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Abstract

Most drug-drug interactions involve overlap or competition in drug metabolic pathways. However, 

there are medications, typically resins, whose function is to bind injurious substances such as bile 

acids or potassium within the digestive tract. The objective of this article is to review the functions 

of the stomach and the kinetics of emptying of different food forms or formulations to make 

recommendations on timing of medication administration in order to avoid intragastric drug 

interactions. Based on the profiles and kinetics of emptying of liquid nutrients and homogenized 

solids, a window of 3 hours between administration of a resin drug and another “target” 

medication would be expected to allow a median of 80% of medications with particle size <1mm 

to empty from the stomach and, hence, avoid potential interaction such as binding of the “target” 

medication within the stomach.
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 Introduction

The treatment of gastroparesis entails co-administration of different pharmacological agents 

that may be metabolized via the same metabolic pathway(s), such as cytochrome P450 

enzymes (1). Inhibition or induction of a shared metabolic pathway may lead to changes in 

systemic levels of prescribed drugs, potentially leading to undesired drug-drug interactions 

(DDIs). A recent review (1) addressed pharmacokinetic interactions, particularly those 

related to metabolic interactions. Other potential interactions may occur from differences in 

absorption, excretion and distribution of the drugs. From a gastroenterology perspective, the 

potential for interactions in the digestive tract is of significant interest, as it may impact on 

the optimal timing between the ingestion of medications. There are medications which work 

by binding intraluminal content in the gastrointestinal tract; examples include resins (e.g. 

cholestyramine, colesevelam) to bind bile acids in bile acid diarrhea or phosphorus 

[typically cations such as Al3+, Fe3+, Ca2+, Mg2+ (2)] or potassium [such as patiromer (3)] 
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in chronic renal failure. Hyperkalemia is associated with life-threatening cardiac arrhythmias 

and sudden death. Although agents inhibiting the renin-angiotensin-aldosterone-system 

(RAAS) are currently the first-line treatments toward cardio- and nephroprotection in 

patients with diabetes or heart failure, their administration often leads to hyperkalemia and 

treatment discontinuation. Two new oral potassium-exchanging compounds, patiromer and 

sodium zirconium cyclosilicate, were shown in recent randomized controlled trials to 

normalize elevated serum potassium and maintain potassium homeostasis in the longer term 

in hyperkalemic patients treated with RAAS blockers (4). Therefore, treatment with such 

resins is relevant to a potentially life-threatening disease (hyperkalemia) and occurs in a 

setting that may be associated with gastroparesis, such as diabetes with chronic renal failure.

The objective of this article is to review the kinetics of emptying of different food forms or 

formulations from the stomach in order to identify optimal timing of medication 

administration to avoid intragastric drug interactions.

As shown in Figure 1 (5), different meals are emptied from the stomach at different rates, 

based on physical consistency (6), fat content and total caloric load. Liquids of low caloric 

density empty exponentially from the stomach under the pressure gradient between fundic 

tone and the resistance to flow provided by the pylorus. Higher caloric liquids or 

homogenized solids empty almost linearly from the stomach (7). Digestible food of more 

solid consistency requires antral trituration which sets up liquid shearing forces that reduce 

particle size to <2mm (8). Until particles are reduced by these forces to <2mm, there is a lag 

before solid emptying can start. After trituration, food empties linearly from the stomach at a 

rate similar to that of a homogenized solid meal (9,10). It is conceivable, given the diameter 

of the open human pylorus, that somewhat larger particles may be emptied from the stomach 

during the linear post-lag gastric emptying phase. Unfortunately, there are no human studies 

analogous to those performed by Meyer et al. in the dog in which the descending duodenal 

contents were exteriorized through chronic duodenal fistulas, and the particle size was 

determined by sieving of the duodenal chyme. Thus, at present, we cannot be sure that 

digestible particles of >1mm in size can empty from the human stomach. A corollary is that 

particles <1mm in diameter [such as resin products or patiromer (suspension with particle 

size <0.1mm)], as well as high caloric liquids [such as nutritional supplements like Ensure® 

(7)] or homogenized solids do not require trituration and are emptied linearly from the 

stomach.

Gastroparesis is associated with significantly delayed gastric emptying in the absence of 

mechanical obstruction and cardinal symptoms that include early satiety, postprandial 

fullness, nausea, vomiting, bloating and upper abdominal pain (11). Decreased postprandial 

antral motility prolongs the gastric emptying time for solids by prolonging the time to 

complete trituration (lag duration) and slows the rate of post-lag emptying (12); intestinal 

dysmotility retards the gastric emptying rate, typically without prolonging the lag phase of 

gastric emptying (12).

Diabetes, postsurgical, idiopathic or postviral gastroparesis are the most common associated 

conditions; more rarely, gastroparesis is associated with extrinsic neurological disorders 

including Parkinsonism or myopathic disorders such as scleroderma (11). Whereas upper 
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gastrointestinal symptoms are as frequent in patients with type 1 or 2 diabetes as in 

nondiabetic community controls (13), the prevalence of objectively delayed gastric emptying 

of solids among diabetics from the same community is much lower, probably close to 5% 

(14). Therefore, it is relevant to note that intragastric DDIs, based on gastroparesis, are likely 

to be relatively infrequent from a community or public health perspective.

Scintigraphy is still widely used in tertiary centers for measurement of gastric emptying. A 

low fat (2%) EggBeaters® (chicken egg white) radiolabeled meal (15) is regarded as the 

gold standard due to standardized procedures, methods, and well-established normal values 

(15). Significant delay is documented by at least 10% retention at 4 hours with the 

EggBeaters® meal, and >25% retention at 4 hours with the 30% fat meal (16).

In healthy adults, the gastric emptying T1/2 rates of Ensure Plus® (liquid nutrient meal) and 

of an easily triturated, 2% fat Eggbeaters® meal (egg white sandwich) were 84.6±28.8 (SD) 

and 91.2±20.9 minutes respectively (7).

An alternative scintigraphic approach uses a 30% fat, 320kcal meal; this method is well-

validated with normal data from 319 healthy controls and reported performance 

characteristics (16). With this meal, gastric emptying T1/2 values (16) were 127.7±28.7 (SD) 

minutes in females (n=214) and 109.9±28.6 minutes in males (n=105). Overall, the 

proportion of solids emptied from the stomach was 50% (37–64 [median ((IQR))]) at 2 

hours and 96% (88–98) at 4 hours (16) in healthy controls, and 35% (24–43 [median 

((IQR))]) at 2 hours and 75% (58–80) at 4 hours among 46 patients with diabetes and 

delayed gastric emptying (17).

In a comparison of 25 unselected, mechanically ventilated patients) and 14 healthy subjects 

of similar ages,, Chapman et al. demonstrated that gastric emptying of liquid nutrient 

(radiolabeled Ensure®) was delayed in ~50% of critically ill patients (18) with severe 

gastroparesis. Delayed emptying by this scintigraphic test was documented by T1/2 of >89.8 

minutes and retention at 60, 120 and 180 minutes of >73%, >32% and >13% respectively. 

Among these patients, the median retention at 3 hours (180 minutes) was 16% (range 0–97; 

normal <13% retention). Given the results from the comparison of egg white sandwich to 

liquid nutrient meal emptying (7), it is reasonable to assume that the median retention of a 

small particle <1mm meal would mimic that of the liquid nutrient and, therefore, <20% 

median would be retained in the stomach at 3 hours in patients with severe gastroparesis.

The conclusion is that a window of 3 hours would be expected to allow a median of at least 

80% of a resin or medication with particle size <1mm to empty from the stomach and, 

hence, to avoid potential interactions such as binding within the stomach of a target 

medication. Such separation would potentially avoid DDIs resulting from delayed gastric 

emptying, as long as the binder drug has a particle size <1mm. Ingestion of food within the 

three-hour time window after ingestion of the resin would require “re-starting the clock” to 

the time of ingesting that food. Given the potential for such DDIs, it is recommended that 

there should be a strong clinical indication for prescription of such resins and no alternative 

for that clinical indication, e.g. in patients with hyperkalemia due to chronic renal failure or 

administration of RAAS blockers.
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Key Messages

• The objective of this article is to review the functions of the stomach 

and the kinetics of emptying of different food forms or formulations in 

order to make recommendations on timing of medication 

administration to avoid intragastric drug interactions.

• The basic methodology of the study was a review of the published data 

on the emptying of different foods from the stomach.

• A window of 3 hours would be expected to allow a median of at least 

80% of a resin-like or other medication with particle size <1mm to 

empty from the stomach and, hence, to avoid potential interaction such 

as binding within the stomach.
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Figure 1. 
Patterns of gastric emptying of liquids and solids in health and in gastroparesis. Gastric 

emptying curves for liquids and solids were derived from the published literature. Low fat 

solid meal is a 2% fat, 255kcal meal; high fat meal is 32% fat, 296kcal meal.

Reproduced with permission from ref. 5, Camilleri M, Shin A. Dig Dis Sci 2013;58:1813–5.
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