oatmeal porridge (1 dl
oatmeal and 2 dl water), one cheese sandwich without
butter and a 2 dl glass of low-fat (1.2%) milk. ROM
were spherical with a density of 1.27 g/mm’ and
a diameter of 4 mm.*? After four hours (at 12:00),
a supine abdominal radiograph was taken. If ROM were
visualized in the stomach region of the abdomen, addi-
tional images were taken at five and eventually six hours
after intake.

Examination of radiographs was done manually,
counting ROM in the stomach in each image. Retention
rate (RR, percent, %) at each time point was determined
as the number of undescended ROM (N) divided by total
number of ingested ROM multiplied by 100, ie RR=
(Nx100)/20. To determine total gastric retention rate,
RR for each point was summarized and divided by

three, iec RRya=(RR4,TRR s, +RRg;,)/3. Each radiograph
was independently interpreted by two different examiners
(DS and ES), and the final result was calculated as
a mean of the two. Delayed gastric emptying was defined
as an average retention of >26% for men and >63% for

women in accordance with previous studies.?!**

Questionnaires

Participants filled out the Patient Assessment of Upper
Gastrointestinal Symptom Severity Index (PAGI-SYM)
questionnaire.”® PAGI-SYM is grouped into six subscales:
1) nausea/vomiting, 2) fullness/early satiety, 3) bloating, 4)
upper abdominal pain, 5) lower abdominal pain and 6)
heartburn/regurgitation.”® By averaging the scores of sub-
scales 1-3, the Gastroparesis Cardinal Symptom Index
(GCSI) is derived.** GCSI can be graded into mild or no
(0-2.99), moderate (3.0-3.99), and severe (4.0-5.0) symp-
toms of gastroparesis.>

Statistical analysis

All results are stated as mean (+standard deviation, SD) or
as median (interquartile range, IQR), in case of data that
failed the Shapiro—Wilk normality test. Sum scores from
questionnaires were treated as continuous variables. For
estimation of associations between continuous variables,
we used Pearson’s Product-moment Correlation for nor-
mally distributed data; otherwise, we used Spearman’s
Rank Order Correlation test. Relationship between catego-
rical variables was examined by Chi-square test for inde-
pendence or Fisher’s Exact Probability Test. Differences
between groups were evaluated by Mann—Whitney U test
in case of non-normally distributed data. Otherwise, we
used the Independent Samples #-test. As for the gastric
emptying tests’ diagnostic performance, we calculated
sensitivity, specificity, positive and negative predictive
likelihood ratios and
(ROC) curve.
Statistical significance level was defined as P<0.05. We
performed statistics on IBM SPSS Statistics (Ver. 24, IBM
Corporation, USA).

values, positive and negative
a Receiver Operating Characteristics

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki and was approved by The
Western Norway Regional Medical Ethics Committee
(2010/1652). All participants received oral and written

information, and they all signed an informed consent.
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Results

All 45 participants conducted ROM examinations and had
HbAlc levels measured. Three did not conduct GEBT,
leaving 42 patients eligible for test comparison. Forty-
one patients submitted answers to PAGI-SYM. The study
flow chart is depicted in Figure 2. Detailed clinical char-
acteristics are presented in Table 1.

Gastric emptying tests

Eighteen out of 45 patients (40%) had delayed gastric
emptying of ROM, with a median gastric retention rate
of 34 (IQR 77) percent. Twenty-three of 42 patients (55%)
had delayed gastric emptying by GEBT. Here, median
gastric retention was 150 (IQR 45) minutes.

Sensitivity for a positive ROM test compared to GEBT
was 0.52, specificity 0.74, positive predictive value (PPV)
0.71 and negative predictive value (NPV) 0.56. Positive
likelihood ratio (LR+) was 1.98 and negative LR (LR-)
0.65. Area under curve (AUC) for the ROC was 0.63 (95%
CI 0.46-0.80). The ROC curve is depicted in Figure 3.

Conducted
ROM testing
(n=45)

(n=3)

( Not conducted
L GEBT

Included for
test comparison
(n=42)

Figure 2 Inclusion flow chart.
Abbreviations: ROM, [gastric emptying of] radiopaque markers; GEBT, '*Carbon-
labelled gastric emptying breath test of solids.

Table | Clinical characteristics

Variables Patients
n 45
Gender (?/3), n 30/15
Diabetes type (1/2), n 40/5

Age, years 45 (34-53)
Diabetes duration, years 24 (18-32)
Late complications (0/1/22), n 9/12/24
HbAlc, mmol/mol 76 (63-76)
GCSI (mean, SD) 3.00 (0.87)
PAGI-SYM (mean, SD) 2.78 (0.87)

Note: Data are given as median and quartiles unless otherwise indicated.
Abbreviations: HbAlc, glycated hemoglobin; GCSI, Gastroparesis Cardinal
Symptom Index; PAGI-SYM, Patient Assessment of Upper Gastrointestinal
Symptom Severity Index.

We further looked into subgroups stratified by gender.
Nine out of 30 women (30%) had delayed gastric empty-
ing of ROM, while 15 out of 27 (56%) had delayed
emptying by GEBT. In women, sensitivity for a positive
ROM test compared to GEBT was 0.47, specificity 0.92,
PPV 0.88 and NPV 0.58. AUC was 0.72 (95% CI
0.52-0.91), LR+5.6 and LR— 0.58.

Nine out of 15 men (60%) had delayed emptying of
ROM, while 8 out of 15 (53%) had delayed emptying
by GEBT. Here, we found a sensitivity of 0.63 for
a positive ROM test, a specificity of 0.43, PPV 0.56
and NPV 0.5. AUC was 0.47 (95% CI 0.17-0.78), LR
+1.09 and LR— 0.88. Comparing gastric emptying for
women and men, we found no difference in any of the
tests.

Furthermore, we did not find any statistically signifi-
cant correlations between gastric emptying by ROM and
GEBT in women, men or both genders combined. There
was no significant difference in gastric emptying
between patients with TIDM and T2DM for any of
the tests.

Both examiners analyzed all ROM tests. We found
a strong inter-rater correlation, 7=0.97, P<0.0001 (Figure 4).
There was a 2.1 percentage point mean inter-rater difference
(95% CI1 0.3-3.9, P=0.02).

ROC Curve for positive ROM test compared to GEBT

1,0

0,8

Sensitivity
(=)
o

o
~

0,2

0,0
0,0 0,2 0,4 0,6 0,8 1,0

1 - Specificity

Figure 3 ROC curve for a positive ROM test compared to GEBT. Area under
curve for the ROC was 0.63 (95% CI 0.48-0.70).

Abbreviations: ROC, receiver operating characteristics; AUC, area under curve;
ROM, [gastric emptying of] radiopaque markers; GEBT, "3Carbon-labelled gastric
emptying breath test of solids.
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Inter-rater reliability testing for ROM

100

80

60

40

Examiner 1 (total retention, %)

20

0 20 40 60 80
Examiner 2 (total retention, %)

100

Figure 4 Inter-rater reliability testing showed a strong correlation of r=0.97,
P<0.0001.
Abbreviation: ROM, [gastric emptying of] radiopaque markers.

Glycated hemoglobin levels

Median HbAlc in all patients was 76 mmol/mol (IQR 21
mmol/mol). For both tests, the differences in HbAlc
between patients with positive and negative results were
near the predetermined significance levels (Table 2). Used
as a continuous variable, we found no association between
ROM retention grade and HbAlc score. In contrast, there
was a significant association between GEBT and HbAlc
(r=0.41, P=0.008). We found no difference in HbAlc
between genders or diabetes type.

Symptom scores

Mean PAGI-SYM score in all patients was 2.78 (SD 0.87),
while mean GCSI score was 3.00 (SD 0.87). There was no
difference in symptom scores between patients with posi-
tive and negative tests with ROM or GEBT (Table 3).
Furthermore, we could not find any association between

Table 2 Glycated hemoglobin (HbAc) levels by test results

symptom scores and continuous gastric retention values by
any of the methods. There was a highly significant differ-
ence in symptom scores between women and men: Mean
PAGI-SYM and GCSI was, respectively, 3.10 and 3.36 in
women, 2.22 and 2.37 in men (both P<0.001). Difference
in GCSI scores between patients with TIDM and T2DM
reached borderline significance (mean 2.96 and 3.34,
respectively, P=0.07). We found no difference in PAGI-
SYM values between the two diabetes types.

Late complications of diabetes

Nine patients (20%) had no late complications of diabetes
mellitus, 12 (27%) had one, while the remaining 24 (53%)
had two or more. Twenty-six patients (58%) had retino-
pathy, 16 (36%) had nephropathy, 23 (51%) had poly-
neuropathy and 5 (11%) had established coronary heart
disease. Ten patients (22%) had a history of diabetic
wounds.

Median gastric retention rate for ROM was higher in
those with late complications (47, IQR 75) compared to
those without any late complications (3, IQR 33),
P=0.028. With GEBT, we found no difference between
the groups. However, doing subgroup analysis, we found
significantly slower gastric emptying with GEBT for
patients having polyneuropathy (P=0.014) and diabetic
wounds (P=0.004). With ROM, only the subgroup with
retinopathy (P=0.014) had a significant difference in gas-
tric emptying. All results are presented in Table 4. There
were no associations between late complications and gen-
der or diabetes type.

Age and diabetes duration

Patients with TIDM had a mean age of 42 (SD 11) and
a median disease duration of 25 (IQR 13) years, while
those with T2DM had a mean age of 60 (SD 6) and
a median disease duration of 14 (IQR 13) years. There
were no differences between the two genders in age or
disease duration. Looking at gastric emptying, we found

Variables ROM GEBT
HbAlc (negative GE test), mmol/mol 72 (16) 72 (22)
HbAlc (positive GE test), mmol/mol 83 (26) 77 (25)
Difference between groups S (P=0.04) NS (P=0.08)
Association gastric retention vs HbAlc (r) NS (P=0.21) 0.41 (P=0.008)

Note: Data are given as median and interquartile range unless otherwise indicated.

Abbreviations: ROM, [gastric emptying of] radiopaque markers; GEBT, '*Carbon-labelled gastric emptying breath test of solids; S, significant; NS, non-significant; GE,

gastric emptying.
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Table 3 Symptom scores by test results

Variables Neg. GE ROM P-value Neg. GE GEBT P-value
Pos. GE Pos. GE
1) Nausea/vomiting 3.00 (2) 2.00 (2) 0.44 2.84 (3) 2.17 (2) 0.63
2) Fullness/early satiety 375 (2) 2.50 (1) 0.07 3.50 (2) 2.75 (2) 0.42
3) Bloating 400 (3) 3.50 (2) 0.34 325 (2) 375 (2) 0.28
4) Upper abdominal pain 3.00 (4) 3.00 (2) 0.93 3.00 (4) 3.50 (2) 0.29
5) Lower abdominal pain 3.00 (2) 3.00 (3) 0.46 3.00 (2) 3.00 (3) 0.42
6) Heartburn/regurgitation 1.86 (3) 2.08 (2) 0.84 1.86 (3) 1.86 (2) 0.94
GCSI (mean, SD) 3.19 (0.97) 2.76 (0.68) 0.12 2.89 (0.84) 291 (0.83) 0.92
PAGI-SYM (mean, SD) 2.89 (1.03) 2.64 (0.60) 0.32 2.65 (0.84) 2.70 (0.82) 0.86

Note: Data are given as median and interquartile range unless otherwise indicated.

Abbreviations: ROM, [gastric emptying of] radiopaque markers; GEBT, "3Carbon-labelled gastric emptying breath test of solids; Neg. GE, negative gastric emptying test;
Pos. GE, positive gastric emptying test; GCSI, Gastroparesis Cardinal Symptom Index; PAGI-SYM, Patient Assessment of Upper Gastrointestinal Symptom Severity Index.

Table 4 Late complications of diabetes mellitus by test results

Late complication ROM (total retention, %) GEBT (T !2, min.)
- + P-value - + P-value

Retinopathy 1.5 (31) 59 (77) 0014 154 (40) 150 (53) 0.49
Nephropathy 22 (51) 59 (63) 0.062 150 (40) 152.5 (66) 0.70
Polyneuropathy 31 (60) 40.5 (69) 0.09 135 (42) 157.5 (51) 0.014
Diabetic wounds 315 (67) 56 (79) 0.29 137 (48) 165 (38) 0.004
Coronary heart disease 34 (77) 53 (68) 0.69 150 (47) 158 (67) 0.25

Any late complications (1) 3(33) 47 (75) 0.028 133 (25) 152 (51) 0.29

Note: Data are given as median and interquartile range unless otherwise indicated.

Abbreviations: T '3, half-time; (-), patients without the specified complication; (+), patients with the specified complication.

no significant correlations with age or diabetes duration
and no difference between those with normal and delayed
gastric emptying.

Discussion
When comparing ROM with GEBT, we found a sensitivity
of 0.52 and specificity of 0.74, values lying below the
desired performance of a good diagnostic test.
Consequently, a high percentage of ROM tests (44%)
were false negative, while 29% of tests were false positive.
Furthermore, a positive likelihood ratio of 1.98, means that
a positive ROM test only gives a slight increase (<15%) in
the probability of the patient actually having gastroparesis.
Sorting the cases by gender, results look different. In
women, a specificity of 0.92 and PPV of 0.88 almost
mirrors the findings by Olausson and colleagues.?! In
men, results are the opposite, with a higher sensitivity
(0.63), but far lower specificity (0.43). Comparing gastric
emptying in the two genders, we found no significant
differences, contradicting previous studies showing slower

emptying in women; however, our study was not designed

to investigate this.’**® Overall our findings may indicate
that the definition of delayed gastric emptying for men as
an average ROM retention of >26% is set to low, thereby
explaining the far higher share of false positives in men
(44%) than in women (12%).

Another possible explanation for the poor concordance
between ROM and GEBT in our study might be the
different physiological mechanisms by which the two
tests measure gastric emptying. While GEBT measures
emptying of a digestible solid, the indigestible ROM do
not empty until the interdigestive phase, when the stomach
is swept clean by the Phase III contraction of the migrating
motor complex.'®?*?! If we compare our findings with
results from studies examining another indigestible solid,
the wireless motility capsule (SmartPill, Medtronic,
Minneapolis, USA), we found a lower sensitivity (0.52
versus 0.87) and specificity (0.74 vs 0.92)."> Thus, differ-
ences in physiologic mechanisms may not give a full
explanation.

The ROM method itself may as well introduce some
unwanted challenges. The test is dependent on each
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radiographer to produce pictures of sufficient quality. Our
experience was that image quality sometimes was below the
desired levels. This may have several explanations, such as
different radiographers performing the task from time to
time and reduced X-ray penetration in overweight or obese
individuals. However, even in pictures of good quality, other
factors complicate the interpretation: Patients with gastro-
paresis often have aberrant gastrointestinal anatomy on radi-
ologic examinations, such as elongated J-shaped stomachs.
Pictures could also be hard to interpret when the markers
were located in front of the spine, having approximately the
same X-ray opacity as the ROM (Figure 5). The ROM also
proved difficult to separate when they were superimposed or
lying close to each other, although this happened most fre-
quently when they were still in the stomach. Some of these
challenges could have been eased by undertaking fluoro-
scopic imaging with contrast material in advance, to deline-
ate the anatomy of the stomach. However, this would have
exposed the patient for extra radiation. To examine the
influence of these external factors on ROM analysis, all
radiographs were interpreted by two separate examiners,
both blinded from conclusions made by the other. Given
all the potential obstacles previously listed, inter-rater relia-
bility was surprisingly high, producing a significant, strong
correlation, 7=0.97, P<0.0001.

As a secondary target, we aimed to explore if gastric
emptying measured by the two tests were associated with
clinical outcomes. First, we found no correlation between
ROM retention rates and HbAlc. In contrast, GEBT

produced a moderate correlation with

significant,

Figure 5 Abdominal radiograph taken after four hours in a patient undergoing
ROM testing. As indicated by the red arrow, ROM can be hard to distinguish from
the underlying spine, as they have almost identical X-ray opacity.
Abbreviation: ROM, [gastric emptying of] radiopaque markers.

HbAlc (=0.41, P=0.008). None of the tests provided
significant associations with gastroparesis symptoms
evaluated by PAGI-SYM and its subsets. These findings
are in line with several studies finding no association
between delayed gastric emptying and symptoms of gas-
troparesis, although a recent meta-analysis partly contra-
dicts this view.®®?” Female patients presented a much
higher GI symptom burden than males, supporting pre-
vious observations.*?®

We found that 80% of the patients had one or more late
complications of their diabetes. Overall, patients with one
or more late complications had higher gastric retention of
ROM, whereas this difference was not found with GEBT.
However, subgroups with polyneuropathy and diabetic
wounds had significantly delayed gastric emptying with
GEBT compared to those without these complications.
Neither age nor diabetes duration was associated with
gastric emptying.

Our study has some weaknesses. As mentioned, scinti-
graphy is considered gold standard for assessing gastric
emptying, whereas we compared ROM with GEBT.
However, GEBT has in several studies proved excellent
diagnostic reliability in comparison to scintigraphy, both in
healthy volunteers and in patients with diabetes.'*'® The
two tests were not performed simultaneously, but one day
after another. Previous studies have shown that GEBTs are
highly reproducible with a low intra-individual variation
between tests (a coefficient of variation <15%)."
Furthermore, the total number of included patients in our
study was relatively small, making us susceptible to spur-
ious statistical outcomes. Test meals also differed slightly
in composition of nutrients and total caloric content (400
kcal for ROM; 300 kcal for GEBT). Meals with higher
caloric content are expected to empty more slowly from
the stomach.?® In contrast, we identified a higher percen-
tage with delayed gastric emptying with GEBT than ROM.
If the caloric content of the meals were identical, one
would expect finding an even larger difference between
the tests.

The main strength of the study was that all patients
were on intravenous glucose-insulin infusion during test-
ing. Thereby we minimized the glucose level’s effect on
gastric emptying, as well as avoiding iatrogenic hypogly-
cemia. Another strength was our use of two independent
examiners analyzing ROM tests, determining the method’s
inter-rater reliability, and further strengthening our confi-
dence in the ROM interpretation.
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Conclusion

In being both easily affordable and highly available, ROM
possess two of the main attributes of a good diagnostic
method for determining gastric emptying. However, the
overall results of this study indicate that the ROM test has
a low diagnostic reliability compared to GEBT, although
the test performs much better in women than in men. We
would therefore recommend additional studies validating
the test in diabetes patients, especially scrutinizing current
reference values for delayed gastric emptying.
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