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Abstract

Background: Gastroparesis (GP), meaning “gastric palsy”, is a 
chronic medical condition characterized by delayed or absent gastric 
emptying in the absence of mechanical obstruction. The primary ob-
jective of this study was to determine the patient-specific outcomes 
and the burden of GP on the US healthcare system.

Methods: This was a population-based, retrospective study designed 
to analyze data available from the Nationwide Inpatient Sample (NIS) 
for 2016 and 2017. Using the International Classification of Diseas-
es, Tenth Revision (ICD-10) codes, we identified adult (18 years or 
older) hospitalizations with a principal diagnosis of GP. The study 
sample was further classified into two distinct groups based on the 
presence or absence of GP, namely diabetic GP (DGP) and non-dia-
betic GP (NDGP). The primary outcome of our study was inpatient 
mortality secondary to GP while the secondary outcomes included the 
odds of system-based complications and the burden of the disease on 
the United States healthcare system.

Results: We identified 99,695 adult (≥ 18 years) hospitalizations with 
a principal discharge diagnosis of GP in 2016 and 2017. Of these pa-
tients, 78.1% (77,885) had DGP and 21.9% (21,810) were classified 
in the NDGP group. We noted a higher proportion of women (79.3% 
vs. 63.4%, P < 0.001), patients with a history of smoking (35.8% vs. 

31.7%, P < 0.001) and chronic obstructive pulmonary disease (10.7% 
vs. 7.6%, P < 0.001) in the NDGP group. After adjusting for common 
confounders excluding age, the inpatient mortality for GP was found 
to be 0.25%. Furthermore, after adjustments were made for the Charl-
son comorbidity index (CCI), we noted higher odds of mortality in the 
NDGP group (0.30% vs. 0.23%, adjusted odds ratio (aOR): 3.18, 95% 
confidence interval (CI): 1.75 - 5.79, P < 0.001) compared to the DGP 
group. Additionally, patients with NDGP had a higher mean length of 
stay (5 vs. 4.1 days, P < 0.001) and higher mean total hospital charge 
($44,100 vs. $35,500, P < 0.001) compared to those with DGP. The 
NDGP group also had higher odds of sepsis, deep vein thrombosis 
(DVT) and pulmonary embolism (PE); however, the odds of develop-
ing acute kidney injury (AKI) were lower than that of the DGP group.

Conclusions: The inpatient mortality for GP was found to be 0.25%. 
After adjusting for CCI, patients with NDGP had higher odds of in-
patient mortality compared to the DGP group. Additionally, patients 
with NDGP were associated with a longer length of hospital stay, 
mean total healthcare cost and higher odds of complications such as 
sepsis, DVT and PE during the hospitalization.

Keywords: Non-diabetic gastroparesis; Diabetic gastroparesis; Out-
come; Mortality; Nationwide inpatient sample; Complications; Total 
hospital cost; Mean length of stay

Introduction

Gastroparesis (GP) is a chronic medical disorder characterized 
by delayed or absent gastric emptying in the absence of a me-
chanical obstruction [1]. As the association of diabetes and GP 
is most frequently encountered in clinical practice, majority of 
the studies conducted have explored this relationship [2, 3]. As 
per literature, the exact incidence and prevalence of GP in the 
general population is unknown [4]. However, the most com-
mon cause of GP is believed to idiopathic, seen in 35% of the 
patients, followed by diabetes mellitus which may be present 
in up to 29% of the patient population [5]. Although there are 
numerous studies on GP, there is limited data on the mortal-
ity of GP in an inpatient setting. Hence, in this study, we use 
the Nationwide Inpatient Sample (NIS) database to determine 
patient-specific outcomes and factors associated with GP in 
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both diabetic and non-diabetic hospitalizations while compar-
ing the two groups. We also aimed to estimate the inpatient 
mortality rates for GP, measure the disease burden on the US 
healthcare system in terms of cost of management and length 
of hospital stay, and determine the odds of developing certain 
system-based complications in an inpatient setting. Through 
this analysis, we hope to bridge the gap in knowledge that cur-
rently exists for hospitalizations due to GP.

Materials and Methods

Design and data source

This was a retrospective cohort study involving all adult (≥ 
18 years) hospitalizations for a principal diagnosis of GP in 
the US between January 1, 2016 and December 31, 2017. The 
data were sourced from the NIS database, which is a publicly 
available database of inpatient hospital stays derived from the 
billing data submitted by hospitals to statewide data organiza-
tions across the US, thereby covering more than 97% of the 
US population [6, 7]. It approximates a 20% stratified sample 
of discharges from US community hospitals, excluding reha-
bilitation and long-term acute care hospitals. This dataset is 
weighted to obtain national estimates [6]. The 2016 and 2017 
databases were entirely coded using the International Classifi-
cation of Diseases, Tenth Revision, Clinical Modification/Pro-
cedure Coding System (ICD-10-CM/PCS). In NIS, diagnoses 
are divided into two separate categories, namely principal di-
agnosis, and secondary diagnosis. The principal diagnosis was 
the main ICD-10 code for the hospitalization and the second-
ary diagnosis was any ICD-10 code other than the principal 
diagnosis.

Study population

The NIS database was queried for all adult (≥ 18 years) hospi-
talizations with a primary diagnosis of GP for 2016 and 2017. 
The NIS database uses the ICD coding system to classify and 
store data for inpatient hospitalizations. We used the ICD-10 
codes E08.43, E09.43, E10.43, E11.43, and E13.43 as they 
correlate with diabetic GP (DGP). Additionally, patients with 
unspecified GP (ICD-10 code K31.84) with a secondary di-
agnosis of diabetes mellitus were included in the DGP group 
and those with unspecified GP without a secondary diagno-
sis of diabetes mellitus were included in the non-diabetic GP 
(NDGP) cohort.

Outcome measures

The primary outcome of the study was a comparison of inpa-
tient mortality between the DGP and NDGP groups. Second-
ary outcomes included development of sepsis, acute kidney 
injury (AKI), deep vein thrombosis (DVT), pulmonary embo-
lism (PE), mean length of stay (LOS) in the hospital and mean 
total hospital charges (THC).

Statistical analysis

We analyzed the data using Stata® version 16 software (Stata-
Corp, Texas, USA). All the analyses were conducted us-
ing weighted samples for national estimates in adjunct with 
Healthcare Cost and Utilization Project (HCUP) regulations 
for using the NIS database. Comorbidities were calculated as 
proportions of the cohort and Chi-squared test was used to 
compare these characteristics between the DGP and NDGP 
subgroups. Multivariate regression analysis was utilized to 
adjust for possible confounders while calculating the primary 
and secondary outcomes, which were obtained from literature 
review. All P values were two-sided, with 0.05 as the threshold 
for statistical significance.

Ethical considerations

The NIS database lacks patient identifiers. In 2012, NIS also 
removed state level and hospital identifiers. This has en-
hanced patient privacy, protection, and anonymity. Hence, 
this study was exempt from Institutional Review Board (IRB) 
approval.

Results

Patient characteristics

For 2016 and 2017, NIS contained over 71 million weighted 
hospital discharges out of which 99,695 hospitalizations were 
included in the study. Of these hospitalizations, 78.1% (77,885) 
of the patients had DGP and 21.9% (21,810) were included in 
the NDGP group. We did not observe a statistically significant 
difference in the mean age for DGP and NDGP. Compared to 
patients with DGP, we noted that the NDGP group had a higher 
proportion of women (79.3% vs. 63.4%, P < 0.001), history of 
smoking (35.8% vs. 31.7%, P < 0.001) and patients with chronic 
obstructive pulmonary disease (10.7% vs. 7.6%, P < 0.001); 
however, the DGP group had higher proportion of patients with 
hypertension (40.5% vs. 32.8%, P < 0.001), obesity (18.6% vs. 
13.7%, P < 0.001), congestive heart failure (13.0% vs. 4.9%, P < 
0.001) and chronic kidney disease (32.1% vs. 6.6%, P < 0.001). 
Furthermore, statistically significant racial differences were also 
noted between the two subgroups with NDGP being more com-
mon in the Whites (69.8% vs. 40.2%, P < 0.001) and DGP more 
frequently seen in Black (35.4% vs. 17.4%, P < 0.001) and His-
panic (14.2% vs. 6.7%, P < 0.001) populations. The patient and 
hospital characteristics are summarized in Table 1.

Primary outcome: inpatient mortality

The inpatient mortality for GP was found to be 0.25%. After 
adjusting for CCI, patients in the NDGP group had higher odds 
of inpatient mortality (0.30% vs. 0.23%, adjusted odds ratio 
(aOR): 3.18, 95% confidence interval (CI): 1.75 - 5.79, P < 
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Table 1.  Patient and Hospital Characteristics of Hospitalizations for Gastroparesis

Variable Diabetic gastroparesis (%) Non-diabetic gastroparesis (%) P value
Sample size 77,885 (78.1%) 21,810 (21.9%)
Patient characteristics
  Age, mean 47.3 47.4 0.676
  Women 63.4 79.3 < 0.001
Racial distribution < 0.001
  White 40.2 69.8
  Black 35.4 17.4
  Hispanic 14.2 6.7
  Others 7.2 6.1
Insurance type < 0.001
  Medicaid 43.8 40.2
  Medicare 28.5 22.0
  Private 21.7 33.2
  Uninsured 6.0 4.6
Charlson comorbidity index (CCI) score < 0.001
  0 0.1 52.3
  1 1.5 25.3
  2 39.3 11.4
  ≥ 3 59.1 11.0
Median annual income in patient’s zip code (USDa) < 0.001
  1 - 43,999 42.6 31.2
  44,000 - 55,999 25.5 27.6
  56,000 - 73,999 20.2 23.3
  ≥ 7 4,000 11.7 17.9
Comorbidities
  Hypertension 40.5 32.8 < 0.001
  Smoking history 31.7 35.8 < 0.001
  CHF 13.0 4.9 < 0.001
  CKD 32.1 6.6 < 0.001
  Obesity 18.6 13.7 < 0.001
  Chronic IHD 18.7 8.4 < 0.001
  Prior CVA 2.1 0.9 < 0.001
  COPD 7.6 10.7 < 0.001
  Electrolyte derangements 38.8 36.6 0.020
Hospital characteristics
  Hospital region 0.026
    Northeast 15.0 16.3
    Midwest 18.8 17.9
    South 48.3 50.1
    West 17.9 15.7
  Hospital bed size 0.201
    Small 18.4 16.7
    Medium 31.2 31.7
    Large 50.4 51.6
  Urban location 92.8 93.5 0.121
  Teaching hospital 68.0 70.3 0.019

a2017. CHF: congestive heart failure; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CVA: cerebrovascular accident; 
IHD: ischemic heart disease.
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0.001) compared to those with DGP.

Secondary outcomes

Patients with NDGP had a higher mean LOS at 5 days (1.4, 
95% CI: 1.2 - 1.6, P < 0.001) and higher mean THC at $44,100 
(14,000, 95% CI: 11,500 - 16,500, P < 0.001) compared to those 
with DGP at 4.1 days and $35,500, respectively. Additionally, 
higher odds of sepsis (aOR: 1.70, 95% CI: 1.02 - 2.84, P = 
0.043), DVT (aOR: 1.91, 95% CI: 1.27 - 2.87, P = 0.002) and 
PE (aOR: 2.28, 95% CI: 1.03 - 5.02, P = 0.041) were observed 
in the NDGP group compared to those with DGP. However, 
NDGP patients had lower odds of developing AKI (aOR: 0.63, 
95% CI: 0.55 - 0.72, P < 0.001) compared to patients with DGP. 
The secondary outcomes are summarized in Table 2.

Discussion

GP was first described in the mid-1900s; but over the last few 
decades, it has grabbed the interest of investigators [8, 9]. A 
deeper understanding of the etiology and pathophysiological 
mechanisms of the disease helps in the development of targeted 
therapeutic strategies. GP is a relatively under-investigated dis-
ease pathology not only due to a significant overlap of clinical 
features with functional dyspepsia, but also because most epi-
demiological studies primarily investigate the association of GP 
and diabetes mellitus [2, 3]. Furthermore, a minor fraction of 
patients with function dyspepsia may have delayed gastric emp-
tying times blurring the distinction between idiopathic GP and 
functional dyspepsia [10]. Hence, there is consensus among phy-
sicians that GP is an underdiagnosed disease entity, and its true 
impact on the general population may still be unknown [4]. GP 
impacts the overall quality of life of patients, and also places sig-
nificant burden on the healthcare system both in terms of hospital 
cost and the resources needed to treat these patients. Hence, this 
study was designed to estimate the epidemiology, identify pos-
sible associations, and adverse outcomes of GP hospitalizations.

The true incidence and prevalence of GP are not known 

due to difficulties in undertaking large, controlled population-
based studies. Literature describes only two large prospective 
studies on GP till date, both of which relied on data collec-
tion from hospitalizations rather than the general population 
[11]. One of these studies, namely the Rochester Epidemiol-
ogy Project, was a large community-based study conducted in 
Olmsted County of Minnesota [12]. It reported an age-adjusted 
prevalence of 9.6 per 100,000 in men and 37.8 per 100,000 
in women for GP [12]. Rey et al further utilized this data to 
report a prevalence rate of 24.2 per 100,000 persons and an 
incidence rate of 6.3 per 100,000 persons per year for GP [13]. 
From 1997 to 2013, hospitalizations secondary to GP have in-
creased by 300% and can be attributed to either a true increase 
in prevalence or overdiagnosis of the disease pathology [11]. 
In the study period, we report 99,695 hospitalizations for GP, 
out of which 77,885 (78.1%) had DGP while 21,810 (21.9%) 
were classified in the NDGP group. Although there was no 
statistical difference in the mean age for both groups, we re-
port a higher percentage of women in the NDGP group. These 
findings were in line with current literature. Furthermore, we 
noted racial difference between the two groups. GP secondary 
to a diabetic etiology was more frequent in Blacks and Hispan-
ics, whereas NDGP was more commonly seen in Whites. This 
could be attributed to a higher prevalence of diabetes mellitus 
in the racial/ethnic minorities such as Blacks and Hispanics as 
compared to Whites [14]. Additionally, it has been reported 
that racial/ethnic minorities are more likely to experience com-
plications of diabetes compared to other populations.

Classification of GP

GP can be subdivided into numerous categories based on the 
underlying pathophysiology and associations with other dis-
eases. Identification of the underlying pathophysiological 
mechanism leading to GP may help direct treatment in cases, 
where withdrawal of the inciting agent (medication-induced 
GP) or correction of the underlying disease process may lead 
to resolution of symptoms. Overall, the two most common eti-
ologies implicated for GP includes idiopathic causes and dia-

Table 2.  Clinical Outcomes in Patients With Gastroparesis

Outcome DGP (%) NDGP (%) aOR (95% CI) P value*
Primary outcome
  In hospital mortality 0.23 0.30 3.18 (1.75 - 5.79) < 0.001*
Secondary outcomes
  Mean length of stay 4.1 5.0 1.4 (1.2 - 1.6)a < 0.001*
  Mean total hospital charges (USD) 35,500 44,100 14,000 (11,500 - 16,500)a < 0.001*
  Sepsis 0.53 0.64 1.70 (1.02 - 2.84) 0.043*
  AKI 20.60 8.09 0.63 (0.55 - 0.72) < 0.001*
  DVT 0.91 1.05 1.91 (1.27 - 2.87) 0.002*
  PE 0.19 0.37 2.28 (1.03 - 5.02) 0.041*

*Statistically significant. aAdjusted mean difference. aOR: adjusted odds ratio; CI: confidence interval; AKI: acute kidney injury; DGP: diabetic gastro-
paresis; DVT: deep venous thrombosis; NDGP: non-diabetic gastroparesis; PE: pulmonary embolism.
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betes mellitus. The classification of GP is as follows.

Idiopathic GP

Although there is paucity of data investigating non-diabetic 
causes of GP, idiopathic GP is believed to be the most com-
mon subtype of GP. As per literature, idiopathic causes may 
constitute as high as 35% of all patients with GP [5].

DGP

Diabetes mellitus is a group of chronic medical conditions 
characterized by hyperglycemia secondary to insufficient insu-
lin secretion, resistance to action of insulin on tissues, or both 
[15]. Gastrointestinal complications of diabetes, usually sec-
ondary to autonomic dysfunction or abnormal intrinsic nervous 
system function, are seen in patients who have had persistent 
disease, typically of more than 5 years’ duration [16]. Over the 
years, the association of diabetes and GP has been extensively 
studied. In a large, single center cohort study, it was estimated 
that about one-third (29%) of the patients with GP had under-
lying diabetes [17, 18]. However, this study had a sampling 
bias as the study sample included only hospitalized patients. In 
the general population, this rate is expected to be much lower 
[17, 18]. Similarly, for our study, the study sample was ob-
tained from a large publicly available inpatient database. Of all 
the hospitalizations for GP, we report that 78.1% had associ-
ated diabetes mellitus. This may be because hospitals have a 
greater influx of patients with diabetes and are therefore more 
likely to establish a diagnosis of DGP compared to its actual 
prevalence in the general population.

Post-surgical GP (PSGP)

As per literature, PSGP may be seen in about 13% of the pa-
tients with GP [5]. Injury to the vagus nerve following gastric 
or thoracic surgical intervention (i.e., hiatal hernia repairs, or-
gan transplantation, gastrectomy, fundoplication, and Roux-
en-Y gastric bypass surgery, etc.) is commonly implicated 
[19]. Additionally, the surgical intervention itself may lead 
to satiety and delayed emptying times such as that seen after 
Roux-en-Y anastomosis.

Post-infectious GP

A subset of patients may report sudden onset GP after an infec-
tion. It is frequently seen after viral infections (post-viral GP 
(PVGP)), and patients often report a viral prodrome before the 
onset of clinical symptoms. Studies report that PVGP may be 
seen in up to 8.2% of patients with GP [20]. Viral pathogens most 
commonly implicated in PVGP include rotavirus and Norwalk 
virus [21, 22]. Other viral infections such as Cytomegalovirus 
(CMV), Epstein-Barr Virus (EBV) and Varicella-Zoster Virus 
(VZV) may also be involved [23, 24]. PVGP is often self-limiting 

with excellent prognosis and gradually improves over 1 year [21, 
25]. However, persistent symptoms may be seen in CMV, EBV 
or VZV infections secondary to severe dysautonomia [24, 26].

Medication-induced GP

Certain medications are known to delay gastric emptying 
through their action on numerous receptors. Medication-in-
duced GP may be seen with narcotics, cyclosporine, pheno-
thiazines, dopamine agonists, octreotide, alpha-2-adrenergic 
agonists such as clonidine, tricyclic antidepressants, calcium 
channel blockers, GLP-1 agonists (exenatide) or analogues 
(liraglutide), lithium and progesterone [27]. Establishing a di-
agnosis of medication-induced GP requires a thorough history 
and high degree of suspicion. It has excellent prognosis and 
improves after withdrawal of the inciting agent.

GP associated with neurological conditions

Central nervous system (CNS) disorders and dysautonomia can 
hinder gastrointestinal motility via their effect on the sympa-
thetic or parasympathetic nervous system [28]. The vagus nerve 
and the thoracic spinal sympathetic outflow may be involved in 
patients with Parkinson’s disease, multiple sclerosis, brainstem 
stroke, brainstem tumors, diabetic neuropathy, amyloid neuropa-
thy or primary dysautonomia [27, 29]. Furthermore, involvement 
of the myenteric neuronal plexus may be seen in patients with 
diffuse neurological disorders such as diabetes, human immuno-
deficiency virus (HIV)/acquired immunodeficiency syndrome 
(AIDS), and Parkinson’s disease [29, 30]. Of all the neurological 
disorders, Parkinson’s disease is closely associated with GP and 
may be seen in about 7.5% of all patients with GP [20].

Autoimmune GP

Autoimmune disease is characterised by the presence of au-
toantibodies and may present with a wide spectrum of clinical 
manifestations secondary to autoimmune dysautonomia [31]. 
It may be of idiopathic origin or seen in association with ana-
tomically remote neoplasms, the most common being small cell 
lung carcinoma [32]. Autoimmune GP may also present with 
clinical features of slow intestinal and colonic transit times, or 
uncoordinated pelvic floor muscle contractions along with GP 
[32]. Although numerous antibodies have been studied, high 
antibody titres of anti-glutamic acid decarboxylase (GAD) anti-
bodies have been noted to have a close association with autoim-
mune dysautonomia [33]. Furthermore, literature emphasizes 
the benefit of plasmapheresis in these patients [34].

Miscellaneous causes

Other causes of GP such as mesenteric ischemia, connective 
tissue disorders, collagen vascular disorders, scleroderma, 
amyloidosis, endocrine disorders (hypothyroidism) and renal 
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insufficiency have also been described [35, 36].

Associations and establishing a diagnosis of GP

In our study, we analyzed specific associations of GP. Compared 
to DGP hospitalizations, the NDGP group had a higher propor-
tion of patients with a history of smoking and chronic obstruc-
tive pulmonary disease (COPD) despite making up less than 
one-third of the study sample. The exact reason of this distri-
bution is currently unknown. Additionally, we noted a higher 
proportion of hypertension, obesity, congestive heart failure 
and chronic kidney disease in DGP hospitalizations compared 
to NDGP hospitalizations. Hence, we strongly advocate for the 
need of additional large, prospective cohort studies to further 
explore these associations and establish causality.

GP usually presents with a wide spectrum of clinical signs 
and symptoms along with features of the underlying etiology. Pa-
tients with idiopathic GP most commonly report symptoms of 
early satiety, fullness after meals and abdominal pain [37]. How-
ever, patients with DGP may have severe retching and vomiting 
as the predominant symptom [37]. Some common symptoms of 
GP [3, 38, 39] include nausea (93%), vomiting (64-84%); ab-
dominal pain (46-90%); bloating (mild - 73% and severe - 41%); 
early satiety; post-prandial fullness and loss of weight and apatite.

Abdominal examination may be unremarkable or reveal 
epigastric distention. A suction splash or gastric splash (slosh-
ing sound heard on abdominal auscultation during sudden move-
ments) may also be noted and reflects the presence of fluids in 
the stomach secondary to the delayed or absent gastric emptying. 
Abdominal tenderness may also be reported in some patients. 
However, abdominal guarding and rigidity are usually absent.

Initial workup to establish a diagnosis of GP involves a 
thorough history and physical examination. GP should be sus-
pected in patients presenting with nausea, vomiting, abdomi-
nal pain, bloating and post-prandial fullness [40]. Additionally, 
physicians should be on the lookout for common associations 
of GP. However, most cases of GP may be idiopathic; hence, 
identification of the underlying etiology may not always be pos-
sible. Upper gastrointestinal endoscopy should be performed in 
patients with features of delayed gastric emptying and abdomi-
nal pain for an obvious cause [27]. Furthermore, radiological 
imaging modalities such as computed tomography (CT) and 
magnetic resonance imaging (MRI) are needed to rule out me-
chanical obstruction [27]. In patients without mechanical ob-
struction, gastric emptying study (GES) is the next best step. It 
is cost effective, widely available, and a non-invasive technique 
for physiological and quantitative assessment of gastric empty-
ing [41, 42]. Alternatives to GES include wireless motility cap-
sules (WMC), stable-isotope gastric emptying breath testing 
(GEBT), and functional ultrasonography. However, additional 
data on their sensitivity and specificity are needed before they 
can be recommended for routine use [43-45].

Management of GP recommended by the American Soci-
ety of Gastroenterology (ASG)

The ASG has put forth recommendations for the management 

of GP [46]. These strategies primarily focus on the correction 
of nutritional state, providing symptomatic relief, tighter gly-
cemic control, and improvement of the gastric emptying times 
[46].

Diet and nutritional support for GP

Patients with GP may have calorie deficit due to poor oral in-
take, in addition to deficiencies of essential vitamins and min-
erals [47]. Therefore, in patients with mild disease, oral nutri-
tion with small, low-fat, low-fibre meals about 4 - 5 times/
day is recommended. High calorie, nutritionally rich liquids 
are preferred over solids as gastric emptying of liquids is often 
normal in GP. Poor oral tolerance to liquids is indicative of 
poor outcomes [48]. Furthermore, oral intake of alcohol and 
tobacco should be avoided as they alter gastric emptying time 
[49, 50]. In diabetics, good glycemic control and oral hypo-
glycemic agents can accelerate gastric emptying times. For 
those with severe GP or poor outcomes on oral nutrition, en-
teral or parenteral nutrition may be necessary. Enteral nutrition 
is preferred over parenteral nutrition for lower costs, poten-
tially fewer complications, and ease of delivery. Enteral feeds 
may be started with diluted infusions and gradually advanced 
to iso-osmolar preparations at low infusion rates (20 mL/h) 
which can then be gradually titrated to 60 mL/h for 12 - 15 h/
day to maintain adequate nutrition and hydration.

Glycemic control in DGP

In experimental studies, acute hyperglycemia has shown to de-
lay gastric emptying and inhibit antral contractility. However, 
its exact association with clinical symptoms still is remains 
unclear. Additionally, the long-term effect of tight glycemic 
control on improvement of gastric emptying and resolution of 
symptoms is controversial. ASG recommends the use of di-
peptidyl peptidase-4 (DPP-4) inhibitors such as sitagliptin and 
vildagliptin for glycemic control in DGP as these agents do not 
delay gastric emptying times [51].

Pharmacotherapy for GP

Prokinetic agents are recommended for symptomatic GP de-
spite dietary modifications. The first line prokinetic agent is 
metoclopramide (dopamine-2 receptor antagonist), which 
enhances gastric emptying time by improving gastric antrum 
contractions and decreasing post-prandial fundus relaxation. 
According to recommendations by the US Food and Drug 
Administration (FDA), metoclopramide should be used for no 
longer than 12 weeks for GP unless patients have therapeutic 
benefits which outweigh the risk of therapy [52]. Domperi-
done, another agent approved for the treatment of GP, has 
similar efficacy as that of metoclopramide but fewer CNS side 
effects. It is used in patients who experience side effects or 
fail to improve on metoclopramide. Furthermore, patients who 
fail to respond to both these agents may candidates for eryth-
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romycin which acts on motilin receptors and promotes gastric 
emptying.

Symptomatic management of nausea, vomiting and pain

Antiemetic agents such as ondansetron, prochlorperazine, thi-
ethylperazine, or antihistamines (promethazine) can be used 
for symptomatic nausea and vomiting. However, patients with 
refractory nausea, vomiting and abdominal pain may require 
low dose tricyclic antidepressants (TCA) [53].

Gastric electrical stimulation (GES)

The US FDA approved GES as a humanitarian device exemp-
tion for patients with refractory GP of idiopathic or diabetic 
origin [54]. Literature reports significant improvement in 
symptoms, quality of life and tolerance to oral feeds with the 
GES device [55]. However, additional controlled studies are 
still needed to estimate the actual benefit.

Surgical intervention

Surgical interventions are not routine and rarely indicated for 
GP. According to literature, venting gastrectomy has been as-
sociated with marked symptomatic improvement, maintenance 
of weight and reduction in the total symptom score 3 years 
post procedure [56]. It is assumed that percutaneous endoscop-
ic gastrostomy is less invasive with similar benefits. Further-
more, surgical interventions such as gastrojejunostomy, pylo-
romyotomy, and completion or subtotal gastrectomy have been 
tried for GP; however, long-term follow-up studies are needed 
before these interventions can be recommended.

Alternative therapies

These include acupuncture and physical retraining modalities. 
Several studies have demonstrated the benefit of acupuncture 
in GP. A recent single-blinded, randomized pilot study with 
sham treatment control reported improvement in symptom 
severity and shorted gastric emptying to solids with electroa-
cupuncture compared to baseline; however, the gastric emp-
tying times in the active and sham-controlled arms were not 
matched [57]. Additionally, autonomic retraining techniques 
which were developed by NASA for space motion sickness 
have also shown some benefit [58].

GP is known to significantly decrease the quality of life. In 
literature, mortality rates for GP range from 4% to 38% with 
the highest reported mortality in diabetics requiring nutrition-
al support [59, 60]. Studies report better mortality outcomes 
for patients treated in outpatient settings after a 2-year follow-
up [60]. A population-based study by Jung et al reported mor-
tality for about one-third of the patients with GP and further 
went on to describe lower survival rates for GP compared to 
the general population [12]. In our study, the inpatient mortal-

ity for GP was found to be 0.25%. After adjusting for CCI, we 
report higher odds of mortality in the NDGP group compared 
to the DGP group despite DGP hospitalizations making up 
78.1% of the study population. The reason for this variance 
in mortality is unknown; however, it can be postulated that an 
early diagnosis and treatment of DGP may have in part influ-
enced the mortality rates. Additionally, patients with NDGP 
had higher mean length of hospital stay compared to the DGP 
group. The reduction in hospital stay for DGP may be second-
ary to early diagnosis and initiation of treatment. We also re-
port a higher mean total healthcare cost for NDGP ($44,100) 
compared to DGP hospitalizations ($35,500), which could be 
explained by the fact that patients with NDGP may require 
additional investigations to identify the underlying etiology. 
However, it should be noted that this is a stark increase in the 
mean total healthcare cost from $28,135 in 2006 for inpatient 
management of GP [61]. This data reflect an increasing bur-
den of GP on the US healthcare system. Moreover, patient 
satisfaction for the treatment of GP continues to be a grow-
ing concern as majority of the patients are not satisfied with 
the treatment they receive [62]. Hence, we believe that there 
is need for urgent policy intervention for cost reduction and 
effective management of GP. Furthermore, patients with GP 
are at increased risk of complications. We report higher odds 
of sepsis, DVT and PE in the NDGP group compared to the 
DGP group. This may be because NDGP hospitalizations have 
longer length of hospital stay and hence, are more prone to 
developing inpatient system-based complications. Addition-
ally, we report higher odds of AKI in DGP hospitalizations. 
This may be explained by the fact that severe vomiting, the 
most prominent symptom of DGP, may lead to dehydration 
and prerenal AKI.

Strengths and limitations

Like any retrospective study, this study has several strengths 
and limitations. The greatest strength of this study is the study 
population itself. The sample population used for the analysis 
is derived from one of the largest, publicly available, multieth-
nic hospital-based US registries developed through a Federal-
State-Industry partnership. It contains hospitalization data for 
nearly all inpatient admission and hence, the study is applica-
ble to all hospitals across the US. Moreover, this study includes 
and examines numerous outcome-oriented facets and epide-
miology of GP hospitalizations. This allows for an extremely 
comprehensive overview of GP admissions. However, as with 
any study, there are bound to be limitations. The NIS database 
does not contain information for the severity of the disease 
and time of diagnosis. Additionally, we were unable to analyze 
the outcome of GP with liver disease as this analysis would 
fall outside the scope of our study. Furthermore, data gathered 
from NIS may be subject to biases present in retrospective 
studies. The hospitalizations identified for the study were not 
of individual patients but of GP hospitalizations. Hence, peo-
ple admitted numerous times for the same complaints would 
be included several times within the data set. Finally, NIS is 
an administrative database that uses a coding system to gath-
er clinical outcomes and information; therefore, a possibility 
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of coding errors cannot be ruled out. However, despite these 
limitations, we believe that the large sample size, study design, 
analysis technique and answers to scientific questions contrib-
ute to a better understanding of GP. This study aims to not only 
stimulate intellectual conversations on the topic at hand, but 
also to encourage large multicenter prospective studies on GP.

Conclusions

GP is a chronic medical condition characterized by delayed or 
absent gastric emptying in the absence of a mechanical obstruc-
tion. It is a relatively under-investigated disease pathology, and 
the exact incidence and prevalence in the general population is 
currently unknown. However, over the past few decades, it has 
grabbed the interest of investigators. The two most common 
etiologies of GP reported in literature include idiopathic causes 
and diabetes mellitus. Compared to patients with DGP, we not-
ed a higher percentage of women, Whites, patients with a his-
tory of smoking, and COPD in the NDGP group. Furthermore, 
the DGP group had higher proportions of Blacks, Hispanics, 
and patient with hypertension, obesity, congestive heart fail-
ure and chronic kidney disease. GP may present with a wide 
range of clinical symptoms such as nausea, vomiting, abdomi-
nal pain, postprandial fullness, early satiety, bloating, and loss 
of weight and apatite. In patients with suspected GP, a thor-
ough history and physical examination are essential to identify 
the underlying cause or associated factors. Gastric emptying 
scintigraphy is the gold standard investigation to assess gastric 
emptying in patients where mechanical obstruction has been 
ruled out via other radiological investigations. GP is associ-
ated with significant morbidity and mortality. In our study, the 
inpatient mortality for GP was 0.25%. However, compared to 
GP hospitalizations, patients with NDGP had higher odds of 
inpatient mortality, and were associated with a longer length 
of hospital stay, mean total healthcare cost and higher odds of 
system-based complications such as sepsis, DVT and PE.
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