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Abstract

Introduction While delayed emptying is the defining

criterion for gastroparesis, prokinetics often only have a

limited impact on symptoms and have been associated with

potentially serious adverse effects. The goal of this study

was to determine how this information and regulatory

changes affected gastroparesis management.

Methods The electronic medical records of patients seen

between 2003 and 2012 in the outpatient clinic of a large

tertiary center were retrieved based on the billing diagnosis

of gastroparesis. Demographic, clinical, and survival data

were abstracted.

Results A total of 709 patients were identified, with

diabetes (21.2 %) and prior surgery (9.8 %) being the most

common identifiable causes. The majority of patients

(56 %) had idiopathic gastroparesis. The cohort was female

predominant (79.5 %) with an average age of 45.4 ±

0.6 years. At the index encounter, 61.8 % received proki-

netics. About one-third (37.7 %) used antiemetics at least

intermittently. Between 2003 and 2012, prokinetic use

dropped from 81 to 43 %, while the use of antiemetics

increased from 14 to 41 %. Similarly, there was a signifi-

cant increase in prescribed opioids and antidepressants.

During the period of the study, 44 patients (6.2 %) died.

Increasing age, a higher comorbidity burden, anxiety, and

medication use were associated with higher mortality risks.

Conclusion This large outpatient cohort suggests that

treatment trends move away from prokinetics and focus on

symptom-oriented therapy and/or confounding mood

disorders.

Keywords Prokinetics � Survival � Comorbidity � Opioids

Introduction

Dyspeptic symptoms are common, affecting 5–10 % of

adults living in the USA [1, 2]. Altered gastric emptying

can be found in up to one-third of the individuals with

chronic dyspeptic symptoms and is thought to contribute to

symptoms [3, 4], leading to the diagnosis of gastroparesis

in this subgroup of patients. Prokinetic agents thus play a

key role in the current management of gastroparesis [5].

However, recent studies show a poor correlation between

symptom severity and documented abnormalities in gastric

emptying [6]. Moreover, several clinical trials failed to

show superiority of prokinetics compared to placebo in

patients with gastroparesis [7–9]. Similarly, Janssen and

colleagues performed a meta-analysis of clinical trials in

patients with gastroparesis and concluded that symptomatic

improvement did not correlate with acceleration or nor-

malization of the delayed gastric emptying [10]. In the

USA, only metoclopramide and erythromycin are available

as approved medications with prokinetic effects on gastric

emptying. Common drug–drug interactions with possible

pro-arrhythmogenic properties and potentially irreversible

and devastating neurological side effects increasingly raise

concerns in patients and physicians about the use of these

agents. A recent study by Ehrenpreis et al. [11] showed a

decrease in metoclopramide prescriptions following the

introduction of a warning label by the Federal Drug

Administration (FDA). Thus, the question arises as to what

therapy do patients and physicians shift to.

As doubts about the relevance of the delay in gastric

emptying as the best biomarker and treatment target sur-

faced, several studies demonstrated the importance of
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affect, with depression correlating with symptom severity

or perhaps even playing a role as underlying mechanism

[12–16]. We thus hypothesized that pharmacotherapy of

gastroparesis changed in the last decade, shifting from a

focus on emptying to a symptom-oriented management or

treatment of coexisting affective spectrum disorders,

defined by listed diagnoses of anxiety or depression. The

primary goal of this study was to quantify the use of

prokinetics, antiemetics, and antidepressants in a large

outpatient sample of patients with gastroparesis. As sec-

ondary goal, we examined factors determining survival in

this cohort. Lastly, we have recently demonstrated a cor-

relation between nutritional support and poor outcomes

[17]. We therefore separately analyzed the use of enteral

nutrition and associated complications.

Methods

The study was designed as a retrospective analysis of

patients seen in the outpatient clinic of the University of

Pittsburgh Medical Center and had been approved by the

institutional review board (PRO13030075). Patients seen at

the Digestive Disorders Center between January 2003 and

December 2012 were identified based on the billing code

for gastroparesis. The electronic medical record was

reviewed to abstract demographic information (age and

sex), body mass index (BMI; only consistently available

for index visits from May 2008 onward) data establishing

the diagnosis and likely underlying etiology, comorbidities

as listed in the medical record, current drug treatment at the

time of the index visit, and survival status. Gastroparesis

was operationally defined as established when confirmed

by a gastric emptying test or wireless motility capsule test.

As testing paradigms changed over time and evaluations

were performed at different sites, the determination of an

abnormal test result was based on the final assessment of

the radiologist analyzing the study. If the diagnosis was

based on the documented gastric retention of food after a

prolonged fast, the diagnosis was considered to be probable

gastroparesis [18]. Recorded comorbidities were used to

calculate the Charlson Comorbidity Index [19]. A simple

measure of health was extracted based on responses to a

scale routinely used since 2008 to rate the overall quality of

life using verbal descriptors excellent, very good, good,

fair, or poor [20]. Considering the potential role of anxiety

and depression in the development or subjective severity of

gastroparesis, we separately noted their presence based on

comorbidities listed in the electronic medical record. We

extracted information about common functional disorders

and chronic pain syndromes (fibromyalgia, irritable bowel

syndrome, migraines, chronic back pain). We systemati-

cally determined the use of prokinetics (metoclopramide,

erythromycin, domperidone, tegaserod, bethanechol). None

of the patients received cisapride, which had been with-

drawn from the market in the USA prior to the study

period and is only available through special programs. In

addition, we recorded the use of antiemetics (phenothia-

zine, ondansetron, granisetron, meclizine, scopolamine,

dronabinol, aprepitant), antidepressants, benzodiazepines,

and opioids. The drug treatment focused on active rather

than prior therapies listed for the day of the index visit. If

the index visit constituted a follow-up encounter, we

abstracted age, BMI, and medication use for the time of

this visit, but retrieved the initial encounter to obtain data

on comorbid conditions and possible etiology of the

gastroparesis. Patients receiving nutritional support with

enteral or parenteral nutrition were separately assessed to

determine the duration of therapy and potential

complications.

In order to relate survival in the patient cohort to a

reference population, we obtained crude death rates for

Allegheny County in Pennsylvania, where the University

of Pittsburgh is located. This information is publically

available through the portal of the Department of Health

(http://www.portal.state.pa.us). The data were normalized

based on census records for the county.

Statistics

Descriptive information is presented as absolute frequen-

cies and percentages for categorical variables, and as

mean ± SEM for continuous data. Baseline characteristics

for patients were compared between various subgroups

with gastroparesis. We then compared dichotomous data

using chi-square test statistic and analysis of variance for

continuous variables with Sidak’s corrections for multiple

comparisons. The Cochran–Armitage trend test was

employed to assess temporal trends in the usage of opioids,

antidepressants, prokinetics, and antiemetics. A value of

Z [ 0 denoted an increasing trend, while Z \ 0 denoted a

declining trend. The trend was considered significant when

P was \0.05. The Kaplan–Meier method was used to

estimate survival in patients across different categories.

Differences between survival curves were analyzed by the

log-rank test. Cox proportional hazards modeling was used

to determine potential predictors of death. Initially, we

performed a univariate Cox regression analysis using

variables from baseline characteristics. Covariates with

P values 0.2 or less on univariate testing were included in

the multivariable Cox regression models based on an a

priori decision rule. A Wald test-derived P value was

reported for the overall variable. A P \ 0.05 was consid-

ered significant. All results are reported by on two-tailed

testing. Statistical analyses were performed with Stata

version 12 (StataCorp, College Station, TX).
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Results

During the decade examined, a total of 1,031 individuals

were seen at least once in the Digestive Disorders Center

for dyspeptic symptoms with a billing code for gastropa-

resis. Out of this sample, 322 patients were excluded as

they had normal gastric emptying studies (n = 100), did

not meet the inclusion criteria for definite or probable

gastroparesis due to a lack of confirmatory tests (n = 89),

had chronic intestinal pseudo-obstruction (n = 25), cyclic

vomiting syndrome (n = 19), a subtotal gastrectomy or

gastric bypass surgery (n = 7), an eating disorder (n = 5),

documented gastric outlet obstruction (n = 4), or a variety

of other gastrointestinal disorders ranging from chronic

pancreatitis to Crohn’s disease (n = 73). In the remaining

709 patients, a delay in gastric emptying was confirmed by

an emptying study in 635 (89.4 %), endoscopic demon-

stration of retained food after at least 12 h of fasting

(n = 73; 10.6 %) and wireless motility capsule in the

remaining person. The index visit was the initial encounter

Table 1 Baseline characteristics, survival, and treatment of the patient cohort and subgroups defined by etiology

All

N (%)

Diabetic

N (%)

Idiopathic

N (%)

Post-infectious

N (%)

Post-surgical

N (%)

P value

Cohort 709 (100) 150 (21.2) 397 (56.0) 42 (5.9) 70 (9.8)

Women 564 (79.5) 100 (66.7) 334 (84.1) 36 (85.7) 50 (71.4) \0.01

Age (years) 45.4 ± 0.6 47.5 ± 1.2 43.3 ± 0.8 37.3 ± 2.3 55.0 ± 1.7 \0.01

Probable gastroparesis 73 (10.3) 29 (19.3) 17 (4.3) 1 (2.4) 19 (27.1) \0.05

Mean BMI (n = 464) 26.8 ± 0.4 28.8 ± 0.8 26.8 ± 0.5 26.8 ± 1.8 24.9 ± 0.8 \0.05

BMI \ 20 (n = 68) 68 (14.7) 11 (11.9) 38 (14.1) 6 (23.1) 8 (20.5) 0.2

BMI C 30 (n = 129) 129 (27.8) 35 (38.4) 74 (27.4) 6 (23.1) 8 (20.5)

Survival status

Death 44 (6.2) 24 (16.0) 7 (1.8) 1 (2.4) 10 (14.3) \0.01

Comorbidity

Charlson Comorbidity Index 0.91 ± 0.05 2.5 ± 0.12 0.31 ± 0.04 0.33 ± 0.1 1.15 ± 0.16 \0.01

Anxiety/depression 244 (34.4) 58 (38.7) 143 (36.0) 11 (26.2) 21 (30.0) 0.14

Disorders associated with pain 270 (38.1) 43 (28.7) 174 (43.8) 9 (21.4) 26 (38.1) \0.03

IBS 139 (19.6) 22 (14.7) 88 (22.2) 3 (7.1) 15 (21.4) 0.08

Fibromyalgia 56 (7.9) 10 (6.7) 36 (9.1) 2 (4.8) 4 (5.7) 0.7

Back pain 75 (10.6) 15 (10.0) 40 (10.1) 0 11 (15.7) 0.04

Migraine 101 (14.3) 8 (5.3) 74 (18.6) 6 (14.3) 8 (11.4) \ 0.01

Therapy

Proton pump inhibitor 511 (72.1) 115 (76.7) 278 (70.03) 29 (69.1) 49 (70.0) 0.37

Prokinetics 438 (61.8) 102 (68.0) 239 (60.2) 25 (59.5) 40 (57.1) 0.45

Metoclopramide 294 (41.5) 78 (52.0) 151 (38.0) 18 (42.9) 31 (44.3) 0.03

Erythromycin 117 (16.5) 26 (17.3) 65 (16.4) 5 (11.9) 9 (12.9) 0.49

Domperidone 58 (8.2) 9 (6.0) 37 (9.3) 3 (7.1) 3 (4.3) 0.4

Tegaserod 33 (4.7) 4 (2.7) 21 (5.3) 4 (9.5) 2 (2.9) 0.3

Bethanechol 2 (0.3) 1 (0.7) 1 (0.3) 0 0 0.87

Antiemetics 267 (37.7) 61 (40.7) 151 (38.0) 19 (45.2) 22 (31.4) 0.31

Phenothiazines 144 (20.3) 34 (22.7) 83 (20.9) 13 (31.0) 8 (11.4) 0.06

Ondansetron 142 (20.0) 27 (18.0) 83 (21.0) 11 (26.2) 14 (20.0) 0.6

Granisetron 1 (0.1) 0 0 0 0 0.01

Meclizine 14 (2.0) 6 (4.0) 6 (1.5) 0 0 0.14

Scopolamine 37 (5.2) 10 (6.7) 21 (5.3) 5 (12.0) 1 (1.4) 0.06

Dronabinol 19 (2.7) 4 (2.7) 8 (2.0) 2 (4.8) 5 (7.1) 0.09

Aprepitant 2 (0.3) 0 1 (0.3) 0 1 (1.4) 0.41

Opioid prescriptions 149 (21.0) 45 (30.0) 68 (17.1) 5 (12.0) 17 (24.3) \0.05

Benzodiazepines 183 (25.8) 43 (28.7) 104 (26.2) 6 (14.3) 17 (24.3) 0.45

Antidepressants 330 (46.5) 91 (60.7) 178 (44.8) 13 (31.0) 28 (40.0) 0.01

BMI body mass index
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in 81.4 %. Patients were evaluated by 37 different staff

physicians with four providers accounting for 60.8 % of

encounters. In patients with underlying conditions or dis-

orders known to cause gastroparesis, confirmatory gastric

emptying studies were less likely obtained compared to

individuals with idiopathic or post-infectious syndromes

(Table 1).

Baseline Characteristics

The entire cohort was female predominant (79.5 %) with a

mean age around 45 years (Table 1). The Charlson

Comorbidity Index shows a low burden of serious coexis-

ting illnesses. However, about one-third (34.3 %) had

previously been diagnosed with an affective spectrum

disorder. Looking at other functional diseases (IBS, fibro-

myalgia and migraine), one-third of the cohort (n = 234;

33.0 %) reported at least one other illness with a prior

diagnosis of irritable bowel syndrome (19.6 %), migraines

(14.3 %), and/or fibromyalgia (7.9 %). Biometric data

were available for about two-third of the cohort (Table 1).

As shown in Fig. 1, 14.7 % had a BMI of less than 20,

while nearly twice as many patients were obese or mor-

bidly obese. In the majority of patients (56.0 %), no cause

for the development of gastroparesis could be identified.

Diabetes with secondary complications (21.2 %), prior

surgery (9.8 %), or a post-infectious form of gastroparesis

(5.9 %) were the most common etiologies of gastroparesis

(Table 1). The remaining patients had scleroderma or

related connective tissue disorders (n = 27), neurological

diseases (n = 12), Parkinson’s disease (n = 4), inherited

connective tissue disorders (n = 4), vascular abnormalities

(n = 2), or a prior episode of acute pancreatitis (n = 1).

When asked to rate their overall health, 257 of 448

(57.4 %) responding patients chose the descriptors fair or

poor. As shown in Fig. 2, there were no changes in overall

ratings during the time between 2008 and 2012.

Comparing the four major subgroups defined by etiol-

ogy, patients with post-surgical gastroparesis were older

(P \ 0.01), those with post-infectious disease younger

(P \ 0.01) than the other groups (Table 1). While all

subgroups showed a female predominance, there were

relatively more men in patients with diabetic and post-

surgical gastroparesis (P \ 0.01). As all diabetic patients

had secondary complications due to their disease, the

comorbidity index was significantly higher compared to the

rest of the group (P \ 0.01). While confounded by age,

post-infectious gastroparesis was associated with a lower,

post-surgical disease with a higher burden of comorbid

conditions (P \ 0.05). The prevalence of affective spec-

trum disorders was similar across groups. Patients with

idiopathic disease tended to have more functional syn-

dromes associated with pain (P \ 0.05).

Drug Treatment

While patients were routinely counseled on dietary man-

agement, instructions were neither standardized nor sys-

tematically recorded or captured. Focusing on

pharmacotherapy, acid suppression with proton pump

inhibitors was most commonly prescribed with 72.1 % of

the patients receiving such an agent. At the time of the

index visit, 438 patients (61.8 %) took at least one proki-

netic drug; metoclopramide was used by 41.5 % followed

by erythromycin (16.5 %), domperidone (8.2 %), and te-

gaserod (4.7 %), with the latter agent being only transiently

available due to its withdrawal from the market (Table 1).

Fig. 1 Distribution of body mass index (kg/m2) in patients with

gastroparesis Fig. 2 Changes in overall health-related quality of life. Patients were

asked to rate their health using verbal descriptors. The bar graph

depicts the normalized responses for cohorts seen between 2008 and

2012 (2008: n = 98; 2009: n = 85; 2010: n = 95; 2011: n = 82;

2012: n = 91)
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Two patients had documented tardive dyskinesia, which

had been attributed to the use of metoclopramide. One

patient with idiopathic gastroparesis (female, 33 years old)

had been treated in an outside institution for an unknown

duration 7 years prior to the incident encounter. The sec-

ond patient (female, 45 years old) suffered from diabetic

gastroparesis and developed symptoms 26 months after

intermittent treatment with metoclopramide with cumula-

tive daily dosages between 20 and 40 mg; she was also

started on aripiprazole during the same time period [21]. A

total of 267 patients (37.7 %) had listed at least one anti-

emetic as part of their medical therapy with phenothiazines

and/or ondansetron being taken by about one-fifth of the

cohort. Other antiemetics, such as scopolamine, meclizine,

dronabinol, aprepitant, or granisetron, were infrequently

used (Table 1). Nearly half (46.6 %) of the cohort took

antidepressants; about one quarter (25.8 %) used benzodi-

azepines and more than one-fifth (21.0 %) received pre-

scription opioids (Table 1). Opioid users were significantly

more likely to have one of the other diagnoses associated

with pain (63.1 vs. 36.9 %; P \ 0.01) or mood disorders

(65.6 vs. 34.4 %; P \ 0.01) compared to patients without

prescription opioids. Patients taking opioids also more fre-

quently received antidepressants (63.1 vs. 36.9 %; P \
0.01). Dividing the different subgroups based on etiology,

patients with diabetic gastroparesis were significantly more

likely to take opioids (P \ 0.01), antidepressants

(P \ 0.01), and metoclopramide (P \ 0.05; Table 1).

Nutritional Support

Nutritional support with enteral (n = 37; 5.2 %) or par-

enteral nutrition (n = 1) was relatively uncommon in this

outpatient cohort. As four patients were only seen once, we

focus our analysis on the remaining 33 individuals, all of

whom received enteral nutrition via feeding tubes and were

followed for at least 6 months (mean follow-up period:

5.6 ± 0.6 years). As was true for the entire cohort, patients

being treated with enteral nutrition were primarily women

(88 %) around 40 years of age (39.3 ± 2.4 years). Bio-

metric data prior to initiation of nutritional support were

available for 16 patients, who had a BMI of 22.7 ± 1.9.

The underlying etiology for gastroparesis were diabetes

with secondary complications in 10 patients (30 %), post-

surgical gastroparesis in 6 (18 %), and idiopathic in 15

(45 %), with the remaining 2 patients having neurological

illnesses with dysautonomia. Mood disorders had been

diagnosed in 64 %, which was significantly higher than in

the remaining cohort (33 %; P \ 0.01).

Definitive feeding tube placement was performed after

a trial with naso-duodenal feeding tubes in nine patients.

Most of these feeding tubes were inserted surgically,

either as direct jejunostomy (J) tubes (n = 17) or as

transgastric J-tubes (n = 8). In the remaining eight

patients, gastrostomy (G) tube placement with insertion

of a J-tube through the G-tube had been performed

endoscopically. Within the first 30 days after tube

placement, there were six readmissions (18 %) due to

tube-related complications (severe pain around the tube

site: n = 2; tube dysfunction: n = 2; infection: n = 1;

accidental tube removal: n = 1). A total of nine tube

revisions (27 %) in eight patients were needed within

this time period. Additional late complications developed

in nine patients within the first 12 months (infection

around the tube site: n = 4; gastric ulcer due to the

internal bumper: n = 2; severe pain at the tube site:

n = 2; tube-related jejunal perforation: n = 1). At

12 months after insertion, feeding tubes had been

removed in 15 patients (46 %) with one additional per-

son not relying on the tube any longer. A total of 14

persons with feeding tubes were followed for at least

24 months, with four patients having tubes removed

during this time period; complications requiring therapy

were recorded in two individuals (cellulitis around the

tube site). In three of eight patients, the tube was

removed during the third year, with three patients having

significant tube-related complications (cellulitis: n = 2;

need for surgical closure of an enlarging and continu-

ously draining gastric fistula: n = 1). Two patients were

switched to parenteral nutrition due to intolerance of

enteral feedings; both suffered at least one bloodstream

infection during the first year. At the end of the study,

29 of this subgroup were still alive with two patients still

using enteral nutrition and one person relying on par-

enteral nutrition, amounting to a discontinuation rate of

90 %.

Gastric Electrical Stimulation

Gastric electrical stimulation is not a part of the treatment

offered at the institution. Therefore, we could not system-

atically assess the impact of this intervention on patients

with gastroparesis. A total of seven patients had previously

undergone implantation of a stimulator and did not derive

any benefit; an additional four individuals subsequently

received stimulators in outside institutions (total 1.5 %),

with one being unchanged, one reporting improvement,

one dying within less than 12 months from cardiovascular

complications, and one dying from complications of sub-

sequent gastric surgeries, performed due to ongoing and

worsening symptoms attributed to refractory gastroparesis.

Treatment Time Trends

While the use of proton pump inhibitors varied between

years, there was no significant change during the study
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period (data not shown). In contrast, we saw changes in

prokinetic drugs, which remained relatively stable around

80 % until 2007, when it dropped and fell below 50 %

in 2011 (Fig. 3a). The Cochrane–Armitage trend test had

a P value of \0.01 for declining trend during the study

period. Tegaserod had been approved for clinical use as

a prokinetic for constipation in 2002. Off-label use for

gastroparesis started rapidly and reached 33.3 % in our

cohort, before the agent was removed from the market in

2007. The introduction of tegaserod correlated with a

decline in metoclopramide use, taken by more than half

of the cohort in 2003; this decline continued after

withdrawal of tegaserod and was down to 26.0 % in

2012 (Fig. 3b). The fraction of patients taking erythro-

mycin or domperidone varied over time but did not show

a clear trend (Fig. 3b). In contrast to prokinetics, the

prescription of antiemetics more than doubled during the

decade (Fig. 2a). This change is largely due to a sig-

nificant increase in ondansetron use (Fig. 3c), which

started after 2006, the year the FDA approved the first

generic version of the drug. In addition to these changes

in practice patterns, we observed a significant increase in

opioid and antidepressant use (Fig. 3a). The Cochrane–

Armitage trend test for use of antiemetics, antidepres-

sants, and opiods had a P value of \0.01 for increasing

trend during the study period. The relatively small

number of individuals receiving nutritional support did

not allow a meaningful analysis of time trends.

Survival

During the study period, 44 patients (6.2 %) died. Patient

survival separated by etiology of gastroparesis is presented

in Fig. 4. Compared to patients with idiopathic or post-

infectious gastroparesis, the diagnosis of diabetic and post-

surgical gastroparesis was associated with higher mortality

rates (Fig. 4). Crude annual mortality rates for Allegheny

County during the 10 year period of the study were

between 1.1 and 1.2 %. Thus, the diagnosis of idiopathic or

post-infectious gastroparesis did not adversely affect sur-

vival compared to the reference population. We next

identified potential predictors of mortality using univariate

analyses, which demonstrated effects of the underlying

etiology of gastroparesis, comorbid conditions, and treat-

ment (Table 2). Controlling for potential confounders,

mortality was independently associated with opioid use,

coexisting anxiety, and higher Charlson’s Comorbidity

Index. Conversely, PPI and benzodiazepine use correlated

with lower risk of death (Table 3).

Fig. 3 Time-dependent changes in medical therapy. The graph

depicts the percentage of patients receiving prokinetics, antiemetics,

opioids, or antidepressants at the time of their index visit (a). b and

c provide a more detailed display of prokinetic and antiemetic use,

respectively

Fig. 4 Kaplan–Meier survival curves for subgroups with gastropare-

sis demonstrating lower survival rates of patients with diabetic and

post-surgical gastroparesis
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Discussion

This large cohort study of outpatients with gastroparesis

has several important key messages. First, even though

patients were seen in a tertiary referral center and thus

likely represent a skewed population, the overall survival

rate did not differ from the observed survival of a reference

population. The observed deaths were largely due to

complications of comorbid conditions, which are rare in

patients with idiopathic gastroparesis, the predominant

group in this and other large patient samples [18, 22, 23].

Second, treatment often targeted the underlying delay in

gastric emptying. However, the use of prokinetics

decreased within the last decade with a corresponding shift

to symptom-oriented management. Third, opioid use was

common with about one-fifth of the cohort at least

intermittently receiving prescription opioids. Fourth, more

aggressive interventions, most notably the use of enteral

nutrition, were associated with high complication rates and

were ultimately discontinued in the majority of patients.

Data on mortality in gastroparesis vary considerably and

range from 2 to 38 % [22, 24–27]. Our findings are similar

to those reported by the only published epidemiological

study of patients with gastroparesis conducted in Olmsted

County [18]. The excess mortality reported by Jung and

coworkers was largely due to comorbid conditions seen in

individuals with underlying diabetes mellitus. Consistent

with these findings, patients with diabetic or post-surgical

gastroparesis had a significantly higher risk of death

compared to individuals with idiopathic or post-infectious

gastroparesis, which did not adversely affect survival.

These findings are important, as they should guide therapy

and raise the threshold for interventions associated with

morbidity or even mortality.

Medical treatment reflected common clinical practice

and resembled data from a recently published multicenter

trial with acid suppression, antiemetics, and prokinetics

playing important roles in the management of gastroparesis

[13]. Consistent with a report from Ehrenpreis [11], we

noted a shift away from prokinetics, most notably meto-

clopramide. The emerging picture is complex and likely

influenced by a variety of factors. The prescription of

metoclopramide transiently dropped with the introduction

of tegaserod, with apparent off-label use as less than 40 %

of the patients receiving this medication had been diag-

nosed with irritable bowel syndrome or constipation (data

not shown). After the FDA required a black box warning

Table 3 Multivariate proportional hazards model

Variable Adjusted

hazard

ratio

95 %

Confidence

interval

P value

Age 1.01 0.99–1.03 0.188

Irritable bowel syndrome 0.63 0.21–1.9 0.42

Proton pump inhibitor 0.47 0.25–0.9 0.02

Meclizine 3.8 1.04–14.04 0.04

Opioid 2.29 1.19–4.44 0.01

Benzodiazepine 0.33 0.14–0.78 0.01

Serotonin norepinehrine

reuptake inhibitor

1.6 0.66–3.87 0.3

Anxiety 2.29 1.1–4.78 0.03

Etiology 0.14

Diabetic Reference

Idiopathic 0.48 0.17–1.34

Post-infectious 0.56 0.07–4.6

Post-surgical 1.8 0.7–4.56

Charlsons Comorbidity Index 1.74 1.4–2.17 \0.01

Table 2 Univariate proportional hazards model

Variable Hazard ratio P value

Age 1.02 0.014

Depression 1.31 0.4

Anxiety 1.8 0.098

Back pain 1.44 0.40

Fibromyalgia 0.68 0.6

Irritable bowel syndrome 0.43 0.1

Migraine 0.64 0.4

Proton pump inhibitor 0.66 0.18

Metoclopramide 1.0 0.53

Domperidone 1.24 0.66

Erythromycin 1.06 0.88

Tegaserode 0.54 0.4

Prochlorperazine 0.44 0.42

Promethazine 0.89 0.8

Ondansetron 1.38 0.4

Meclizine 5.62 0.004

Scopolamine 1.6 9 10-15 1

Dronabinol 1.63 9 10-15 1

Opioid 2.85 0.001

Benzodiazepines 0.57 0.17

Selective serotonin

reuptake inhibitor

0.89 0.76

Serotonin norepinephrine

reuptake inhibitor

2.29 0.04

Tricyclic antidepressant 0.82 0.67

Mirtazapine 1.88 0.23

Charlson’s Comorbidity Index 1.92 \0.001

Etiology \0.05

Diabetic Reference group

Idiopathic 0.1

Post-infectious 0.13

Post-surgical 0.78
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for metoclopramide in 2009, the fraction of patients on this

agent dropped by more than 50 %. In contrast to Ehrenp-

reis, we did not see a shift to alternative prokinetic drugs

[11]. The study design does not allow clear conclusions

about the underlying reasons. However, the rapid rise of

tegaserod use after its introduction in the USA suggests

that the availability of presumably safe and potentially

effective agents affected treatment decisions. Interestingly,

there was, however, a parallel move toward symptom-ori-

ented therapy with a significant increase in antiemetic use,

largely driven by a steep rise in prescriptions for ondan-

setron, which had become available in a cheaper generic

version in 2007. Despite these significant shifts in therapy,

simple measures of health-related quality of life did not

change.

It is unclear whether the focus on symptoms also led to

the increased number of patients taking opioids. While the

fraction of patients receiving prescription opioids was

lower in our cohort than previously reported by others [13],

it still reached about 20 %. Pain is common in gastropa-

resis and typically does not improve with dietary or other

medical interventions [28, 29]. Thus, opioid use has pre-

viously been described by others [30, 31] and fits a national

trend of rising opioid use for benign conditions, including

those associated with chronic abdominal pain [32, 33]. We

also saw an increase in the fraction of prescription opioid

users between 2003 and 2012, which corresponds with a

nationwide trend [34]. While we did not record pain

prevalence in our cohort, our findings argue against gas-

troparesis being the only or even primary target of pain

management, as coexisting pain syndromes and psychiatric

problems significantly contributed to chronic opioid use in

our cohort.

Chronic opioid use in benign disorders is controversial

considering concerns about abuse and adverse effects as

well as limited evidence of clinically relevant functional

improvements [35–37]. Our data point at another con-

cerning aspect, an increased mortality, which has previ-

ously been reported in a longitudinal study of patients with

Crohn’s disease [38]. The negative predictive power

remained significant after controlling for potential con-

founders, pointing at an inherent risk of opioids. Prior

studies have clearly demonstrated a correlation between

opioid prescriptions, drug abuse, emergency medical

encounters, and death related to unintentional overdoses

[39, 40]. The risk of adverse events is dose dependent [41],

a factor that was not assessed in our cohort. Our study also

did not systematically capture risk factors for substance

abuse. However, mood disorders and concomitant use of

benzodiazepines, both markers of higher substance abuse

potential [34], were more commonly seen in opioid users.

Considering the rising concerns about the negative impact

of opioid use, these data should prompt providers to review

the appropriateness and dosing of these potent analgesics

[42]. Interestingly, meclizine was also associated with a

higher likelihood of death. The agent is widely available in

the USA as ‘‘over the counter’’ preparation with an

acceptable safety profile. Prior studies have demonstrated a

sedating effect with minor cognitive impairment [43]. The

small number of patients using this medication does not

enable us to further assess the relevance of this effect or

other potential confounders. Conversely, proton pump

inhibitors and benzodiazepine use seemed to have a pro-

tective effect in our study. The apparently beneficial effect

of benzodiazepines is difficult to reconcile with large epi-

demiological studies showing increased mortality in indi-

viduals using sedating agents [44]. While proton pump

inhibitors decrease the risk of gastrointestinal bleeding in

patients on aspirin or non-steroidal anti-inflammatory drugs

[45], we did not identify such complications as a common

problem in our cohort. Thus, the observed impact of opi-

oids is consistent with a growing body of the literature as

mentioned above. The effects of other agents are statisti-

cally significant, but cannot easily be explained in terms of

underlying mechanisms. As published data are limited or

even point in the opposite direction, we will need to wait

for prospective trials or use case–control studies with

appropriately balanced confounders to assess the true rel-

evance of these findings.

One additional goal was the assessment of more

aggressive interventions, most notably nutritional support.

Using administrative data sources, we recently reported

that placement of feeding tubes or institution of nutritional

support was associated with worsening outcomes in

patients hospitalized for gastroparesis [17, 46]. Relatively

little is known about the chronic use of nutritional support

in large patient groups with gastroparesis. Soykan et al.

[22] reported that 21 % of their patients at least transiently

received some form of nutritional support. Rates were

lower in a large multicenter study of idiopathic gastropa-

resis, but still reached 11 % of the recruited patients [47].

Similarly, about 10 % of patients undergoing implantation

of a gastric electrical stimulator have undergone feeding

tube insertion prior to this surgery [24]. Thus, our numbers

are lower with only about 5 %, but are likely less skewed

as patients were not exclusively seen by specialists with a

focus on functional gastrointestinal disorders. Consistent

with our findings based on the Nationwide Inpatient

Sample [17], we observed a high rate of complications with

a nearly 20 % readmission rate within 30 days after

placement and with a total complication rate of 34 %

within the first year. These results are consistent with prior

reports that even included procedure-related mortality [26,

48, 49]. Interestingly, tube removal and maintenance of

oral nutrition was eventually possible in about 90 % of the

cases, which matches prior reports about the decreasing
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need for nutritional support, which in that series was

attributed to benefits of gastric electrical stimulation [27].

Thus, the findings obtained in our cohort and the correla-

tion between nutritional support and worsening outcomes

both point at potential harm, which is important to consider

in view of the overall lack of any excess mortality of the

disorder per se.

In addition to these key findings, our results show that

patients with gastroparesis reflect an admittedly female-

predominant cross section of the general population and

thus include an increasing fraction of obese individuals,

which has recently been reported by others as well [50]. As

is true for other functional illnesses, gastroparesis is com-

monly associated with other functional and affective spec-

trum disorders, which may also contribute to the high

number of persons using antidepressants and anxiolytics

[47, 51].

While this is the largest cohort with gastroparesis

described, the study comes with several important limita-

tions. The retrospective nature makes it impossible to use

standardized diagnostic criteria for the primary disease,

symptom severity, and comorbid conditions. We required

evidence of delayed gastric emptying and used previously

established criteria to identify definite and probable gas-

troparesis [18]. Even though nearly 90 % of the patients

had undergone a gastric emptying study, the tests were not

uniformly performed, as approaches varied between

imaging centers and over time. The results were obtained

in a single tertiary referral center and may thus not be

representative for patients seen in rural areas, different

regions of the country, or in general practice. However, we

focused on outpatients to avoid the inherent bias associated

with selection of patients who are either more severely ill

and/or higher resource utilizers. Overall, key demographic

and clinical data are consistent with several prior reports

from different areas of the country [13, 18, 22, 52]. In

addition, the high number of physicians involved in their

care, the relatively low rate of more aggressive interven-

tions, and the low mortality argue against significant

skewing due to tertiary referral bias. Dietary management

was often emphasized in the medical record, but also not

standardized or routinely described, not allowing us to see

whether the apparent shift in pharmacotherapy was also

associated with an increasing emphasis of dietary treat-

ment. Similarly, we were only able to extract the BMI as

routine measure for a subset of patients. Micronutrient

assessments were not consistently obtained, thus not

enabling us to see how and when deficiencies played a role

in treatment decisions, such as the institution of nutritional

support.

In conclusion, treatment of gastroparesis is changing.

The limited correlation between symptoms and gastric

emptying delay and increasing concerns about adverse

drug effects have led to shift away from prokinetics to

symptom-oriented and dietary treatment. While the disease

can be a significant burden for the affected patients, pro-

foundly affecting the quality of life, gastroparesis by itself

does not carry a relevant mortality. This fact stands in

contrast to the risk of more aggressive interventions, which

often lead to complications, may only be used transiently

and should thus be avoided whenever possible.

Conflict of interest None.
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