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Abstract

Background Gastric food residue frequently is observed on

endoscopy despite fasting.

Aims To delineate factors promoting endoscopic food

retention in the stomach.

Methods Two series of analyses were performed. Magni-

tudes of retained food in 834 patients from an endoscopy

database were related to obstructive versus non-obstructive

etiologies and gastric emptying findings. Emptying delays

in 619 patients from a scintigraphy database were associ-

ated with endoscopic food retention, gastroparesis etiolo-

gies, and medications that modify gastric transit.

Results On endoscopy, 310 (37 %) had large, 338 (41 %)

showed medium, and 103 (12 %) exhibited small amounts

of retained food in the stomach. Of 433 patients with

definable etiologies of food retention, 106 (24 %) had

obstructive causes. One hundred three of 327 (31 %) with

non-obstructive conditions underwent scintigraphy show-

ing mean 52 ± 29 % 4-h retention. From the scintigraphy

database, 164/619 patients (26 %) with delayed emptying

exhibited food retention on endoscopy. Four-hour scinti-

graphic retention was greater with versus without retained

food (41 ± 25 vs. 32 ± 22 %, P\ 0.001). Retained food

occurred more frequently with postsurgical (28/69, 41 %)

versus diabetic (33/139, 24 %) and idiopathic (65/294,

22 %) gastroparesis (P = 0.006). Opiate use was more

prevalent with increasing food retention (P = 0.02), while

other medications that delay or accelerate emptying did not

relate to retained food.

Conclusions Gastric food retention has obstructive and

non-obstructive causes, and is found in one-quarter of

gastroparesis, especially postsurgical cases. Gastric emp-

tying delays correlate with amounts of retained food on

endoscopy. Retention is influenced by opiates, but not

other medications. These analyses delineate pathogenic

factors promoting gastric food retention.

Keywords Endoscopy � Gastric emptying � Diabetes
mellitus � Gastrointestinal obstruction

Introduction

Undigested food residue often is observed in the stomach

during diagnostic upper endoscopy; however, little inves-

tigation has focused on its development. Gastric food

retention has been mentioned in review articles; however,

it was not discussed in a recently published societal

guideline on the role of endoscopy in patients with gas-

troduodenal obstruction and upper-gut dysmotility syn-

dromes [1, 2]. Other publications concentrating on

endoscopic findings in gastroparesis describe mucosal

injury patterns in the esophagus, stomach, and duodenum,

but do not mention retained food [3, 4]. One investigation

was devoted to retained food material in those with prior

gastric surgery, noting a prevalence of 19 % in these

patients compared to 0.3 % in a control population [5]. A

subset of patients with food retention exhibit phytobezoars,

organized masses of predominantly vegetable residue;

however, this finding is rare in most large series [6]. Most

phytobezoars have been reported in older studies in asso-

ciation with surgery for peptic ulcer disease, usually with
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performance of vagotomy [7–12]. Other less common

causes of bezoars include diabetes and neuromuscular

diseases such as myotonic dystrophy [6, 13–15].

Factors involved in the pathogenesis of gastric food

retention have not been delineated. As many cases occur

after gastric surgery with vagotomy suggests an important

role for delayed gastric emptying, but attempts to attribute

bezoar formation to impaired motor function have yielded

conflicting results. Older studies reported normal gastric

emptying in postsurgical patients with versus without

bezoars, using non-standardized scintigraphic and non-

scintigraphic methods (e.g., acetaminophen absorption) [7,

16]. However, others noted delayed emptying in postsur-

gical and non-operated patients with bezoars using fluo-

roscopic and other techniques [9, 11]. Nevertheless, some

clinicians consider gastric food retention equivalent to

delayed gastric emptying as evidenced by recent reports

diagnosing acute gastroparesis based on endoscopic

observations of food residue in the stomach days to weeks

after cardiac ablation for atrial fibrillation [17, 18]. A

standardized method to quantify solid-phase gastric emp-

tying was proposed in 2000 and was advocated by the

Neurogastroenterology and Motility Society and Society of

Nuclear Medicine in 2008 [19, 20]. Relations of gastric

food retention to consensus-adopted measures of gastric

emptying have not been investigated, and assessments of

medical and surgical disorders and medications contribut-

ing to its development have not been performed.

The main objective of this retrospective investigation

was to correlate the prevalence and degree of food

retention on upper endoscopy with underlying diseases,

gastric emptying rates, and medication use patterns.

Separate databases were accessed to address this aim from

two different perspectives. Information gleaned from an

endoscopy database included amounts of food residue

retained in the stomach as well as the presence of any

gastroduodenal obstruction responsible for impaired gas-

tric evacuation. Endoscopy findings were related to other

parameters from the electronic medical records to corre-

late food retention with degrees of gastric emptying delay

using standardized scintigraphic methods [19]. A nuclear

medicine database was accessed to identify patients with

delayed gastric emptying who also had undergone endo-

scopy. The presence and degree of emptying delay was

associated with endoscopic findings, etiologies of gas-

troparesis, and use of medications that slow and accelerate

gut transit. These analyses were designed to (1) charac-

terize the potential diagnostic importance of retained food

as a measure of delayed gastric emptying and (2) form a

foundation for studies on the pathogenesis of gastric

food retention and on management approaches to this

condition.

Methods

Patient Populations

Information relating to patients undergoing testing from

January 1, 2007, through September 1, 2012, from two

clinical databases was accessed. Seven hundred fifty-one

patients were retrospectively identified as having retained

food residue in the stomach from a search of the Provation

endoscopy database in the Medical Procedures Unit using

the key words upper GI endoscopy, food retention, and

gastroparesis. Food retention was quantified by the endo-

scopist by the menu options small, medium, and large.

When no qualifier was selected, food retention was clas-

sified as undefined for these analyses. Six hundred nineteen

patients were retrospectively identified as having delayed

gastric emptying defined as[10 % retention of a 99mTc-

sulfur colloid-labeled low-fat egg substitute meal from a

search of the Nuclear Medicine database of procedures

performed at this institution [19]. Two- and 4-h retention

values were acquired and gastric emptying delays were

defined as mild (10–20 % 4-h retention), moderate

(21–35 % 4-h retention), and severe ([35 % 4-h retention)

[21]. All patients from the Nuclear Medicine database had

undergone endoscopy within 6 months of scintigraphic

testing.

This investigation was approved by the University of

Michigan Health System Institutional Review Board,

which granted a waiver of informed consent to access the

relevant databases.

Data Acquisition and Comparisons

Findings from the two databases were included in several

analyses to define the relation of gastric food retention to a

range of clinical factors. Additional clinical data were

acquired by searching the CareWeb and MiChart electronic

medical record systems. Patients from the endoscopy

database were stratified into those without or with luminal

obstruction based on review of endoscopic, radiographic,

or surgical reports. The relation of mechanical obstruction

to amounts of gastric food retention was defined.

Obstructions were further characterized as gastric, duode-

nal, more distal small intestinal, or undefined. Percentages

of patients from the endoscopy database with retained food

who also showed scintigraphic delays in gastric emptying

were calculated. Mean 2- and 4-h gastric retention values

and percentages of patients with mild, moderate, and sev-

ere gastric emptying delays were determined. Some

scintigraphic studies performed on patients in the endo-

scopy database were performed at outside institutions; thus,

not all studies included 4-h retention values. These findings
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were complemented by characterizations of amounts of

retained food among patients from the scintigraphy data-

base of patients with delayed emptying. The prevalence

and amounts of food retention also were related to the

presence of severe versus mild–moderate gastric emptying

delays. Mean 4-h scintigraphic retention values were

compared in those with large, medium, and small amounts

of retained food.

Endoscopic food retention was related to other factors.

Demographic factors including sex and age at the time of

endoscopic or scintigraphic testing were related to the

presence or absence of endoscopic food retention among

patients from the scintigraphy database. Etiologies of gas-

tric emptying delays in patients from the Nuclear Medicine

database were defined by the referring provider as diabetic,

idiopathic, postsurgical, or undefined. Operations consid-

ered responsible for postsurgical gastric emptying delays

included fundoplication, bariatric, esophagectomy, distal

gastric resection, vagotomy, and undefined. Medications

that delay gastric emptying including opiates, calcium

channel antagonists (nifedipine, diltiazem, verapamil,

amlodipine), anticholinergics (hyoscyamine, dicyclomine,

scopolamine, oxybutynin, solifenacin), restless legs syn-

drome treatments (ropinirole, pramipexole), and tricyclic

agents (amitriptyline, nortriptyline, desipramine, imipra-

mine) were determined for each patient. Furthermore,

durations of opiate use were stratified into 1–12 and

[12 months before endoscopy from examination of out-

patient notes to attempt to characterize chronicity of nar-

cotic use prior to documenting retained food on endoscopy.

Similarly, medications that accelerate gastric emptying

(metoclopramide, erythromycin, domperidone, pyloric

botulinum toxin injection within the past 6 months) were

also ascertained.

Statistical Analyses

Data are expressed as mean ± SD or as number (N) with

percentage (%). Chi-squared testing was employed to

determine relations of gastric food retention to other

parameters (severe versus mild–moderate gastric emptying

delays, female sex, opiate use, use of other medications

that delay gastric emptying, use of medications that

accelerate gastric emptying, gastroparesis etiology), to

compare relations of amounts of endoscopic retained food

with other parameters (luminal obstruction, severe scinti-

graphic gastric emptying delays, female sex, use of other

medications that delay gastric emptying, use of medica-

tions that accelerate gastric emptying, gastroparesis etiol-

ogy). Two-tailed Student’s t testing was performed to

compare endoscopic food retention across 4-h scintigraphic

gastric retention rates and patient age. Single-factor anal-

ysis of variance (ANOVA) was employed to relate amounts

of food retention to 4-h gastric retention values and patient

age. Multivariate logistic regression was performed to

define the relations of predictive variables (female sex,

patient age [50 years, severe gastric emptying delays,

postsurgical gastroparesis etiology, opiate use, use of other

delaying medications, use of accelerating medications) to

endoscopic retention of food residue. Statistical signifi-

cance was defined by P values of\0.05.

Results

Prevalence of Gastric Food Retention and Relation

to Mechanical Obstruction

The prevalence of varying degrees of gastric food retention

from the endoscopy database was quantified in the group

overall and in relation to the presence of mechanical

obstruction. Amounts retained were reported as large in

310 (37 %), medium in 338 (41 %), small in 103 (14 %),

and undefined in 83 (10 %) of 751 patients (Fig. 1).

Medical record documentation was adequate to confirm the

presence or absence of mechanical obstruction in 433

patients. Of these, 106 (24 %) had a luminal obstruction

including 66 with gastric outlet obstruction, 24 with duo-

denal obstruction, 4 with distal small bowel obstruction,

and 12 with an undefined site of obstruction. Patients with

underlying obstructive causes were more likely to exhibit

large amounts of retained food residue versus those with

non-obstructive conditions (Table 1) (P\ 0.001).

Relation of Gastric Food Retention to Gastric

Emptying

The relation between gastric food retention and gastric

emptying was assessed in the two databases. One hundred

three of 327 (31 %) with non-obstructive conditions from

the endoscopy database underwent gastric scintigraphy, with

4-h retention measured in 43 patients. Seventy-six of these

103 patients (74 %) exhibited gastric emptying delays with

mean 2-h retention of 79 ± 20 % and mean 4-h retention of

52 ± 29 %. Emptying impairments were severe ([35 % 4-h

retention) in 26 (60 %), moderate (21-35 % 4-h retention) in

8 (19 %), and mild (10–20 % 4-h retention) in 9 (21 %) of

43 patients with 4-h measurements.

One hundred sixty-four of the 619 patients (26 %) in the

scintigraphy database with delayed gastric emptying

exhibited gastric retention of food residue on endoscopy.

Of these, amounts retained were large in 53 (9 % of total,

32 % with retention), medium in 66 (11 % of total, 40 %

with retention), small in 38 (6 % of total, 23 % with

retention), and undefined in 7 (1 % of total. 4 % with

retention) patients (Fig. 2). Prevalence of gastric food
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retention was higher among 233 patients with severe

emptying delays ([35 % 4-h retention) versus those with

mild to moderate delays (P\ 0.001) (Table 2). When

comparing amounts of food retention against 4-h scinti-

graphic retention rates, there were trends to greater rates of

large versus medium or small amounts retained among

those with [35 versus B35 % 4-h retention (P = 0.06).

Mean 4-h gastric retention showed positive relation to

retained food on endoscopy being 41 ± 25 % among all

food retainers versus 32 ± 22 % without food retention

(P\ 0.001) (Fig. 3). However, 4-h retention values were

similar for large (46 ± 26 %) versus medium (38 ± 23 %)

versus small (40 ± 25 %) amounts of food retention

(P = 0.19).

Relation of Gastric Food Retention to Other Factors

Demography

Gastric food retention was related to patient sex and age

using data from the scintigraphy database. Among all

patients, 72 % were women. Percentages who were female

were similar in those with versus without endoscopic food

retention (P = 0.46) (Table 3). Likewise, female sex dis-

tribution was not different in those with large, medium, and

small amounts of food retention (P = 0.41). Patient age

was nearly identical among those with versus without

retained gastric food (P = 1.00). Similarly, age did not

vary between those with large, medium, or small amounts

of food retention (P = 0.45).

Etiologies

Retained food on endoscopy was related to gastroparesis

etiologies using data from the scintigraphy database. One

hundred thirty-nine (22 %) had underlying diabetes felt to

be pathogenic of emptying delays, while 294 (47 %) had

idiopathic disease, and 69 (11 %) had undergone prior

gastroesophageal surgery believed to represent the cause of

gastroparesis. Operations leading to gastroparesis included

Fig. 1 These endoscopic photographs show gastric food residue rated by the endoscopist as large (left), medium (middle), and small (right) in

amounts

Table 1 Prevalence of large

food retention in relation to

obstructive versus non-

obstructive etiologies

Amount of food retention Obstructive causes N (%) Non-obstructive causes N (%) P value

Small 4/106 (4) 45/327 (14) \0.001

Medium 34/106 (32) 127/327 (39)

Large 63/106 (59) 129/327 (39)

Undefined 5/106 (5) 26/327 (8)

Fig. 2 This pie diagram shows percentages of patients with delayed

gastric emptying and gastric food retention on upper endoscopy. Out

of 619 patients with prolonged gastric emptying, 164 (26 %) had food

retention on EGD (large 53 [9 %], medium [11 %], small 38 [6 %],

undefined 7 [1 %])
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fundoplication for gastroesophageal reflux in 27, distal

gastric resection in 15, bariatric surgery in 12, esophagec-

tomy in 12, vagotomy with pyloromyotomy in 1, and

undefined in 2 patients. Food retention was observed more

often with postsurgical versus diabetic and idiopathic gas-

troparesis (P = 0.006) (Table 4). However, percentages of

patients with medium or large versus small amounts of

retained food were similar for diabetic, idiopathic, and

postsurgical cases (P = 0.28).

Medication Use Profiles

Endoscopic food retention was related to use of opiates and

other medications known to delay gastric emptying. Opiate

use was reported by 204/619 patients (33 %) in the

scintigraphy database. Opiate use [12 months in duration

was noted for 75/204 patients (37 %) and 1–12 months for

72/204 patients (35 %). Durations of opiate intake could not

be defined for 57/204 patients (28 %). Patients with retained

gastric food more often used opiates than those without food

retention (P = 0.04), with progressive increases in rates of

opiate use from small to medium to large amounts of

retained food (P = 0.03) (Table 5a). In contrast, use of

other medications that delay gastric emptying (calcium

channel antagonists, anticholinergics, restless legs treat-

ments, tricyclics) was similar in those with versus without

food retention (P = 0.92). In fact, use of other delaying

agents was lower with retention of large versus medium or

small amounts of food residue (P = 0.03).

Food retention on endoscopy also was related to use of

medications that stimulate gastric emptying from the

scintigraphy database. Overall, 170/619 (27 %) of patients

used prokinetic agents. Rates were similar among patients

with versus without retained food (P = 0.92) (Table 5b).

Likewise, there were no differences in stimulatory

Table 2 Prevalence of food retention in relation to gastric emptying

Amounts of food retention Severe emptying delays

([35 % 4-h retention) N (%)

Mild–moderate emptying delays

(10–35 % 4-h retention) N (%)

P value

None 152/233 (65) 303/386 (78) \0.001

Any amount of retained food 81/233 (35) 83/386 (22)

Of those with food retention

Small 14/38 (37) 24/38 (63) 0.06

Medium 29/66 (43) 37/66 (57)

Large 32/53 (60) 21/53 (40)

Undefined 6/7 (83) 1/7 (17)

Fig. 3 This graph plots 4-h gastric retention rates on scintigraphic

assessments of gastric emptying in relation to retained food on

endoscopy. Mean 4-h retention rates were higher with gastric food

retention compared to those without visible food residue (P\ 0.001).

However, 4-h gastric retention values were similar in those with large,

medium, and small amounts of retained food (P = 0.19)

Table 3 Demographic

characteristics of patients with

versus without food retention

Amounts of food retention Female Age

N (%) P value Years P value

None 332/455 (73) 0.46 49 ± 16 1.00

Any amount of retained food 114/164 (70) 49 ± 17

Of those with food retention

Small 28/38 (74) 0.41 48 ± 19 0.45

Medium 42/66 (64) 48 ± 17

Large 39/53 (74) 52 ± 16

Undefined 5/7 (71) 55 ± 12
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medication use depending on retention of large versus

medium versus small amounts of food retention (P = 0.86).

When individual prokinetic drugs were examined, no dif-

ferences in use of metoclopramide (P = 0.78), ery-

thromycin (P = 1.00), domperidone (P = 0.10), or pyloric

botulinum toxin injection (P = 0.55) were noted in those

with versus without food retention.

Multivariate Logistic Regression to Define

Predictors of Endoscopic Food Retention

Multivariate analysis was performed to identify factors

predictive of gastric food retention on endoscopy (Table 6).

Factors shown to confer an increased risk of retained food

included severe gastric emptying delay ([35 % 4-h reten-

tion) (P = 0.001), postsurgical gastroparesis (P = 0.01),

and opiate use (P = 0.03), while female sex, age[50 years,

and use of other medications that delay or accelerate gastric

emptying did not relate to food retention (P = NS).

Discussion

These analyses represent the most comprehensive assess-

ment of factors responsible for gastric retention of food

residue detected on upper gastrointestinal endoscopy.

Complementary findings from large endoscopy and

scintigraphy databases defined roles for delayed gastric

emptying, mechanical obstruction, gastroparesis etiologies,

and medication use profiles in relation to retained food in

the stomach.

Findings from this study show a close association of

retained gastric food residue to delays in gastric emptying.

This relationship has not always been observed in the

Table 4 Prevalence of food

retention in relation to

gastroparesis etiology

Amounts of food retention Etiology P value

Diabetic N (%) Idiopathic N (%) Postsurgical N (%)

None 106/139 (76) 229/294 (78) 41/69 (59) 0.006

Any amount of retained food 33/139 (24) 65/294 (22) 28/69 (41)

Of those with food retention

Small 9/38 (24) 18/38 (47) 2/38 (5) 0.28

Medium 12/66 (18) 25/66 (38) 13/66 (20)

Large 11/53 (21) 19/53 (36) 11/53 (21)

Undefined 1/7 (14) 3/7 (43) 2/7 (29)

Table 5 Prevalence of food

retention in relation to

medication use

Amounts of food retention Opiates Other delaying medications

N (%) P value N (%) P value

(a) Relation to opiates and other medications that delay gastric emptying

None 139/455 (31) 0.04 167/455 (37) 0.92

Any amount of retained food 65/164 (40) 59/164 (36)

Of those with food retention

Small 12/38 (32) 0.15 19/38 (50) 0.03

Medium 25/66 (38) 24/66 (36)

Large 27/53 (51) 12/53 (23)

Undefined 1/7 (14) 4/7 (57)

Amounts of food retention N (%) P value

(b) Relation to medications that accelerate gastric emptying

None 124/455 (27) 0.92

Any amount of retained food 46/164 (28)

Of those with food retention

Small 10/38 (26) 0.86

Medium 20/66 (30)

Large 14/53 (26)

Undefined 2/7 (29)
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literature with some reports noting normal emptying in

patients with postsurgical etiologies [7, 16]. However, these

older studies had smaller sample sizes and used non-stan-

dardized methods to quantify emptying delays. Nearly

three-quarters of patients with retained food from the

endoscopic database in this study exhibited delays, which

were mostly characterized as severe ([35 % 4-h retention).

The finding of normal emptying in the other patients may be

secondary to several factors. The low-fat digestible meal

consumed during gastric scintigraphy likely is handled

differently than the indigestible meal components that make

up the retained food residue; thus, the emptying scan may

not be adequately sensitive in some cases. This is analogous

to the observed incomplete correlations observed with

gastric emptying delays measured by scintigraphy versus

indigestible wireless motility capsules [22]. Alternatively,

this may merely reflect the well-described inherent intra-

subject variability of emptying rates on serial measurements

or may be secondary to temporary discontinuation of opi-

ates prior to nuclear medicine testing [23]. Nevertheless,

this strong association suggests that gastric scintigraphy

may not be needed to document emptying impairments in

patients with non-obstructive causes of gastric food reten-

tion on endoscopy. This issue warrants consideration by a

panel of experts in future consensus documents on man-

agement of gastric emptying delays.

Conversely, only one-quarter of those with delayed

emptying had associated food retention on endoscopy.

Not surprisingly, prevalence of retained food was higher

among patients with severely delayed gastric emptying.

Furthermore, amounts of food retained trended higher

with severe emptying delays. These findings suggest that

most patients with gastroparesis are ultimately able to

clear their stomachs of meal residue. It is not known if

there was different dietary intake or if there were different

mechanisms of gastric dysfunction in those with and

without retained food. However, our observations are

consistent with the interpretation that the absence of

endoscopic food retention is not equivalent to normal

gastric emptying.

The sample size of this investigation also afforded the

capability to characterize different etiologies of endoscopic

food retention in the stomach. On the endoscopic database,

roughly one-quarter of patients were found to have a

malignant or benign obstructive cause of retained food. In

the majority of cases, the blockage was defined during

diagnostic endoscopy although a small number of cases

were a consequence of a downstream obstruction. Exami-

nation of the scintigraphy database permitted determination

of which gastroparesis etiologies showed the greatest

likelihood for gastric food retention. Rates were greatest in

patients with postsurgical gastroparesis. Most of these

individuals underwent either vagotomy or resection of the

distal stomach—the region responsible for trituration of

poorly digestible food components. From a pathophysio-

logic standpoint, this observation suggests the importance

of vagal integrity in preventing this operative complication.

Retained food was less prevalent with other causes, but was

seen in similar percentages of patients with gastroparesis of

diabetic versus idiopathic etiology. In other studies, dia-

betics with gastroparesis exhibit greater evidence of vagal

impairment than patients with idiopathic disease [24, 25].

Thus, the observation of similar rates in these two disease

etiologies suggests that food retention may not be vagally

mediated in non-surgical cases.

The last series of analyses provided important infor-

mation on the abilities of selected medications to induce

gastric food retention. It is protocol at our institution to

discontinue medications that delay or accelerate gastric

emptying for at least 72 h before scintigraphic measure-

ment when possible. Thus, the observation that opiate use

was associated with food retention suggests that most of

the residual material was chronic in nature, persisting

within the gastric lumen for prolonged periods of uncertain

duration. Additional analyses suggested that more than

one-third of patients had been on opiates for greater than

one year. It is likely this number is even higher as many

patients were referred from outside institutions for care just

prior to endoscopic and scintigraphic testing; we do not

have detailed records from these other hospitals regarding

medication use profiles. The mechanisms by which opiates

promote food retention are unknown, but may involve local

actions on the stomach and/or more central effects. Inter-

estingly, other medications that slow gastric transit did not

Table 6 Predictors of

endoscopic food retention
Factor Odds ratio 95 % confidence interval P value

Female sex 0.88 0.59–1.32 0.55

Age[50 years 0.83 0.57–1.21 0.33

Severe gastric emptying delay 1.93 1.33–2.79 0.001

Postsurgical etiology 2.00 1.17–3.39 0.01

Opiate use 1.52 1.04–2.23 0.03

Use of other medications that delay gastric emptying 0.96 0.65–1.41 0.83

Use of medications that accelerate gastric emptying 0.97 0.64–1.47 0.90
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promote food retention in the stomach even though many

could not be stopped prior to scintigraphic testing (e.g.,

calcium channel antagonists for hypertension, tricyclic

agents for depression or pain control). Less than one-third

of patients were given therapies to promote gastric evac-

uation despite documented emptying impairments. This

value is lower than reported for multicenter databases that

report prokinetic usage in 50–70 % of gastroparesis [26].

Furthermore, prokinetic use was similar in those with and

without gastric food retention. However, no systematic

assessment of symptoms was performed for this retro-

spective investigation; it is conceivable that patients in this

study had relatively modest symptom severity that did not

warrant treatment regardless of the presence of retained

food in the stomach.

The observations of this investigation should be distin-

guished from the existing literature on bezoars. Bezoars are

solid, organized masses of indigestible material and are

comprised of undigested food (phytobezoar), hair (tri-

chobezoar), medications (pharmacobezoars), or persim-

mons (diospyrobezoar). Phytobezoars most commonly

present as complications of gastric surgery [7–12]. In most

cases, the small, medium, and large amounts of retained

food reported in this study were poorly organized and did

not exhibit a mass-like consistency. Although a small

number of endoscopic photos showed appearances con-

sistent with bezoars, standard methods of disrupting

bezoars such as mechanical and laser techniques or

administering carbonated beverages or enzyme prepara-

tions were not employed for any patient in this report [7, 9,

10, 27, 28]. This suggests that bezoars requiring

endotherapy or surgery are considerably less common than

the less well-organized food collections characterized in

this study.

There were limitations to this investigation. Because of

its retrospective nature, concerns exist about non-stan-

dardized scintigraphic methods recorded on some patients

from the endoscopy database as well as incomplete data

collection including radiographic and operative findings (in

those with obstruction or postsurgical gastroparesis) and

medication use profiles. Furthermore, we chose not to

examine the much larger endoscopy database cohort

without retained food and the much larger scintigraphy

database cohort with normal gastric emptying. Thus,

important information on what fraction of those without

any gastric impairments who are on opiates or other agents

that influence motor function cannot be rigorously defined

from our analyses. Characterization of food retention relied

on qualitative assessments by a large group of endo-

scopists, who likely had varying definitions of what con-

stituted small, medium, and large quantities of luminal

food residue. It would have been desirable to subcategorize

diabetics on the basis of glycemic control; however,

hemoglobin A1c values drawn within around the time of

endoscopic or scintigraphic testing were available only in a

small minority of patients. Additionally, our center does

not routinely record glucose values prior to endoscopy or

scintigraphy; however, it is unlikely that acutely normal-

izing glycemia prior to testing would have significantly

impacted the finding of retained food in most patients. It is

probable that the food found in most patients particularly

with medium to large amounts retained had been present

for days to months and would not quickly empty upon

lowering blood sugar values. There may have been dif-

ferences in duration of fasting prior to gastric scintigraphy

(typically performed 8–12 h after the last meal) versus

endoscopy (some patients fast up to 20 or more hours

before testing). However, all patients avoid solid food

intake at least 8 h before endoscopy, so it is unlikely that

any cases of food retention resulted from test performance

too close to the time of the last meal. Finally, no consistent

assessment of symptoms or dietary intake was obtained

prior to evaluation. Thus, the clinical consequences of

gastric food retention and the potential for dietary man-

agement for these individuals cannot be definitively

determined.

Nevertheless, we believe our observations have clinical

relevance and form a foundation for further investigation.

The relation of endoscopy findings to scintigraphy results

in the two databases suggest that detection of gastric food

retention is specific, but not particularly sensitive for

defining delayed gastric emptying. Quantification and

characterization of symptoms in gastroparesis patients with

endoscopic food retention will determine whether this

finding is associated with a distinct clinical presentation

compared to individuals without retained food. It should be

noted that gastroparesis symptom severity correlates poorly

with scintigraphic emptying of the highly digestible egg

substitute meal performed at our institution [29]. Further-

more, evaluation of dietary interventions such as strict

consumption of low-residue meals will determine whether

this disease complication can be managed without medi-

cations. Large particle size diets recently have been shown

to be beneficial in improving gastric function and reducing

symptoms in diabetics with gastroparesis [30, 31]. Addi-

tional study may define the relative benefits of different

prokinetic agents in evacuating food residue from the

stomach.

In conclusion, we have shown that food retention in the

stomach may result from mechanical obstruction as well as

non-obstructive conditions. Retained food is detected on

endoscopy in approximately one-quarter of patients with

gastroparesis and is more often seen in individuals with a

postsurgical cause of delayed gastric emptying suggesting

the presence of selective motor dysfunctions between eti-

ologies that promote this complication. There is a relation
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of endoscopic food retention with scintigraphically mea-

sured gastric emptying delays. Opiate use is strongly

associated with retention of food residue in the stomach,

suggesting this class of drugs should be used sparingly in

these patients. Conversely, intake of other medication

classes that delay or accelerate gastric emptying has little

impact on this finding. These analyses represent the first

detailed discrimination of potential pathogenic factors that

promote gastric retention of food residue.
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